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PREFACE 


TO 


THE SIXTEENTH EDITION 


HE text of this edition has been carefully revised and in part 
rewritten. Many additional drawings have heen introduced, 
more especially in connection with the chapters on Embryology, 
the Nervous System, and the Organs of Sense, while at the same 
time care has been taken to keep the size of the book within 
reasonable limits. A further use of colour has been employed in 
order to render the drawings more effective and instructive. 

The half-tone illustrations which were utilised to a considerable 
extent in recent editions, and which required for their successful 
reproduction a highly glazed heavy paper, have been replaced by 
woodcuts and line drawings. These not only harmonise more 
closely with Carter’s original figures, but have permitted of a lighter 
paper being used for printing purposes, with the result that the 
present volume weighs considerably less than the last. 

The Editors desire to express their indebtedness to Dr. R. A. 
Boram, Lecturer on Physiology and Histology in the University 
of Durham College of Medicine, Newcastle-upon-Tyne, who has 
revised the chapter on Histology and furnished it with several new 
illustrations, | 

It is hoped that the present edition will maintain and enhance 
the reputation which the work has enjoyed during the past forty- 


seven years, 
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THE ANIMAL CELL (fig. 1) 


LL the tissues and organs of which the body is composed were originally 

developed from a microscopic structure (the ovum), consisting of a soft jelly- 

like granular material enclosed in a membrane, and containing a vesicle, or small 

spherical body, inside which are one or more solid spots. This may be regarded 

as a perfect cell. Moreover, all the solid tissues can be shown to consist largely 

of similar cells, differing, it is true, in external form, but essentially similar to 
an ovum. 

In the higher organisms all such cells may be defined as ‘ nucleated masses of 
protoplasm of microscopic size.’ The two essentials, therefore, of an animal cell 
in the higher organisms are: the presence of a soft jelly-like granular material, 
similar to that found in the ovum, and which is usually styled protoplasm; and 


Fic. 1.—Diagram of a cell, (Modified from Wilson.) 


Cell wall Attraction sphere (centro- 
ke sphere) enclosing two cen- 
trosomes 
Nucleolus 
Nuclear 


membrane 






Net-knot of chromatin form- 
ing a pseudo-nucleus 


nrt — Chromatin network 


Vacuoles ; ; 
Cell-inclusions (paraplasm) 


a small spherical body embedded in it, and termed a nucleus ;* the remaining 
constituents of the ovum, viz. its limiting membrane and the solid spot contained 
in the nucleus, called the nucleolus, are not considered essential to the cell, and 
in fact many cells exist without them. >% 
Protoplasm (cytoplasm) is a material probably of variable constitution, but 
yielding to the chemist on its disintegration bodies chiefly of proteid nature. 
Lecithin and cholesterin are constantly found in it, as well as inorganic salts, 
chief among which are the phosphates and chlorides of the alkali metals and 
calcium. Itis of a semi-fluid, viscid consistence, and appears either as a hyaline 
substance, homogeneous and clear, or else it exhibits a granular appearance. This 
granular appearance, under a high power of the microscope, 1s seen to be due to the 
fact that protoplasm consists of an elastic and refractile network or honeycombed 


* In certain lower forms of life, masses of protoplasm without any nuclei have been 
described by Huxley and others, as cells. 5 
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reticulum, containing im its meshes a clear, semi-fluid homogeneous substance. 
The former is known as spongioplasm, the latter as hyaloplusm, The granular 
appearance is often caused by the knots of the network being aia fo 
granules; but, im addition to this, protoplasm often contains true granules, some 
of which are proteid in nature and probably essential constituents ; others are fat, 
glycogen or pigment granules, and are regarded as adventitious material taken in 
from without, and hence are styled cell-inelusions or paraplasm. The size and 
shape of the meshes of the spongtoplasm vary m different. cells and in ditter ont 
parts of the same cell. In many fixed cells, e.g. epithelial cells, the external 
layer becomes denser than the rest, and often altered by the deposition in it of 
some chemical substance, so as to constitute a membrane which encloses the rest 
of the protoplasm and forms the cell wall. The relative amount of spongioplasin 
and hyaloplasin varies in different cells; the latter preponderating m the young 
cell and the former increasing in amount, at the expense of the hyaloplasm, as 
the cell grows. E l 

The most striking characteristies of protoplasm are its vital properties of 
motion and nutrition. By motion is meant the property which protoplasm has of 
changing its shape and position hy some intrinsic power, which enables i to 
thrust out from its main body an irregular process, into which the whole of 
the protoplasmic substance is gradually drawn, so that the mass comes to occupy 
a new position. This, on account of its resemblance to the movements observed 
in the Ama@ba or Proteus animaleule, has been termed ‘amebhoid movement.’ 
Ciliary movement, or the vibration of hair-like processes from the surface of any 
structure, may also be regarded as a variety of the motion with which protoplasm 
is endowed. 

Nutrition is the power which protoplasm has of attracting to itself the materials 
necessary for its growth and maintenance from surrounding matter, When any 
foreign particle comes in contact with the protoplasmic substance, it becomes 
incorporated in it, being enwrapped by one or more processes projected from 
the parent mass which enclose it. When thus taken up, it nay remain in the 
substance of the protoplasm for some time without change, or may be again 
extruded. 

The Nucleus is a minute body, embedded in the protoplasm, and usually of a 
spherical or oval form, its size having little relation to the size of the cell. It is 
surrounded by a well-defined wall, the nuclear membrane, which encloses the 
nuclear contents. These are known as the nuclear substance (nuclear matrix), 
which is composed of a homogeneous material and a stoma or network. The 
former is probably of the same nature as the hyaloplasim of the cell; but the latter, 
which forms also the wall of the nucleus, differs from the spongioplasin of the cell 
substance. It is sometimes known as the chromoplasi ov intranuclear network, 
and consists of a network of fibres or filaments arranged in a reticular manner. 
These filaments stain very readily with certain dyes; they are therefore named 
chromaiin; while the interstitial substance docs not stain readily, and is hence 
called achromutin. Tn some resting nuclei, i.e. nucle) which are not undergoing 
subdivision, the nuclear filaments do not form a network, but present the appear- 
ance of a convoluted skein, similar to that found in a nucleus about to undergo 
division, Which will be immediately described. 

Within the nuclear matrix are one or more highly refracting bodies, termed 
nucleoli, connected with the nuclear membrane by the nuclear filaments. They 
are regarded as being of two kinds. Some are mere local condensations (‘ net- 
knots `’) of the chromoplasim ; these ave irregular in shape and ave termed pseudo- 
nucteolt; others are distinct hodies ditferimg from the pseudo-nucleoli both in 
nature and chemical composition; they may he termed true nucleoli, and are 
usually found in resling cells. i 

The nuclear substance differs chemically fromordinary protoplasmincontaining 
nuclein, in its power of resisting the action of acids and alkalies, in its imbibing 
more intensely the stain of carmine, hematoxylin, &c., and in its remaining. 
unstained by some 1eagents which colour ordinary protoplasm. 

Recent investigations tend to show that most living cells contain, in addition 
to their protoplasm and nucleus, a minute particle which, on account of the power 
lt appears to possess of attracting the surrounding protoplasmic granules, is 
termed the attraction particle or centrosome; it usually lies near the nucleus. 
The spherical arrangement Of fibrillar rows of granules surrounding the central 
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particle is termed the attraction-sphere or centrosphere. These spheres are as 
a rule double, and are connected by a spindle-shaped system of delicate fibrils 
(achromatic spindle). They are best seen in young cells which are about to 
undergo the process of division, a process believed to commence in these bodies. 

The process of reproduction of cells is described as being brought about 
by indirect or by direct division. Indirect division or karyokinesis (karyo- 
mitosis) has been observed in all the tissues—generative cells, epithelial tissue, 
connective tissue, muscular tissue, and nerve tissue, and probably it will ultimately 
be shown that the division of cells always takes. place in this way, and that the 
process of reproduction of cells by direct division is, as some observers believe, 
merely a sort of imperfect or abnormal karyokinesis. 

The process of indirect cell division is characterised by a series of complex 
changes in the nucleus, leading to its subdivision ; this being followed by cleavage 
of the cell protoplasm. Starting with the nucleus in the quiescent or resting 
stage, these changes may he briefly grouped under the four following phases : 

1. Prophase.—The nuclear network of chromatin filaments assumes the form 
ol a twisted skein or spirem, while the nuclear membrane and nucleolus disappear. 
The convoluted skein of chromatin divides into a definite number of V-shaped 
loops or chromosomes. The number of chromosomes varies in different animals— 
in man it is believed to be always sixteen. Coincident with or preceding these 
changes the centrosome, or attraction particle, which usually lies by the side of 
the nucleus, undergoes subdivision, and the two resulting centrosomes, each 
surrounded by a centrosphere, are seen to be connected by a spindle of delicate 
achromatic fibres, the achromatic spindle. These centrosomes move away from 
each other—one towards each extremity of the nucleus—and the fibrils of the 
achromatic spindle are correspondingly lengthened. The centrosomes are now 
situated one at either extremity or pole of the elongated spindle, and each is 
surrounded by a centrosphere, from which fibrils radiate into the investing proto- 
plasm. A line encircling the spindle midway between its poles is named the 
equator, and around this the V-shaped chromosomes arrange themselves in the 
form of a star, thus constituting the mother star or monaster. 

2. Metaphase.—Each V-shaped chromosome now undergoes longitudinal 
cleavage into two equal halves or daughter chromosomes, the cleavage commen- 
cing at the apex of the V and extending along its divergent limbs. The daughter 
chromosomes, thus separated, travel in opposite directions along the fibrils of 
the achromatic spindle towards the centrosomes, around which they group them- 
selves, and thus two star-like figures are formed, one at either pole of the 
achromatic spindle. This is termed the diaster. 

3. Anaphase.—The V-shaped daughter chromosomes now arrange themselves 
into a skein or spirem, and eventually form the network of chromatin which is 
characteristic of the resting nucleus. Thé nuclear membrane and nucleolus are 
also differentiated during this phase. The cell protoplasm begins to appear 
constricted around the equator of the achromatic spindle, where double rows of 
granules are also sometimes seen. The constriction deepens and the original 
cell gradually becomes divided. l 

4. Telophase.—In this stage the cell is completely divided into two new cells, 
each with its own nucleus, centrosome and centrosphere, which assume the 
ordinary positions occupied by such structures in the resting stage. 

The series of diagrams (fig. 2), by Professor S. Delépine, is intended to 
explain the formation of some of the most important changes observed in nuclei 
of cells during karyokinesis (mitosis); it is based chiefly on the work of Flemming, 
Strasburger, E. van Beneden, Rabl, O. Hertwig, Henneguy, &e. A. Resting 
nucleus. Nucleolus and nuclear membrane visible. A centrosome is represented 
near the nucleus. Band C. Skein or spirem. Chromatic filaments much convoluted. 
Evidence of longitudinal splitting begins to be distinct in several parts. The 
centrosome has divided ; the nuclear membrane is becoming indistinct. The two 
centrosomes are widely separated, and the space between them is occupied by the 
achromatic spindle. (Two arrows point to the positions which the centrosomes 
will ultimately occupy ; during their passage to these points the achromatic spindle 
seems to be within the nucleus.) The nuclear membrane has disappeared. 
D. Mother star, monaster. The nuclear segments (chromosomes) resulting from 
the breaking-up of the chromatic filament into fragments of nearly equal length 
have moved towards the equatorof the spindle, where they now form an equatorial 

R 2 
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Fig. 2,—Karyokinesis : or indirect cell-division. 
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SIDE OR EQUATORIAL END OR POLAR SIDE OR EQUATORIAL, 
VIEW. VIEW. VIEW, 
A. Resting nucleus, B, Skein or spirem, cloze. c. Skein or spirem, open. pP. Mother star, monaster. F. Meta- 


phase. F. Daughter stars or diaster. G. Daughter skeins or dispirem, beginning to form. N. Danghter skeins or 
dispirem. formed. 1. Resting daughter nuclei. 
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plate. These segments are all split longitudinally. x. Metaphase. One half of 
each chromosome moves in the direction of one pole and the other half in that of 
the other pole, being guided towards the centrosomes by the achromatic filaments. 
F. Daughter stars or diaster. a. Daughter skeins or dispirem, beginning to form. 
Segments in the form of thick loops not closely packed. m. Daughter skeins or 
dispirem, formed. Segments more closely packed and less distinct, owing to the 
formation of anastomoses. 1. Resting daughter nuclei. Cell completely divided 
into two, but bridges remain between them in the region previously occupied by 
the achromatic filaments, these being specially distinct in certain cells (e.g. prickle 
cells). The nucleus has a distinct nuclear membrane and a nucleolus. — 

In the reproduction of cells by direct division the process is brought about 
either by segmentation or by gemmation. In reproduction by segmentation or 
fission, the nucleus becomes constricted in its centre, assuming. an hour-glass 
shape, and then divides into two. This leads to a cleavage or division of the whole 
protoplasmic mass of the cell ; and thus two daughter cells are formed, each con- 
taining a nucleus. These daughter cells are at first smaller than the original 
mother cell; but they grow, and the process may be repeated in them, so that 
multiplication may take place rapidly. In reproduction by gemmation, a budding- 
off or separation of a portion of the nucleus and parent cell takes place, and, 
becoming separated, forms a new organism. 

The cell-wall, which is not an essential constituent, and in fact is often absent, 
is merely the external layer of the protoplasm, firmer than the rest of the cell, 
and often thickened by the deposit in it of certain chemical substances. It forms 
a flexible, transparent, finely striated membrane, sometimes furnished with minute 
pores, so as to be permeable to fluids. 


THE NUTRITIVE FLUIDS 


The circulating fluids of the body, which subserve its nutrition, are the blood, 
the lymph, and the chyle. 


THE Broop 


The blood is an opaque, rather viscid fluid, of a bright red or scarlet colour 
when it flows from the arteries, of a dark red or purple colour when it flows from 
the veins. It is salt to the taste, and has a peculiar faint odour and an alkaline 
reaction. Its specific gravity is about 1060, and its temperature is generally 
about 99° F., though varying slightly in different parts of the body. 

General Composition of the Blood.—-Blood consists of a faintly yellow fluid, 
the plasma or liquor sanguinis, in which are suspended numerous minute particles, 
the blood corpuscles, the majority of which are coloured and give to the blood its 
red tint. If a drop of blood is placed in a thin layer on a glass slide and examined 
under the microscope, a number of these corpuscles will be seen immersed in the 
clear fluid plasma. 

The Blood Corpuscles are chiefly of two kinds: (1) Coloured corpuscles or 
Erythrocytes, (2) Colourless corpuscles or Leucocytes. A third variety, the Blood 
platelets, are of subsidiary importance. 

y. Coloured or Red Corpuscles (erythrocytes), when examined under the micro- 
scope, are seen to be circular discs, biconcave in profile. They have no nuclei, 
but, in consequence of their biconcave shape, present, according to the altera- 
tion ‘of focus under an ordinary high power, a central part, sometimes bright, 
sometimes dark, which has the appearance of a nucleus (fig. 3, a). It is to 
their aggregation that the blood owes its red hue, although when examined by 
transmitted light their colour appears to be only a faint reddish-yellow. Their 
size varies slightly even in the same drop of blood, but it may be stated that their 
ordinary diameter is about 3.!5, of an inch, while their thickness is about ,51,,, 
of an inch or nearly one quarter of their diameter. Besides these there are found, 
especially in disease (e.g. ansemic conditions), certain sinaller corpuscles of about 
one-half or one-third of the size just indicated; these are termed smcrocytes, 
and are very scarce in normal blood. The number of red corpuscles in the 
blood is enormous; between 4,000,000 and 5,000,000 are contained in a cubic 
millimetre. Power states that-the red corpuscles of an adult would present 
an aggregate surface of about 3,000 square yards. Each corpuscle consists of 
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a colourless elastic spongework or stroma, cohdensed at the periphery to form 
an investing membrane, and uniformly diffused throughout this are the coloured 
fuid contents. The stroma is composed mainly of nucleo-proteid and of the 
fatty substances, lecithin and cholesterin, while the coloured material consists 
chiefly of the respiratory proteid, hemoglobin, which contains a proportion of iron 
in addition to the ordinary proteid elements. This proteid has a great affinity 
for oxygen, and, when removed from the body, crystallises readily under certain 
circumstances. It is very soluble in water, the addition of which to a drop of 

blood speedily dissolves out the hamoglobin from the corpuscles. 
If the web of a frog’s foot be spread out and examined under the microscope, 
the blood is seen to flow in a continuous stream through the vessels, and the 
corpuscles show no tendency 


Fic. 3.—Human red blood-corpuscles. to adhere to each other or to 
Highly magnified. the wall of the vessel. Doubt- 
4 b less the same is the case in 





the human body; but when 
the blood is drawn and exa- 
mined on a slide without 
reagents, the corpuscles often 
collect into heaps hke rou- 
leaux of coins (fig. 3, b). It 
has been suggested ‘that this 
phenomenon may be ex- 
plained by alteration in sur- 
face tension. During life the 
red corpuscles may be seen 
to change their shape under 
a, Seen from the enrface. b. Seen in profile and forming ronleaux. Pee S50 MES to adapt 
c. Rendered spherical by water. d. Rendered crenate by sait solution. themselves, to some extent, 
to the size of the vessel. 
They are, however, highly elastic, and speedily recover their shape when the 
pressure is removed. They are readily influenced by the medium in which they 
are placed and by the specific gravity of the medium. In water they swell up, 
lose their shape, and become globular (fig. 3, c). Subsequently the hæmoglobin 
becomes dissolved out, and the envelope can barely be distinguished as a faint 
circular outline. Solutions of salt or sugar, denser than the plasma, give them 
a stellate or crenated appearance (fig. 3, d), but the usual shape may be restored 
by diluting the solution to the same specific gravity as the plasma. The crenated 
outline may be produced as the first effect of the passage of an electric shock : 
subsequently, if sufficiently strong, the shock ruptures the envelope. A solution 
of salt or sugar, of the same specific gravity as the plasma, merely separates the 
blood a mechanically, without changing their shape. 

The Colourless Corpuscles or leucocytes are of various sizes, some no larger, 
others even smaller, than the red corpuscles. In human blood, however, the 
majority are rather larger than the red corpuscles, and measure about yao to 
ayyy of an inch in diameter. On the average from 10,000 to 12,000 leucocytes 
are found in each cubic millimetre of blood. 

They consist of minute masses of nucleated protoplasm, and exhibit several 
varieties, which are differentiated from each other chiefly by the occurrence or 
non-occurrence of granules in their protoplasm and by the staining reactions of 
these granules when present (fig. 4). (1) The most numerous and important are 
spherical in shape, and are characterised by a nucleus, which often consists of 
two or three parts (multipartite) connected together by fine threads of chromatin. 
The protoplasm is clear, and contains a number of very fine granules, which stain 
with acid dyes, as eosin (fig. 4, r). These cells are termed the polymorpho- 
nuclear leucocytes. (2) A second variety comprises from 2 to 4 per cent. of 
the leucocytes ; they are larger than the previous kind, and are made up of a 
coarsely granular protoplasm, the granules being highly vefractile and grouped 
round a single nucleus of horse-shoe shape (fig. 4, F). These granules stain 
deeply with eosin, and the cells are therefore often termed cosinophile corpuscles. 
(3) The third variety is called the hyaline cell (fig. 4, n). This is usually about 
the same size as the eosinophile cell, and, when at rest, is spherical in shape and 
ecntains a single round or oval nucleus. The protoplasm is free from granules, 
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but is not quite transparent, having the appearance of ground glass. (4) The 
fourth kind of colourless corpuscle is designated the lymphocyte (fig. 4, L), because 
it is identical with the lymphoid cell derived from the lymphatic glands, the 
spleen, tonsil, and thymus. It is the smallest of the leucocytes, and consists 
chiefly of a spheroidal nucleus with very little surrounding protoplasm of a 


FtG. 4.—Varieties of lencocytes found in human blood. 





homogeneous nature ; it is regarded as the immature ferm of the hyaline cell. 
The third and fourth varieties together constitute from 20 to 30 per cent. of the 
colourless cells, but of these two varieties the lymphocytes are by far the more 
numerous. Leuecocytes having in their protoplasm granules which stain with 
basie dyes (basophile) have been described as occurring in human blood, but they 
are rarely found except in disease. 

The white corpuscles are very various in shape in living blood (fig. 5), because 
many of them have the power of constantly changing their form by protruding 
finger-shaped or filamentous processes of their own substance, by which they move, 
and take up granules from the surrounding medium. In locomotion the corpuscle 
pushes out a process of its substance—a pseudopodium, as it is called—and then 
shifts the rest of the body into it. In the same way when any granule or particle 


Vic. 5.—Human colourless blood-corpuscle, showing its successive changes of outline 
Within ten minutes when kept moist on a warm stage. (Schoficld.) 





comes in its way it wraps a pseudopodium round it, and then withdrawing it, 
lodges the particle in its own substance. By means of these amoeboid properties 
the cells have the power of wandering or emigrating from the blood-vessels by 
penetrating their walls and thus finding their way into the extra-vascular spaces. 
A chemical investigation of the protoplasm of the leucocytes shows the presence 
of nucleo-proteid and of a globulin. The occurrence of small amounts of fat and 
glycogen may also be demonstrated. 

The, Blood platelets are discoid or irregularly shaped, colourless, refractile 
bodies, much smaller than the red cells. Considerable discussion has arisen as 
to their significance. Recent observers have shown that under the action of 
certain stains the centrally situated portion of the blood platelet takes on an 
appearance suggestive of a nucleus. In spite of this, and of the fact that they 
have been observed in the blood-vessels during life, there is still a tendency to 
regard them as products of disintegration of the white cells, or as precipitates, 
possibly of nucleo-proteid, and not as living elements of the blood. 

Origin of the Blood Corpuscles.—In the embryo the red corpuscles are developed 
from mesoblastic cells in the vascular area of the blastoderm. These cells unite 
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with one another to form 3 network, their nuclei multiply in number, and around 
some of the nuclei an aggregation of coloured protoplasm takes place. After a 
time the network becomes hollowed out by an accumulation of fluid, and forms 
capillary blood-vessels, and in the fluid those nuclei which are surrounded by 
coloured protoplasm float as the first red blood cells.* The embryonic corpuscles 
are thus nucleated, and, further, they have the power of amceboid movement. 
These cells disappear in later embryonic life, to be replaced by smaller non- 
nucleated corpuscles, having all the characters of the adult erythrocytes, which, 
according to Schäfer, are formed within certain cells of the connective tissue. 
Small globules of reddish colouring matter appear in the protoplasm of these cells, 
and these eventually becoming larger, more uniform in size and disc-shaped, float 
in a cavity which results from the coalescence of numerous vacuoles. The cells, 
becoming more hollowed, join with neighbouring cells to form new blood-vessels, 
and these become connected with previously existing vessels. In post-embryonic 
life the important source of the red corpuscles is the red marrow in the ends 
of the long bones and especially in the ribs and sternum. Here are found 
special, nucleated, coloured cells, termed erythroblasts, which are probably direct 
descendants of the nucleated, embryonic red cells. These erythroblasts by 
atrophy and disappearance of their nuclei (or, as some observers maintain, by their 
extrusion) and by assumption of the biconcave form are transformed into the 
adult red corpuscles. Of the white corpuscles of the blood, the lymphocytes are 
derived from lymphatic tissue generally, and from the lymphatic glands especially, 
and enter the blood by way of the lymph stream; the hyaline cells probably 
develop from the lymphocytes, while the eosinophile cells are believed to originate 
mainly in the bone marrow and possibly also in the connective tissues: 

The Plasma or Liquor Sanguinis, the fluid portion of the blood, has a yellowish 
tint, is alkaline in reaction, and of a specific gravity of 1'028. It contains in 
solution about 10 per cent. of solids, of which four-fifths are proteid in nature ; 
the remainder being salts, chiefly chlorides, phosphates, and sulphates of the 
alkali metals; carbohydrates, chiefly sugar; fats and soaps ; AE meeer urea, 
and other nitrogenous extractives. The proteids are three in number, serum 
albumin, serum globulin, and fibrinogen. Fibrinogen is a body of the globulin 
class, but differs from serum globulin in several respects. Itis the substance 
mon iol the fibrin, which plays so important a part in the clotting of the blood, 
is derived. 

Coagulation of the Blood.—When blood is drawn from the body and allowed 
to stand, it solidifies in the course of a very few minutes into a jelly-like mass or 
clot, which has the same appearance and volume as the fluid blood, and, like it, 
looks quite uniform. Soon, however, drops of a transparent yellowish fluid, the 
serum, begin to ooze from the surface of the mass and to collect around it. 
Coincidently the clot begins to contract, so that in the course of about twenty-four 
hours, having become considerably smaller and firmer than the first formed jelly- 
‘like mass, it floats in a quantity of yellowish serum. The clotting of the blood is 
due to the formation of a fine meshwork of the insoluble material, fibrin, which 
entangles and encloses the blood corpuscles. It is supposed that when blood is 
drawn a nucleo-proteid, termed prothrombin, appears in the plasma, probably as 
the result of disintegration of some of the white cells and perhaps also the blood 
platelets. This substance interacts with soluble lime salts in the blood, and a 
fresh body, thrombin or fibrin ferment, is the result. The thrombin then acts on 
the fibrinogen in solution in the plasma, converting it into insoluble fibrin, while 
at the same time a very small amount of a new proteid of the globulin type passes 
into solution. 

Fibrin may be obtained, practically free from corpuscles, by whipping the 
blood, after it has been withdrawn from the body, with a bundle of twigs, to 
which the fibrin adheres as it is formed. By various means the clotting of the 
blood may be retarded so that the plasma may be obtained free from corpuscles ; 
from this plasma there may be derived fibrin and serum, without the cellular 
elements. Fibrin thus obtained is a white or buff-coloured stringy substance, 
and when observed, in the course of formation, under the microscope, shows a 
meshwork of fine fibrils. After exposure to the air for some time it becomes 


* Recent observations tend to show that the endothelial lining of the vessels and the 
blood corpuscles are of hypoblastic origin. 
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hard, dry, brown and brittle. It is one of the class of coagulated proteids, 
insoluble in hot or cold water, saline solution, aleohol, or ether. Under the 
action of dilute hydrochloric acid it swells up but does not dissolve, but, when 
thus swollen, is readily dissolved by a solution of pepsin. 

Serum, with the exception of its proteids, has a composition identical with that 
of plasma. The fibrinogen, characteristic of plasma, has disappeared, and the 
fibrin ferment or thrombin is found instead, together with the serum albumin and 
serum globulin which are not involved in the process of coagulation. 

The relation of the various constituents of the blood to each other may be 
easily understood by a reference to the subjoined plan. 

Corpuscles 
. » Clot 
Blood ; Fibrin | 
| Plasma Í 
Serum 


Gases of the Blood.—When blood is exposed to the vacuum of an air-pump, 
roo volumes are found to yield about 6o volumes of gas. The gases present are 
carbon dioxide, oxygen and nitrogen, and they occur in the following proportions 
in arterial and venous blood : 


Carbon dioxide Oxygen Nitrogen 
Arterial blood . . 40 vols. 20 vols. T to 2 vols. 
Venous blood . . 46 to 50 vols. 10 to 12 vols. t to 2 vols. 


The greater quantity of the oxygen is in loose chemical combination with the 
hemoglobin of the red corpuscles. The carbon dioxide exists in combination for 
the most part as sodium bicarbonate and carbonate. The nitrogen is in simple 
solution in the plasma. 

Blood Crystals.— Hemoglobin, as already stated, readily crystallises when 
separated from the blood corpuscles. In human blood the crystals are elongated 
prisms (fig. 6, A), and in the majority of animals belong to the rhombic system, 
though in the squirrel hexagonal plates are met with. Small brown prismatic 


Fic. 6.—-Blood-crystals, 
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A. Hemoglobin crystals from human blood. B. Hæmin crystals from blood treated with acetic acid, 
c. Hematoidin crystals from an old apoplectic clot. 


crystals of henvin (fig. 6, B) may be obtained by mixing dried blood with commor 
salt and boiling with a few drops of glacial acetic acid. A drop of the mixture 
on a slide will show the characteristic crystals on cooling. Hematoidin crystals 
(fig. 6, c) occur sometimes in old blood clots. 


LYMPH AND CHYLE 


Lymph is a transparent, colourless or slightly yellow fiuid, which is conveyed 
by a set of vessels, named lymphatics, into the blood. These vessels arise in 
nearly all parts of the body as lymph capillaries. They take up the blood plasma 
which has exuded from the blood capillaries into the tissue spaees where it has 
nourished the tissue elements, and return it into the veins close to the heart, 
there to be mixed with the mass of blood. The greater number of these lym- 
phatics empty themselves into one main duct, the thoracic duct, which passes 
upwards along the front of the spine and opens into the large veins on the left 
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side of the root of the neck. The remainder empty themselves into a smaller 
duct which terminates in the corresponding veins on the right side of the neck. 

Lymph, as its name implies, is a watery fluid of sp. gr. about r’ors, closely 
resembling the blood plasma, but more dilute, containing only about 5 per cent. 
of proteids and rı per cent. of salt and extractives. When examined under the 
microscope, leucocytes of the lymphocyte class are found floating in the trans- 
parent fluid. They are always increased in number after the passage of the 
lymph through lymphoid tissue, as in lymphatic glands. They are constantly 
furnishing a fresh supply of colourless corpuscles to the blood. 

Chyle is an opaque, milky-white fluid, absorbed by the villi of the small 
intestine from the food, and carried by a set of vessels similar to the lymphatics, 
named lacteals, to the commencement of the thoracic duct, where it is intermingled 
with the lymph and poured into the circulation through the same channels. ` It 
must be horne in mind that these two sets of vessels, lymphatics and lacteals, 
though differing in name, are identical in structure, and that the character of the 
fluid they convey is different only while digestion is going on. At other times 
the lacteals convey a transparent, nearly colourless lymph. 

Chyle exactly resembles lymph in its physical and chemical properties, except 
that it has, in addition to the other constituents of lymph, a quantity of finely 
divided fatty particles, the so-called ‘molecular basis of chyle’ to which the 
milky appearance is due. It contains a little more proteid than lymph, but 
the chief difference lies in the large quantity of fats, soaps, lecithin and choles- 
terin which are found in the chyle. Lymph and chyle, containing, as they do, 
fibrinogen in solution and leucocytes, clot on removal from the body, the 
coagulum being free from ved cells, and presenting a clear or whitish jelly-like 
appearance, 


EPITIHELIOM 


All the surfaces of the hody-—the external surface of the skin, the internal 
surface of the digestive, respiratory, and genito-urinary tracts, the closed serous 
cavities, the inner coat of the vessels, the acini and ducts of all secreting and 
excreting glands, the ventricles of the brain and the central canal of the spinal 
cord—are covered by one or more layers of simple cells, called epithelium or 
epithelial cells. These cells are also present in the terminal parts of the organs 
of special sense, and in some other structures, as the pituitary and thyroid 
hodies. They serve various purposes, forming in some cases a protective layer, 
in others acting as agents in secretion and excretion, and again in others being 
concerned in the elaboration of the organs of special sense. Thus, in the skin, 
the main purpose served by the epithelium (here called the epidermis) is that 
of protection. As the surface is worn away by the agency of friction or change 
of temperature new cells are supplied, and thus the surface of the true skin and 
the vessels and nerves which it contains are defended from damage. In the 
gastro-intestinal mucous membrane and in the glands, the epithelial cells appear 
to be the principal agents in separating the secretion from the blood or from the 
alimentary fluids. In other situations (as the nose, fauces, and respiratory 
passages) the chief office of the epithelial cells appears to be to maintain an 
equable temperature by the moisture with which they keep the surface always 

slightly lubricated. in the serous cavities 
Fira. 7.—Simple pavement epithelium. they also keep the opposed layers moist, 
and thus facilitate their movements on 
each other. Finally, in all internal parts 
they insure a perfectly smooth surface. 

Epithelium consists of one or more layers 
of cells, united together by an interstitial 
cement substance, supported on a basement 
membrane, and is naturally grouped into two 
classes according as to whether there is a 
single layer of cells (simple epithelium) or 
more than one (stratified epithelium). A 
third variety (transitional epithelium) is that 
in which cells, in three or four layers, are so fitted together that the appearance 
18 not one of distinct stratification. The different varietics of simple epithelium 
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are generally spoken of as squamous or pavement, columnar, glandular or 
spheroidal, and ciliated. 

The parement epithelium (fig. 7) is composed of flat, nucleated scales of 
different shapes, usually polygonal, and varying in size. These cells fit together 
by their edges, like the tiles of a mosaic pavement. The nucleus is generally 
flattened, but may be spheroidal. The flattening depends upon the thinness of 
the .cell. The protoplasm of the cell presents a fine reticulum or honeycombed 
network, which gives to the cell the appearance of granulation. This kind of 
epithelium forms the lining of the air-cells of the lungs. The endothelium, which 
covers the serous membranes, and which lines the heart, blood-vessels, lymphatics, 
and the anterior chamber of the eye, is also of the pavement type, being composed 
of a single layer of flattened transparent squamous cells, joined edge to edge in 
such a manner as to form a membrane of cells. Endothelium differs from 
epithelium in that it originates {rom the embryonic mesoblast, while epithelium 
arises, aS a rule, from the epiblast or hypoblast. 

The columnar or cylindrical epithelium (fig. 8) is formed of cylindrical or 
rod-shaped cells set together so as to form a complete layer, resembling, when 
viewed in profile, a palisade. The cells have a prismatic figure, more or less 


Fie. 9.—Goblet cells. 
Fic..8.—Columnar epitheliuin fron: an (From Kirke’s ‘ Phy- 
intestinal villus. siology.’) 
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flattened from mutual pressure, and are set upright on the surface on which they 
are supported. Their protoplasm is always more or less reticulated, and tine 
longitudinal stri may be seen init. They possess a nucleus which is oval in 
shape and contains an intranuclear network. 

This form of epithelium covers the mucous membrane of nearly the whole 
gastro-intestinal tract and the glands of that part, the greater part of the urethra, 
the vas deferens, the prostate, Cowper’s glands, Bartholini’s glands, and a portion 
of the uterine mucous membrane. In a modified form it also covers the ovary. 

Goblet or chalice cells are a modification of the columnar cell. They appear 
to be formed by an alteration in shape of the columnar epithelium (ciliated or 
otherwise) consequent on the formation of granules 
which consist of a substance called mucigen in the 
interior of the cell. This distends the upper part of 
the cell, while the nucleus is pressed down towards 
its deep part, until the cell bursts and the mucus is 
discharged on to the surface of the mucous mem- 
brane (as shown in fig. 9), the cell then assuming 
the shape of an open cup or chalice. 

The glandular or spheroidal epithelium (fig. 10) 
is composed of spheroidal or polyhedral ceils, but 
the cells may be columnar or cubical in shape in 
some situations. Like other forms of epithelial cells, 
the protoplasm is a fine reticulum, which gives to 
the cells the appearance of granulation. They are 
found in the terminal recesses of secreting glands, 
and the protoplasm of the cells usually contains the matevials which the cells 
secrete. - 

Ciliated epithelium (fig. 11) may be of any of the preceding forms, but generally 
inelines to the columnar shape. It is distinguished by the presence of minute 
processes, which are direct prolongations of the cell-protoplasm, like hairs or 
eyelashes (cilia) standing up from the free surface. If the cells arc examined 


IIc. 10.—Spheroidal epithe- 
lium. Magnified 250 times. 
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during life or immediately on removal from the living body (for which in the 

human subject the removal of a nasal polypus offers a convenient opportunity) 

in a weak solution of salt, the cilia will 

Pic. 11.—Ciliated epithelium from the be seen in lashing motion; and if the 

human trachea. Magnified 350 times. cells are.separate, they will often be seen 

, to be moved about in the field by this 
motion. 

The situations in which ciliated epi- 
thelium is found in the human body are : 
the respiratory tract from the nose down- 
wards to the smallest ramifications of the 
bronchial tubes, except a part of the 
pharynx and the surface of the vocal 
cords; the tympanum and Eustachian 
tube ; the Fallopian tube and upper por- 
tion of the uterus; the vasa efferentia, 
coni vasculosi and the first part of the 
a. Innermost layers of the elastic longitudinal fibres. excretory duct of the testicle ; and the 

b. Homogeneous innermost layer of the mucous ventricles of the brain and cential canal 
membrane, cĉ. Deepest round cells. d. Middle elou- ‘ 
gated cells. e. Superficial cells, bearing cilia. of the spinal cord. 
_ Stratified epithelium (fig. 13) consists 
of several layers of cells superimposed one on the top of the other and varying 
greatly in shape. The cells of the deepest layer are for the most part columnar 





Fic. 12.—Epithelial cells from the oral cavity of man. Magnified 350 times. 





a. Large. b. Middle sized. c. The same with two nuclei, 


Fie. 13.— Stratified epi- | Fic. 14.—Portion of epidermis from a section of the skin 
thelium from the ceso- of the finger. (Ranvier.) From Schafer’s ‘ Essentials 
phagus. of Histology.’) 
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in shape, and as a rule form 
a single layer, placed ver- 
tically on the supporting 
membrane ; above these are 
several layers of spheroidal cells, which as they approach the surface become 
more and more compressed, until the superficial layers are found to consist of 
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flattened scales (fig. 12), the margins of which overlap one another so as to 
present an imbricated appearance. They here undergo a chemical change from 
the conversion of their protoplasm into a horny substance (keratin). 

Certain cells found in the deeper layers of stratified epithelium, and termed 
prickle cells (fig. 14), constitute a variety of squamous epithelium. These cells 
possess short, fine fibrils, which pass from their margins to those of neighbourin 
cells, serving to connect them together. They are not closely connected together 
by cement-substance, but are separated from each other by intercellular channels, 
across which these fine fibrils may be seen bridging, and this gives to the cell, 
when isolated, the appearance of , 
being covered over with a number of Fic. 15,—Transitional epithelium. 
short spines, in consequence of the ST 
fibrils being broken through. They 
were first described by Max Schultze 
and Virchow, and it was believed by 
them that the cells were dovetailed 
together. Subsequently this was 
shown not to be so by Martyn, who 
pointed out that the prickles were 
attached to each other by their apices; 
and recently Delépine has stated that he believes the prickles of prickle cells are 
parts of fibrils forming internuclear bundles between the nuclei of the cells of 
an epithelium in a state of active growth (see page 5, and fig. 2), 

ransitional epithelium occurs in the ureters and urinary bladder. Here the 
cells of the most superficial layer are cubical, with depressions on their under 
surfaces, which fit on to the rounded ends of the cells of the second layer, which 
are pear-shaped, the apices touching the basement-membrane. Between their 
tapering points is a third variety of cells, filling in the intervals between them, 
and of smaller size than those of the other two layers (fig. 15). 





CONNECTIVE TISSUES 


The term connective tissue includes a number of tissues which possess this 
feature in common, viz. that they serve the general purpose in the animal 
economy of supporting and connecting the tissues of the body. These tissues 
may differ considerably from each other in appearance, but they present never- 
theless many points of relationship, and are moreover developed from the same 
layer of the embryo, the mesoblast. They are divided into three great groups : 
(1) the connective tissues proper, (2) cartilage, and (3) bone. _ Blood, which has 
alveady been described, is, strictly speaking, a form of connective tissue, and is so 
dealt with by many histologists. 


THe Connective Tissues PROPER 


Several forms or varieties of connective tissue are recognised : (1) Areolar 
tissue. (2) White fibrous tissue. (3) Yellow elastic tissue. (4) Mucous tissue, 
(5) Retiform tissue. They are all composed of a homogeneous matrix, in which 
are embedded cells and fibres—the latter of two kinds, white and yellow or 
elastic. The distinction between the different forms of tissue depends upon the 
relative preponderance of one or other kind of fibre, of cells, or of matrix. 

Areolar tissue (fig. 16) is so called because its meshes are easily distended, 
and thus separated into areolæ or spaces, which open freely into each other, and are 
consequently easily blown up with air, or permeated by fluid, when injected into 
any part of the tissue. Such spaces, however, do not exist in the natural condition 
of the body, but the whole tissue forms one unbroken membrane composed of a 
number of interlacing fibres, variously superimposed. Hence the term ‘the 
cellular membrane’ is in many parts of the body more appropriate than its more 
modern equivalent. The chief use of the areolar tissue is to bind parts together ; 
while by the laxity of its fibres, and the permeability of its areole, it allows them 
to move on each other, and affords a ready exit for inflammatory and other 
effused fluids. It is one of the most extensively distributed of all the tissues. 
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It is found beneath the skin, in a continuous layer all over the body; con- 
necting it to the subjacent parts. In the same way it is situated beneath the 
mucous and serous membranes. It is also found between museles, vessels, 
and nerves, forming investing sheaths for them, and connecting them with 
surrounding structures. In addition to this, it is found in the interior of organs, 
binding together the various lobes and lobules of the compound glands, the 
various coats of the hollow viscera, and the fibres of muscles &c., and thus forms 
one of the most important connecting media of the various structures or organs 
of which the body is made up. In many parts the areole or imnterspaces of 
areolar tissue are occupied by fat-cells, constituting adipose tissue, which will 
presently be described. | } 
Aveolar tissue presents to the naked eye a flocculent appearance, somewhat like 
spun-silk. When stretched out, it is seen to consist of delicate soft elastic threads 
interlacing with each other in every direction, and forming a network of extreme 
delicacy. When examined under the microscope (fig. 16) it is found to be 


Fie., 16.—Subcutaneous tissue from a young rabbit. Highly magnified. (Sehiifer-) 
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composed of white fibres and yellow elastic fibres intercrossing in all directions, 
and united together by a homogeneous cement or ground substance, the matriz, 
showing cell-spaces wherein lie many cellular elertients, the connective tissue 
corpuscles ; these contain the protoplasm out of which the whole is developed and 
regenerated, 

The white fibres are arranged in waving bands or bundles of minute transparent 
homogeneous filaments or fibrilla. The bundles have a tendency to split up 
longitudinally or send off slips to join neighbouring bundles and receive others 
in return, but the individual fibres are unbranched and never join other fibres ; 
the yellow elastic fibres have a well-defined outline and are considerably larger 
in size than the white fibrilla. They vary much, being from the. 34), to the 
zou Of an inch in diameter. The fibres form bold and wide curves, branch, and 
freely anastomose with each other. They are homogeneous in appearance, and 
tend to curl up, especially at their broken ends. 

_ Connective tissue corpuscles.—The cells of areolar tissue are of three principal 
kinds : (1) Flattened lamellar cells, which may be either branched or unbranched. 
The branched laniellar cells are composed of clear cell substance, in which is 
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contained an oval nucleus. The processes of these cells unite so as to form an open 
network, as in the cornea. The unbranched cells ave joined edge to edge like the cells 
of an epithelium. The ‘tendon cells,’ presently to be described, are an example of 
this variety. (2) Granule cells, which are ovoid or spheroidal in shape, and formed 
of a soft protoplasm, containing granules which are albuminous in character and 
stain deeply with eosin. (3) Plasma cells of Waldeyer, varying greatly in size 
and form, but always to be distinguished from the other two varieties by con- 
taining a largely vacuolated protoplasm. The vacuoles are filled with fluid, and 
the protoplasm between the 

spaces is clear, with occasion- Fre. 17,-White fibrous tissue. High power. 
ally a few scattered granules. n aam 

In addition to these three 
typical forms of connective 
tissue corpuscles, areolar tissue 
may be seen to possess wander- 2S == 
any cells, i.e. leucocytes which 
have emigrated from the neigh- 
houring vessels, and in some 
Instances, as in the choroid 
coat of the eye, cells filled with 
granules of pigment (pigment- 
cells). 

The connective tissue corpuscles lie in spaces in the ground substance between 
the bundles of fibres, and these spaces may-be brought into view by treating the 
tissue with nitrate of silver and exposing it to the light. This will colour the 
ground substance and leave the cell-spaces unstained. 

White fibrous tissue (fig. 17) is a true connecting structure, and serves three 
purposes in theanimal economy. In the form of ligaments it serves to hind bones 
together ; in the form of tendons it serves to connect muscles to bones or other 
structures ; and it forms an investing or protecting structure to various organs in the 
fori of membranes. Examples of where 
it serves this latter office are to be found Fie. 18.—Connective tissue, 
in the muscular fasciæ or sheaths, the (Klein and Noble Smith.) 
periosteum, and perichondrium ; the in- : 
vestments of the various glands (such as 
the tunica albuginea testis, the capsule of 
the kidney, &c.), the investing sheath of 
the nerves (epineurium), and of various 
organs, as the penis and the eye (sheath 
of the corpora cavernosa and corpus 
spongiosum and of the sclerotic). In 
white fibrous tissue, as its name implies, 
the white tibres predominate, the matrix 
being apparent only as a cement sub- 
stance, the yellow elastic fibres compara- 
tively few, while the tissue-cells are ar- 
ranged in a special manner. It presents 
to the naked eye the appearance of silvery 
white glistening fibres, covered over with 
a quantity of loose flocculent tissue which 
binds the fibres together and carries the p Na: FN 
blood-vessels (fig. 18). It is not possessed Vie Wes RA N 
of any elasticity, and only the Very a, The white fibrous clement—a layer of more or lesa 
slightest extensibility ; it is excecdingly sharply onuiuel, pamlle wary, brndion of omno 
strong, so that upon the application of any network of fine clastic fibres, 
external violence the bone with which it is 
connected will fracture before the fibrous tissue will give way. In ligaments and 
tendons the bundles of fibres run parallel with each other; in membranes they 
intersect one another in different places. The cells found in white fibrous tissue 
are often called ‘tendon-cells.’ They are situated on the surface of groups of 
bundles and are quadrangular in shape, arranged in rows, in single file, each cell 
being separated. from its neighbours by a narrow line of cement-substance. The 
nucleus is generally situated at one end of the cell, the nucleus of the adjoining 
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cell being in close proximity to it (fig. 19). Upon the addition of acetic acid to 
white fibrous tissue it swells up into a glassy-looking indistinguishable mass. 
When boiled in water it is converted almost completely into gelatin, the white 
fibres being composed of the albuminoid collagen, which is often regarded as the 
nhydride of gelatin. 
an yellow adic tissue.—In certain parts of the body a tissue is found which 
when viewed in mass is of a yellowish colour, and is possessed of great elasticity ; 
so that it is capable of considerable extension, and when the extending force is 
withdrawn returns at once to its original condition. This is yellow elastic tissue, 
which may be regarded as a connective tissue in which the yellow elastic fibres 
have developed to the practical exclusion of the other elements. It is found in 
the ligamenta subflava, in the vocal cords, in the longitudinal coat of the trachea 
and bronchi, in the inner coats of the blood-vessels, especially the larger arteries, 
and to a very considerable extent in the thyro-hyoid, crico-thyroid, and stylo-hyoid 


Fic. 19.—Tendon of mouse’s tail, stained Fig. 20,—Yellow elastic tissue. 

e With logwood, showing chains of cells High power. 
between the tendon-bundles. (From 
Quain’s ‘Anatomy.’ E. A. Schäfer.) 
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ligaments. It is also found in the liga- 





mentum nuche of the lower animals WS 

(fig. 20). In some parts where the fibres So ZARN 

are broad and large and the network E SZS 
close, the tissue presents the appear- YA (TÉ 


ance of a membrane, with gaps or per- 

forations corresponding to the intervening spaces. This is to be found in the 
inner coat of the arteries, and to it the name of fenestrated membrane has been 
given by Henle. The yellow elastic fibres remain unaltered by acetic acid. 
Chemically they are composed of the albuminoid body, elastin. 

Vessels and Nerves of Connective Tissue.—The blood-vessels of connective tissue 
are very few—that is.to say, there are few actually destined for the tissue itself, 
although many vessels may permeate one of its forms, the areolar tissue, carrying 
blood to other structures. In white fibrous tissue the blood-vessels usually run 
parallel to the longitudinal bundles and between them, sending transverse 
communicating branches across ; in some forms, as in the periosteum and dura 
mater, they are fairly numerous. In yellow elastic tissue, the blood-vessels 
also run between the fibres, and do not penetrate them. Lymphatic vessels are 
very humerous in most forms of connective tissue, especially in the areolar tissue 
beneath the skin and the mucous and serous surfaces. They are also found in 
abundance in the sheaths of tendons, as well as in the tendons themselves. 


CONNECTIVE TISSUES 17 


Nerves are to be found in the white fibrous tissue, where they terminate in a 
special manner; but it is doubtful whether any nerves terminate in areolar 
tissue; at all events, they have not yet been demonstrated, and the tissue is 
possessed of very little sensibility. 

Development of Connective Tissue.—-Connective tissue is developed from 
embryonic connective-tissue cells derived- from the mesoblast. These cells, at 
first rounded, become fusiform and branched, and ultimately connective-tissue 
corpuscles. A mucinous intercellular substance or matrix, partly derived from 
the cells themselves and partly from the lymph exuded by the neighbouring blood- 
vessels, gradually separates the cells. In the matrix the fibres are deposited, 
probably under the influence of the cells, but not by any transformation of the 
cell protoplasm. In the case of yellow elastic fibres, rows of granules of elastin 
are first laid down; these eventually fuse into the fully developed fibre. 

Mucous tissue exists chiefly in the ‘jelly of Wharton,’ which forms the 
bulk of the umbilical cord, but is also found in other situations in the foetus, 
chiefly as a stage in the development of connective tissue, It consists of m 
matrix, largely made up of mucin, in which are nucleated cells with branching 


Fre. 21.—Mucous tissue from the umbilical cord of the human fetus (four months). 





and anastomosing processes (fig. 21). Few fibres are seen in typical mucous 
tissue, though, at birth, the umbilical cord shows considerable development of 
fibres. In the adult the vitreous humour of the eye is a persistent form of 
mucous tissue, in which there are no fibres, and from which the cells have dis- 
appeared, leaving only the mucinous ground substance. 

Retiform or reticular connective tissue (fig. 22) is found extensively in many 
parts of the body, constituting the framework of some organs and entering into the 
construction of many mucous membranes. Itis a variety of connective tissue, in 
which the intercellular or ground substance has, in a great measure, disappeared, 
and has been replaced by fluid. It is apparently composed almost entirely of 
extremely fine bundles of white fibrous tissue, forming an intricate network, and 
chemically it yields gelatin. The fibres are covered and concealed in places by 
flattened branched connective-tissue cells. In many situations the interstices of 
the network are filled with rounded lymph-corpuscles, and the-tissue is then 
termed lymphoid or adenoid tissue (see fig. 78). 

Basement membranes, formerly described as homogeneous membranes, are 
really a form of connective tissue. They constitute the supporting membrane, or 
membrana propria, on which is placed the epithelium of mucous membranes or 
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secreting glands, and are also found in other situations. By means of staining 
with nitrate of silver they may be shown to consist of flattened cells in close, 
apposition, and joined together by their edges, thus forming an example of an 
epithelioid arrangement of connective-tissue cells. In some situations the cells, 


Fra. 22.—Retiform connective tissue, from a lyrmphatic gland. 
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instead of adhering by their edges, give off branching processes, which join with 
similar processes of other cells and so form a network, rather than a continuous 
membrane. In other instances basement membranes are composed of elastic 
tissue, as in the cornea, or, again, in other cases, of condensed ground substance. 


ADIPOSE TISSUE 


In almost all parts of the body the ordinary areolar tissue contains a variable 
quantity of fat. The principal situations where it is not found are the sub- 
cutaneous tissue of the eyelids, the penis and scrotum, the nymph, within the 
cavity of the cranium, and in the lungs, except near their roots. Nevertheless its 





a, Starlike appearance, from erystallisation of fatty acids. 


distribution is not uniform; in some parts it is collected in great abundance, as 
in the subcutaneous tissue, especially of the abdomen ; around the kidneys ; on the 
surface of the heart between the furrows, and in some other situations. Lastly, 
fat enters largely into the formation of the marrow of bones, A distinction must 
be made between fat and adipose tissue; the latter being a distinct tissue, the 
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former an oily matter, which in addition to forming adipose tissue is also widely 
present in the body, as in the fat of the brain and liver, and in the blood, chyle, &e. 

Adipose tissue consists of small vesicles, fat-cells, lodged in the meshes of 
areolar tissue. The fat-cells (fig. 23) vary in size, but are of about the average 
diameter of 545 of an inch. They 


are formed of an exceedingly deli- Fig. 24.—Development of fat. (Klein and 


cate protoplasmic membrane, filled Noble Smith.) 
with fatty matter, which is liquid p 
during life, but becomes solidified 
after death. They are round or 
spherical where they have not been 
subjected to pressure; otherwise 
they assume a more or less angu- 
lar outline. A nucleus is always 
present and can be easily demon- 
strated by staining with hæma- 
toxylin ; in the natural condition 
it 18 so compressed by the con- 
tained oily matter as to be scarcely 
recognisable. These fat-cells are 
contained in clusters in the areola 
of fine connective tissue, and are 
held together mainly by a network | l j 
of capillary blood-vessels, which a, Minute artery. p, Minute vein. c. Capillary blood-vessels in 
: 1" the course of tormation; they are not yet completely hollowed 
are distributed to them. out, there being still left in them protoplasmic septa. e. The 
_ Chemically the oily material «rir! substance, containing nmerous umeleated ecl some 
in the cells is composed of the others, awl appear therefore more spindle-shaped. 
fats, olein, palmitin, and stearin, 
which are glycerin compounds with fatty acids. Sometimes fat erystals form in 
the cells after death (fig. 23, a). By boiling the tissue in ether or strong alcohol, 
the fat may be extracted froin the vesicle, which is then seen empty and shrunken. 
Fat is said to be first detected in the human embryo about the fourteenth 
week. The fat-cells are formed by the transformation of connective-tissue 
corpuscles, in which small droplets of oil are formed ; these coalesce to produce a 
larger drop, and this increases until it distends the corpuscle, the remaining 
protoplasm and the nucleus being displaced towards the periphery of the cell 


(fig. 24). 





PIGMENT 


In various parts of the body pigment is found ; most frequently in epithelial 
cells and in the cells of connective tis- 
sue. Pigmented epithelial cells are found 
in the external layer of the retina and 
on the posterior surface of the iris. Pig- 
ment is likewise found in the epithelial 
cells of the deeper layers of the cuticle 
in some parts of the body—such as the 
areola of the nipple and in coloured 
patches of skin and especially in the 
skin of the coloured races, and in hair. 
It is also found in the epithelial cells 
of the olfactory region, and of the mem- 
branous labyrinth of the ear. 

In the connective-tissue cells pigment 
is frequently met with in the lower ver- 
tebrates. In man it is found in the 
choroid coat of the eye (fig. 25), and in 
the iris of all but the light blue eyes 
and the albino, It is also occasionally 
met with in the cells of retiform tissue 
and in the pia mater of the upper part . 
of the spinal cord. These cells are characterised by their large size and 
branched processes, which, as well as the body of the cells, are tiled with 


Fic. 25.—-Pigment-cells from the choroid 
coat of the cyeball. 
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‘anules. The pigment consists of dark brown or black granules of very small 
ae or T Pa together within the cells, but not invading the nucleus. 
Occasionally the pigment is yellow, and when occurring in the cells of the cuticle 
constitutes ‘ freckles.’ 


CARTILAGE 


Cartilage is a non-vascular structure which is found in various parts of the 
hody—in adult life chiefly in the joints, in the parietes of the thorax, and in 
various tubes, such as the air-passages, nostrils, and ears, which are to be kept 
permanently open. In the fœtus, at an early period, the greater part of the 
skeleton is cartilaginous. As this cartilage is afterwards replaced by bone, it is 
called temporary, in contradistinction to that which remains unossified during 
the whole of life, and which is called permanent. i 

Cartilage is divided, according to its minute structure, into hyaline cartilage, 
white fibro-cartilage, and yellow or elastic fibro-cartilage. Besides these varieties 
met with in the adult human subject, there is a variety called cellular cartilage, 
which consists entirely, or almost entirely, of cells, united in some cases by a net- 
work of very fine fibres, in other cases apparently destitute of any intercellular 
substance. This is found in the external ear of rats, mice, and some other 
animals, and is present in the chorda dorsalis of the human embryo, but is not 
found in any other human structure. The various cartilages in the body are also 
classified, according to their function and position, into articular, interarticular, 
costal, and membraniform. 

Hyaline cartilage, which may be taken as the type of this tissue, consists of a 
gristly mass of a firm consistence, but of considerable elasticity and of a pearly- 

bluish colour. Except where it 

Fic. 26.—Human cartilage-cells from the coats the articular ends of bones, 
it is covered externally by a fibrous 
membrane, the perichondrium, from 
the vessels of which it imbibes its 
nutritive fluids, being itself desti- 
tute of blood-vessels. It contains 
no nerves. Its intimate structure 
is very simple. If a thin slice is 
examined under the microscope, it 
will be found to consist of cells of 
a rounded or bluntly angular form, 
lying in groups of two or more in 
a granular or almost homogeneous 
matrix (fig. 26). The cells, when arranged in groups of two or more, have 
generally a straight outline where they are in contact with each other, and 
in the rest of their circumference are rounded. The cell-contents consist of 
clear translucent protoplasm, in which fine interlacing filaments and minute 
granules may sometimes be seen ; embedded. in this are one or two round nuclei, 
having the usual intranuclear network. The cells are embedded in cavities in 
the matrix, called cartilage lacune; around these the matrix is arranged in 
concentric lines, as if it had been formed in successive portions around the 
cartilage cells. This constitutes the so-called capsule of the space. Each lacuna 
is generally occupied by a single cell, but during the division of the cells it may 
contain two, four, or eight cartilage-cells. By exposure to the action of an 
electric shock the cell assumes a jagged outline and shrinks away from the 
interior of the capsule. 

The matrix is transparent and apparently without structure, or else presents 
a dimly granular appearance, like ground glass. Some observers have shown 
that the matrix of hyaline cartilage, and especially the articular variety, after 
prolonged maceration, can be broken up into fine fibrils. These fibrils are prob- 
ably of the same nature, chemically, as the white fibres of connective tissue. 
It is believed by some histologists that the matrix is permeated by a number 
of tine channels, which connect the lacuns with each other, and that these canals 
communicate with the lymphatics of the perichondrium, and thus the structure 


is permeated with a current. of nutrient fluid. This, however, is somewhat 
doubtful. 
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Articular cartilage, costal cartilage, and temporary cartilage are all of the 
hyaline variety. They present minute differences in the size and shape of their 
cells and in the arrangement of their matrix. In articular cartilage, which 
shows no tendency to ossification, the matrix is finely granular under a high 
power ; the cells and nuclei are small, and are disposed parallel to the surface in 
the superficial part, while nearer to the bone they become vertical. Articular 
cartilages have a tendency to split in a vertical direction; in disease this tendency 
becomes very manifest. Articular cartilage is not covered by perichondrium, on 
its free surface, where it is exposed to friction, though a layer of connective tissue 
can be traced in the adult over a small part of its circumference continuous with 
that of the synovial membrane, and here the cartilage-cells are more or less 
branched and pass insensibly into the branched connective-tissue corpuscles of 
the synovial membrane. 

Articular cartilage forms a thin incrustation upon the joint-surfaces of the 
bones, and its elasticity enables it to break the force of any concussion, while its 
smoothness affords ease and freedom of movement. It varies in thickness accord- 
ing to the shape of the articular surface on which it lies; where this is convex 
the cartilage is thickest at the centre, where the greatest pressure is received ; 
and the reverse is the case on the 
concave articular surfaces. Articular Fie. 27.—Costal cartilage from a man 
cartilage appears to derive its nutri- seventy-six years of age, showing the 
ment partly from the vessels of the developnient of fibrous structure in the 
neighbouring synovial metnbrane,partly mix. In several portion af the specimen 
from those of the bone upon which it is enclosed in a parent cell-wall. High power. 
implanted. Toynbee has shown that 
the minute vessels of the cancellous 
tissue as they approach the articular 
lamella dilate and form arches, and then 
return into the substance of the bone. 

In costal cartilage the cells and 
nuclei are large, and the matrix has m 
tendency to fibrous striation, especially 
in old age (fig. 27). In the thickest 
parts of the costal cartilages a few large 
vascular channels may be detected. 
This appears, at first sight, to be an 
exception to the statement that cartilage 
is @ non-vascular tissue, but is not so 
really, for the vessels give no branches 
to the cartilage substance itself, and 
the channels may rather be looked upon 
as involutions of the perichondrium. 
The ensiform cartilage may be regarded as one of the costal cartilages, and the 
cartilages of the nose and of the larynx and trachea (except the epiglottis and 
cornicula laryngis, which are composed of elastic fibro-cartilage) resemble them 
in microscopical characters. a l 

Temporary cartilage and the process of its ossification will be described with 
bone. 

The hyaline cartilages, especially in adult and advanced life, are prone to 
calcify—that is to say, to have their matrix permeated by the salts of lime without 
any appearance of true hone. The process of calcification occurs also and still 
more frequently, according to Rollett, in such cartilages as those of the trachea 
and in the costal cartilages, which are prone afterwards to conversion into true 
bone. 

White fibro-cartilage consists of a mixture of white fibrous tissue and cartila- 
ginous tissue in various proportions ; it is to the first_of these two constituents 
that its flexibility and toughness are chiefly owing, and.to the latter its elasticity. 
When examined under the microscope it is found to be made up of fibrous connec- 
tive tissue arranged in bundles, with cartilage-cells between the -bundles ; these 
to a certain extent resemble tendon-cells, but may ke distinguished from them by 
being surrounded by a concentrically striated area of cartilage matrix and by their 
being less flattened (fig. 28). The fibro-cartilages admit of arrangement into four 
groups—interarticular, connecting, circumferential, and stratiform. 
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1. The interarticular fibro-cartilages (menisci) ave flattened fibro. cartilaginous 
lates, of a round, oval, triangular, or sickle-like form, interposed between the 
articular cartilages. of certain joints. They are free on both surfaces, thinner 
towards their centre than at their circumference, and held in position by the 
attachment of their margins and extremities to the surrounding ligaments. The 
synovial membrane of the joint is prolonged over them a short distance from 
their attached margins. They 
Fic. 28.— White fibro-cartilage from an are found in the temporo- 
intervertebral disc. mandibular, sterno-clavicu- 
lar, acromio-clavicular, wrist 
and knee joints. These car- 
tilages are usually found in 
those joints which are most 
exposed to violent concus- 
sion and subject to frequent 
movement. Their use is— 
to maintain the apposition 
of the opposed surfaces in 
their various motions; to 
increase the depth of the 
articular surfaces and give 
ease to the gliding move- 
ment ; to moderate the effects 
a great pressure and deaden 
the intensity of the shocks 
to which the parts may be subjected. Humphry has pointe out that these 
a nbro-cat ae serve o important purpose in increasing the variety 
of movements in a joint. Thus, im the knee-joint, there are two kinds of motion, 
viz. angular movement and rotation, slough it is a hinge joint, in which, as 
a rule, only one variety of motion is permitted ; the former movement takes place 
between the condyles of the femur and the interarticular cartilage, the latter 
between the cartilage and the head of the tibia. So, also, in the temporo- 
mandibular joint, the up- 
Fia. 29.— Yellow cartilage, ear of horse. ward and Ne ee 
High power. ment of opening and shut- 
ting the mouth takes place 
between the fibro-cartilage 
and the jaw-hone, the grind- 
ing movement between the 
glenoid cavity and the fibro- 
cartilage, the latter moving 

with the jaw-bone. 

2. The connecting fibro- 
cartilages are interposed be- 
tween the bony surfaces of 
those joints which admit 
of only slight mobility, as 
between the bodies of the 
vertebree and between the 
pubic bones. They form 
discs, which adhere closely 
D e oe _ to both of the opposed sur- 
Tatas os composed of concentric rings of fibrous tissue, with cartilaginous 
fife one oad tee he aoe tissue predominating towards the circumference, 

3. The circumferential fibro-cartilages consist of a rim of fibro-cartilage 
which surrounds the margin of some of the articul ti h loid 
cavity of the hip, and om id i should oe as: THEROOILGL 

C ; glenoid cavity of the shoulder; they serve to deepen 
the articular surface, and to protect its edges. 

4. The stratiform fibro-cartilages are those which form a thin coating to osseous 
grooves through which the tendons of certain muscles glide. Small masses of fibro- 
cartilages are also developed in the tendons of some muscles, where they glide 
over bones, as in the tendons of the Peroneus longus and the Tibialis posticus. 
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Yellow oy elastic fibro-cartilage is found in the human bod y in the auricle of 
the external ear, the Eustachian tubes, the cornicula laryngis, and the epiglottis. 
It consists of cartilage-cells and a matrix, the latter being pervaded: in every 
direction, except numediately avound each cell, where there is a variable amount 
of non-fibrillated hyaline, intercellular substance, by a network of yellow elastic 
fibres, branching and anastomosing in all directions (lig, 29). The fibres resemble 
those of yellow elastie tissue, both in appearance and in being unatfected by 
hectic acid; and aceording to Rollett their continuity with the elastic fibres of 
the neighbouring tissue admits of being demonstrated. 

The distinguishing feature of cartilage as to its chemical composition, is that 
it yields on boiling a substance called chondrin, very similar to gelatin, but 
(differing from it in several of its reactions. It is now believed that chondvin is 
not a simple body, but a mixture of gelatin with mucinoid substances, chief among 
Which, perhaps, is a compound termed ehondro-mucoid. 


BONE 


Structure and Physical Properties of Bone.—Bone is one of the hardest 
structures of the animal body ; it possesses also a certain degree of toughness 
and elasticity. Its colour, in a fresh state, is pinkish white externally, and 
deep.red within. On examining a section of any bone, it is seen to be composed 
of two kinds of tissue, one of which is dense in texture, like ivory, and is termed 
compact tissue ; the other consists of slender fibres and lamell#, which join to 
form n» reticular structure ; this, from its resemblance to lattice-work, is called 
cancellous tissue. The compact tissue is always placed on the exterior of the bone: 
the cancellous is always internal. The relative quantity of these two kinds of 
tissue varies in different bones, and in different parts of the same bone, as strength 
or lightness is requisite. Close examination of the compact tissue shows it to be 
extremely porous, so that the difference in structure between it and the cancellous 
tissue depends merely upon the different amount of solid matter, and the size and 
number of spaces in each ; the cavities being small in the compact tissue and the 
solid matter between them abundant, while in the cancellous tissue the spaces. 
are large and the solid matter is in smaller quantity. 

Bone during life is permeated by vessels and is enclosed, except where it is 
coated with articular cartilage, in a fibrous membrane, the periosteum, by means 
of which many of these vessels reach the hard tissue. If the periosteum is 
stripped from the surface of the living bone small bleeding points are seen, which 
mark the entrance of the periosteal vessels ; and on section during life, every part 
of the bone will be seen to exude blood from the minutė vessels which ramify in 
it. The interior of the bones of the limbs presents a cylindrical cavity filled with 
marrow and lined by a highly vascular areolar structure, called the medullary 
membrane or internal periosteum, which, however, is rather the areolar envelope 
of the cells of the marrow, than a definite membrane. 

The periosteum adheres to the surface of the bones in nearly every part, 
excepting at their cartilaginous extremities. When strong tendons or ligaments 
are attached to the bone, the periosteum is incorporated with them. It consists 
of two layers closely united together, the outer one formed chiefly of connective 
tissue, containing occasionally a few fat-cells; the inner one, of elastic fibres 
of the finer kind, forming dense membranous networks, which can be again 
separated into several layers. In young bones the periosteum is thick and very 
vascular, and is intimately connected at either end of the bone with the epiphy- 
sial cartilage, but less closely with the shaft, from which it is separated by a 
layer of soft tissue, containing a number of granular corpuscles or ‘osteoblasts, 
in which ossification proceeds on the exterior of the young bone.. Later in life 
the periosteum is thinner, less vascular, and the osteoblasts have become con- 
verted into an epithelioid layer, separated from the rest of the periosteum in 
many places by cleft-like spaces, which ave supposed to serve for the trans- 
mission of lymph. The periosteum serves as a nidus for the ramification of the 
vessels previous to their distribution in the bone; hence the lability of bone to 
exfoliation or necrosis, when denuded of this membrane by injury or disease. 
Fine nerves and lymphaties, which generally accompany the arteries, may also 
be demonstrated in the periosteum., _ 

The marrow not only fills up the cylindrical cavity in the shafts of the long 
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bones, but also occupies the spaces of the cancellous tissue and extends into the 
larger bony canals (Haversian canals) which contain the blood-vessels. It differs 
in composition in different bones. In the shafts of adult long bones the marrow 
is of a yellow colour, and contains, in 100 parts, 96 of fat, 1 of areolar tissue and 
vessels, and 3 of fluid, with extractive matter, and consists of a basis of connective 
tissue, supporting numerous blood-vessels and cells, most of which are fat-cells, 
but some are ‘ marrow-cells,’ such as occur in the red marrow, to be immediately 
described. In the flat and short bones, in the articular ends of the long bones, in 
the bodies of the vertebre, in the cranial diploé, and in the sternum and ribs, it 
is of a red colour, and contains, in roo parts, 75 of water and 25 of solid matter, 
consisting of cell-globulin, nucleo-proteid, extractives, salts, and only a small pro- 
portion of fat. The red marrow consists of a small quantity of connective tissue, 
blood-vessels, and numerous cells (fig. 30), some few of which are fat-cells, but 
the great majority are roundish nucleated cells, the true ‘marrow-cells’ of 
Kölliker. These marrow-cells proper, or myelocytes, resemble in appearance 
lymphoid corpuscles, and like them are amoeboid ; they generally have a hyaline 
protoplasm, though some show granules either oxyphile or basophile in reaction. 


Fic. 30.— Human bone-marrow. 
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marrow, but more particularly in red marrow. They were believed by Kölliker 
to be concerned in the absorption of bone-matrix, and hence the name which he 
gave to them—osteoclasts, They excavate small shallow pits or cavities in the 
bone, which are named Howship's lacune, in which they are found lying. 
Vessels of Bone.—The blood-vessels of bone are very numerous. Those of 
the compact tissue are derived from a close and dense network of vessels rami- 
fying in the periosteum. From this membrane, vessels pass into the minute 
orifices in the compact tissue, and run through the canals which traverse its 
substance. The cancellous tissue is supplied in a similar way, but by less 
numerous and larger vessels, which, perforating the outer compact tissue, are 
distributed to the cavities of the spongy portion of the bone. In the long bones, 
humerous apertures may be seen at the ends near the articular surfaces, some 
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of which give passage to the arteries of the larger set of vessels referred to; but 
the most numerous and largest apertures are for the veins of the cancellous 
tissue, which run separately from the arteries. The medullary canal in the shafts 
of the long bones is supplied by one large artery (or sometimes more), which 
enters the bone at the nutrient foramen (situated in most cases near the centre 
of the shaft), and perforates obliquely the compact structure. The medullary 
or nutrient artery, usually accompanied by one or two veins, sends branches 
upwards and downwards, to supply the medullary membrane, which lines the 
central cavity and the adjoining canals. The ramifications of this vessel ana- 
stomose with the arteries both of the cancellous and compact tissues. “In most 
of the flat, and in many of the short spongy bones, one or more large apertures 
are observed, which transmit, to the central parts of the bone, vessels corre- 
sponding to the meat pey arteries and veins. The veins emerge from the long 
bones in three places (Kélliker)—(r) by one or two large veins, which accompany 
the artery ; (2) by numerous large and small veins at the articular extremities ; 
(3) by many small veins which arise in the compact substance. In the flat 
cranial bones the veins are large, very numerous, and run in tortuous canals in 
the diploic tissue, the sides of the canals being formed by a thin lamella of bone, 
perforated here and there for the passage of branches from the adjacent cancelli, 
The same condition is also found in all cancellous tissue, the veins being enclosed 
and supported by osseous structure, and having exceedingly thin coats. When 
the bony structure is divided, the vessels remain patulous, and do not contract 
in the canals in which they are contained. Hence the occurrence of purulent 
absorption after amputation, in those cases where the stump becomes inflamed, 
and the cancellous tissue is infiltrated and bathed in pus. 

Lymphatic vessels, in addition to those found in the periosteum, have been 
traced by Cruikshank into the substance of bone, and Klein describes them as 
running in the Haversian canals. 

Nerves are distributed freely to the periosteum, and accompany the nutrient 
arteries into the interior of the bone. They are said by Kölliker to be most 
numerous in the articular extremities of the long bones, in the vertebree, and the 
larger flat bones. 

Minute Anatomy.—The intimate structure of bone, which in all essential 
particulars is identical in the compact and in the cancellous tissue, is most easily 
studied in a transverse section from 


the compact wall of one of the long Fre. 31.—From a transverse section of the 


bones after maceration, such as is diaphysis of the humerus. Magnified 350 
shown in fig. 31. times. 

If this is examined with a rather 
low power the bone will be seen to be 
mapped out into a number of circular 
districts : each one of which consists 
of a central hole surrounded by a 
number of concentric rings. These 
districts are termed Haversian sys- 
tems ; the central hole is an Haversian 
canal, and the rings are layers of 
bone-tissue arranged concentrically 
around the central canal, and termed 
lamellæ. Moreover, on closer exami- 
nation, it will be found that between 
these lamellae, and therefore also 
arranged concentrically around the 
central canal, are a number of little 
dark specks, the lacung, and that 
these lacunæ are connected with each in 
other and with the central Haversian a. Haversian canals. 6. Lacune, with their canaliculi in 
Sener OF NOM ee eed Olteee at ibolttthne ct ae es 
which radiate like the spokes of a systems, with canaliculi given off from oue side. 
wheel and are called canaliculi. All 
these structures—the concentric lamellæ, the lacunæ, and the canaliculi—may 
be seen in any single Haversian’ system, forming a circular district round a 
central, Haversian, canal. Between these circular systems, filling in the irregular 


je RNL 
W, 


My 
Ma 
dal 





7 GENERAL ANATOMY OR HISTOLOGY 


intervals which are left between them, ate other lamellæ, with their lacunæ and 
canaliculi, running in various directions, but more or less curved (fig. 32). These 
are termed interstitial lamellæ. Again, other lamellæ, for the most part found 


Fre. 32.-- Transverse section of compact tissue of bone. 
Magnified abont 150 diameters. (Sharpey.) 





on the surface of the bone, are arranged concentrically to the circumference of 
hone, constituting, as it were, a single Haversian system of the whole bone, 


lig. 33.—Section parallel to the sur- 
face froin the shaft of the femur. 
Magnified 100 times. 
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t, Haversian canals, b. Lacnne seen from the side, 
t. Others scet from the surface in lamcile which 
are cut horizoutally, 


by minute orifices, and those near 
into this space, so that the whole 


of which the medullary cavity would repre- 
sent the Haversian canal. These latter 
lamellæ are termed circumferential, or by 
some authors primary or fundamental la- 
mellw, to distinguish them from those laid 
down around the axis of the Haversian 
canals, which are then termed secondary or 
special lamelle. 

The Harversian canals, seen as round 
holes in a transverse section of bone at or 
about the centre of each Haversian system, 
may be demonstrated to be true canals, if a 
longitudinal section is made, as in fig. 33. 
It will then be seen that these round holes 
are tubes cut across, which run parallel 
with the longitudinal axis of the bone for a 
short distance, and then branch and com- 
municate. They vary considerably in size, 
some being as large as 54, of an inch in 
diameter; the average size being, however, 
about yg of an inch. Near the medullary 
cavity the canals are larger than those near 
the surface of the bone. Each canal con- 
tains one or two blood-vessels, with a small 
quantity of delicate connective tissue and 
some netve filaments. In the larger ones 
there are also lymphatic spaces, and 
branched cells, the processes of which com- 
municate, through the canaliculi, with the 
branched processes of certain bone cells in 
the substance of the bone. Those canals 
near the surface of the bone open upon it 


the medullary cavity open in the same way 


of the hone is permeated by a system of 
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blood-vessels running through the bony canals in the centre of the Haversian 
systems. 

The lamelle are thin plates of bone-tissue encircling the central canal, and 
may be compared, for the sake of illustration, to a number of sheets of paper 
pasted one over another around a central hollow cylinder. After macerating 
& piece of bone in dilute mineral acid, these lamella may be stripped off in a 
longitudinal direction as thin films. If one of these is examined with a high 


Fi. 34.—Lamelle torn from a decalcified human parietal bone to show the 
perforating fibres of Sharpey. (Copied from a drawing by Allen Thomson.) 
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power under the microscope it will be found to be composed of a finely reticular 
structure, presenting the appearance of lattice-work made up of very slender, 
transparent fibres, decussating obliquely, and coalescing at the points of inter- 
section so as to form an exceedingly delicate network. These fibres are com- 
posed of fine fibrils, identical with those of white connective tissue. The inter- 
cellular matrix between the fibres has been replaced by calcareous deposit which 
the acid dissolves. In many places the various lamell# may be seen to be held 
together by tapering fibres, which run obliquely through them, pinning or bolting 
them together. These fibres were first de- 
scribed by Sharpey, and were named by him Fre. 35.—-Nueleated bone-cells and 
perforating fibres (fig. 34). their processes, contained in_ the 
The lacun@ are situated between the bone-lacune and their canaliculi re- 
lamella, and consist of a number of oblong  Spectively. From a section through 
spaces. In an ordinary microscopic section yey vertebra olg na ei ce 
A Mes > — (Klein and Noble Smith.) 
viewed by transmitted light, they appear as 
dark, oblong, opaque spots, and were for- 
merly believed to be solid cells. Subse- 
quently, when it was seen that the Haversian 
canals were channels which lodge the vessels 
of the part, and the canaliculi minute tubes 
by which the plasma of the blood circulates 
through the tissue, the theory was formu- 
lated that the lacunæ were hollow spaces 
filled during life with the same fluid, and 
only lined (if lined at all) by a delicate 
membrane. But this view was eventually 
proved to be erroneous, for examination of 
the structure of bone, when recent, Jed 
Virchow to believe that the lacunsz are 
occupied during life by a branched cell, termed a bone-cell or bone-corpusele, 
the processes from which pass down the canaliculi--a view which is now 
universally accepted (fig. 35). It is by means of these cells that the fluids 
necessary for nutrition are brought into contact with the ultimate tissue of 


bone. 
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The canaliculi are exceedingly minute channels, which pass across the lamellæ 
and connect the lacunz with neighbouring lacune and also with the Haversian 
canal. From this central canal a number of canaliculi are given off, which 
radiate from it, and open into the first set of lacune arranged around the 
Haversian canal, between the first and second lamella. From these lacunæ 
a second set of canaliculi are given off, which pass outwards to the next series 
of lacunæ, and so on until they reach the periphery of the Haversian system ; 
here the canaliculi given off from the last series of lacunae do not communicate 
with the lacune of neighbouring Haversian systems, but after passing outwards 
for a short distance form loops and -return to their own lacuna. Thus every 
part of an Haversian system is supplied with nutrient fluids derived from the 
vessels in the Haversian canal and traversing the canaliculi and lacune. 

The done-celis are contained in the lacune, which, however, they do not 
completely fill. They are flattened nucleated cells, which Virchow has shown 
are homologous with those of connective tissue. The cells are branched, and the 
branches, especially in young bones, pass into the canaliculi from the lacune. 

If a longitudinal section is examined, as in fig, 33, the structure is seen to be 
the same. The appearance of concentric rings is replaced by that of lamellæ or 
rows of lacunse, parallel to the course of the Haversian canals, and these canals 
appear like half-tubes instead of circular spaces. The tubes are seen to branch 
and communicate, so that each separate Haversian canal runs only a short 
distance. In other respects the structure has much the same appearance as in 
transverse sections, 

In sections of thin plates of bone (as in the walls of the cells which form the 
cancellous tissue) the Haversian canals are absent, and the canaliculi open into 
the spaces of the cancellous tissue (medullary spaces), which thus have the same 
function as the Haversian canals in the more compact bone. 

Chemical Composition.—Bone consists of an animal and an earthy part 
intimately combined together. 

_ The animal part may be obtained by immersing the bone for a considerable 
time in dilute mineral acid, after which process the bone comes out exactly 
the same shape as before, but perfectly 

Fig. 36.—Section of bone after the re- flexible, so that a long bone (one of the: 
moval of the earthy matter by the action ribs, for example) can easily be tied in a 
of acids. knot. If now a transverse section is 
made (fig. 36), the same general arrange- 
ment of the Haversian canals, lamellæ, 
lacunæ, and canaliculi is seen, though 
not so plainly as in the ordinary section. 

The earthy part may be separately 
obtained by calcination, by which the 
animal matter is completely burnt out. 
The bone will still retain its original 
form, but it will be white and brittle, 
will have lost about one-third of its 
) original weight, and will crumble down 
with the slightest force. The earthy matter confers on bone its hardness and 
rigidity, and the animal matter its tenacity. 

The animal basis is largely composed of ossein, which is identical with the 
collagen of white fibrous tissue, so that when boiled with water, especially under 
pressure, it is almost entirely resolved into gelatin. 

The organic matter of bone forms about one-third, or 33'3 per cent. ; the 
inorganic matter, two-thirds, or 66°7 per cent. Of the earthy matter, five-sixths 
is calcium phosphate, the remainder consisting of calcium carbonate, calcium 
fluoride, calcium chloride, and magnesium phosphate, with small amounts of 
sodium chloride and sulphate. Even after the removal of ull the marrow, a small 
percentage of fat is still found in bone. 

Some of the diseases to which bones are liable mainly depend on the dispro- 
portion between the two constituents of bone. Thus in the disease called rickets, 
i common 1n the children of the poor, the bones become bent and curved, either 
rom the superincumbent weight of the body, or under the action of certain 
muscles. This depends upon some defect of nutrition by which bone becomes 
deprived of its normal proportion of earthy matter, while the animal matter is 





BONE 29 
of unhealthy quality. In the vertebra of a rickety subject, Bostock found in 
100 parts 79°75 animal and 20°25 earthy matter. 

Development of Bone.—In the foetal skeleton some bones are preceded by 
membrane, such as those forming the roof and sides of the skull ; others, such as 
the bones of the limbs, are preceded by rods of cartilage. Hence two kinds of. 
ossification are described : the intramembranous and the intracartilaginous. 

Intramembranous Ossification.—In the case of bones which are developed in 
membrane no cartilaginous mould precedes the appearance of the bone tissue. 
The membrane, which occupies the place of the future bone, is of the nature of 
connective tissue, and ultimately forms the periosteum. At this Stage it is seen 
to be composed of fibres and granular cells in a matrix. The outer portion is 
more fibrous, while, internally, the cells or osteoblasts predominate ; the whole 
tissue is richly supplied with blood-vessels. At the outset of the process of bone 
formation a little network of bony spicule is first noticed radiating from the point 
or centre of ossific tion. When these rays of growing bone are examined by the 
microscope they are found to consist at their growing point of a network of fine 
clear fibres and granular corpuscles with an intervening ground substance (fig. 37). 


Frc. 37.—Part of the growing edge of the developing parietal bone of a fætal eat. 
(After J. Lawrence.) 






Union of oy SBA AS REA wae U La ff------ Osteogenetic 

. ae seh? ce 
adjacent ~--=~- FRNA ERRE. ei bres 
spicules ge- 

REN a = Calcific deposit 
; between the fibres 
i aot 
Osteoblasts >” 


je = s = = ~ Bony spicules 


The fibres are termed osteogenetic fibres, and are made up of fine fibrils differing 
little from those of white fibrous tissue. Like them they are probably deposited in 
the matrix through the influence of the cells—in this case the osteoblasts. The 
osteogenetic fibres soon assume a dark and granular appearance from the deposi- 
tion of calcareous granules in the fibres and in the intervening matrix, and as they 
calcify they are found to enclose some of the granular corpuscles or osteoblasts. 
By the fusion of the calcareous granules the bony tissue again assumes a more 
transparent appearance, but the fibres are no longer so distinctly seen. The 
involved osteoblasts form the corpuscles of the future bone, the spaces in which 
they are enclosed constituting the lacunæ. As the osteogenetic fibres grow out to 
the periphery they continue to calcify, and give rise to fresh bone spicules. Thus 
a network of bone is formed, the meshes of which contain the blood-vessels and 
a delicate connective tissue crowded with osteoblasts. The bony trabeculæ thicken 
by the addition of fresh layers of bone formed by the osteoblasts on their surface, 
and the meshes are correspondingly encroached upon. Subsequently successive 
layers of bony tissue are deposited under the periosteum and round the larger 
vascular channels which become the Haversian canals, so that the bone increases 
much in thickness. 

Intracartilaginous Ossification.—Just before ossification begins the bone is 
entirely cartilaginous, and.in a long bone, which may be taken as an example, 
the process commences in the centre and proceeds towards the extremities, which 
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come time remain cartilaginous. Subsequently a similar process commences 
emp more places in those extremities and gradually extends through them. 
The extremities do not, however, become joined to the shaft by bony tissue until 
growth has ceased, but are attached to it by a layer of cartilaginous tissue termed 

jiphysial cartilage. 

k The first step in He ossification of the cartilage is that the cartilage-cells, 
at the point where ossification is commencing and which is termed a centre of 
ossification, enlarge and arrange themselves in rows (fig. 38). The matrix in 
which they are embedded increases in quantity, so that the cells become further 
separated from each other. A deposit of calcareous material now takes place in 
this matrix, between the rows of cells, so that they become separated from each 


l Firo, 38.—Section of foetal bone of cat. Ire. 39.—Part of a longitudinal section 
of the developing femur of a rabbit. 
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other by longitudinal columns of calcified matrix, presenting a granular and 
Opaque appearance. Here. and there the matrix between two cells of the same 
row also becomes calcified, and transverse bars of calcified substance -stretch 
across from one calcareous column to another. Thus there are longitudinal 
groups of the cartilage-cells enclosed in oblong cavities, the walls of which are 
formed of calcified matrix, which cuts off all nutrition from the cells, and they, in 
consequence, waste, leaving spaces called the prumary areole (Sharpey). 

At the same time that this process is going on in the centre of the solid bar of 
cartilage of which the foetal bone consists, certain changes are taking place on 
its surface. This is covered by a very vascular membrane, the perichondrium, 
entirely similar to the em bryonic connective tissue already described as constituting 
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the basis of membrane bone, on the inner surface of which—that is to say, on the 
surface in contact with the cartilage—are gathered the formative cells, the osteo- 
blasts. By the agency of these cells a thin layer of bony tissue is being formed 
between the perichondrium and the cartilage, by the intramembranous mode of 
ossification just described. There are then, in this first stage of ossification, two 
processes going on simultaneously : in the centre of the cartilage the formation 
of a number of oblong spaces, foimed of calcified matrix and containing the 
withered cartilage-cells, and on the surface of the cartilage the formation of a layer 
of true membrane-bone. The second stage consists in the prolongation into the 
cartilage of processes of the deeper or osteogenetic layer of the perichondrium, 
which has now become periosteum (fig. 38, 1r). The processes consist of blood- 
vessels and cells—osteoblasts, or bone-formers, and osteoclasts, or bone-destroyers. 
The latter are similar to the giant-cells (myeloplaxes) found in marrow, and they 
excavate passages through the new-formed bony layer by absorption, and pass 
through it into the calcified matrix (fig. 38). Wherever these processes come in 
contact with the calcified walls of the primary areolæ they absorb it, and thus 
cause @ fusion of the original cavities 

and the formation of larger spaces, Fie. 40.—'['ransverse section from the 
which are termed the secondary areole femur of a human cmbryo abont eleven 
(Sharpey) or medullary spaces (Müller). weeks old. 

These secondary spaces, the original 
cartilage-cells having disappeared, be- 
come filled with embryonic marrow, 
consisting of osteoblasts and vessels, 
and derived, in the manner described 
above, from the osteogenetic layer of 
the periosteum (fig. 39). 

Thus far there has been traced the 
formation of enlarged spaces (secon- 
dary areolz), the perforated walls of 
which are still formed by calcified 
cartilage-matrix, containing an em- 
bryonic marrow, derived from the pro- 
cesses sent in from the osteogenetic 
layer of the periosteum, and consist- 
ing of blood-vessels and round cells, 
osteoblasts (fig. 39). The walls of 
these secondary areols are at this time 
of only inconsiderable thickness, but 
they become thickened by the. deposi- 
tion of layers of new bone on their 
interior. This process takes place in 
the following manner. Some of the : — 
osteoblasts of the embryonic marrow, “jongitudinally, e. Osteoblast, Newly: formal osseous 
after undergoing rapid division, ar- substance of lgiie orior, € nt of grate ngo 
range themselves as an epithelioid ‘osteoblast. 
layer on the surface of the wall of the 
space (fig. 40). This layer of osteoblasts forms a bony stratum, and thus the 
wall of the space becomes gradually covered with a layer of true osseous 
substance, On this a second layer of osteoblasts arrange themselves, and in their 
turn form an osseous layer. By the repetition of this process the original cavity 
becomes very much reduced in size, and at last only remains as a small circular 
hole in the centre, containing the remains of the embryonic marrow—that is, a 
blood-vessel and a few osteoblasts. This small cavity constitutes the Haversian 
canal of the perfectly ossified bone. The successive layers of osseous matter 
which have been laid down, and which encircle this central canal, constitute the 
lamellæ, of which, as we have seen, each Haversian system is made up. As the 
successive layers of osteoblasts form osseous tissue, certain of the osteoblastic 
cells remain included between the various bony layers. These .persist as the 
corpuscles of the future bone, the spaces. enclosing them forming the lacune 
(fig. 39). The canaliculi, at first extremely short, are supposed to be extended 
by absorption, so as to meet those of neighbouring lacune. 

Such are the changes which may be observed at one particular point, the centre 
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of ossification. While they have been going on a similar process has been set. up 
in the surrounding parts and has been gradually proceeding towards the end of 
the shaft, so that in the ossifying bone all the changes described above may be 
seen in different parts, from the true bone in the centre of the shaft to the hyaline 
cartilage at the extremities. The bone thus formed differs from the bone of the 
adult in being more spongy and less regularly lamellated. | 

In this way the steps of a process have been described by which a solid bony 
mass is produced, having vessels running into it from the periosteum ; Haversian 
canals in which these vessels run; medullary spaces filled with foetal marrow ; 
lacuns with their contained bone-cells ; and canaliculi growing out of these lacunæ. 

This process of ossification, however, is not the origin of the whole of the 
skeleton, for even in those bones in which the ossification proceeds in a great 
measure from a single centre, situated in the cartilaginous shaft of a long bone, 
a considerable part of the original bone is formed oy intramembranous ossification 
beneath the perichondrium or periosteum ; so that the girth of the bone is increased 
by bony deposit from the deeper layer of this membrane. 

The shaft of the bone is at first solid, but a tube is hollowed out in it by 
absorption around the vessels passing into it, which becomes the medullary canal. 
This absorption is supposed to be brought about by large giant-cells, the so-called 
osteoclasts of Kölliker (fig. 39, f). They vary in shape and size, and are known 
by containing a large number of clear nuclei, sometimes as many as twenty. The 
occurrence of similar cells in some tumours of bones has led to such tumours 
being denominated ‘ myeloid.’ 

As more and more bone is removed by this process of absorption from the 
interior of the bone to form the medullary canal, so more and more bone is 
deposited on the exterior from the periosteum, until at length it has attained the 
shape and size which it is destined to retain during adult life. As the ossification 
of the cartilaginous shaft extends towards the articular ends it carries with it, as 
it were, a layer of cartilage, or the cartilage grows as it ossifies, and thus the bone 
is increased in length. During this period of growth the articular end, or epiphysis, 
remains for some time entirely cartilaginous, then a bony centre appears in it, 
and it commences the same process of intracartilaginous ossification ; but this 
process never extends to any great distance. The epiphyses remain separated 
from the shaft by a narrow cartilaginous layer for a definite time. This layer 
ultimately ossifies, the distinction between shaft and epiphysis is obliterated, and 
the bone assumes its completed form and shape. The same remarks also apply 
to the processes of bone which are separately ossified, such as the trochanters of 
the femur. The bones, having heen formed, continue to grow until the body has 
acquired its full stature. They increase in length by ossification continuing to 
extend in the epiphysial cartilage, which goes on growing in advance of the 
ossifying process. They increase in circumference by deposition of new bone, 
from the deeper layer of the periosteum, on their external surface, and at the 
same time an absorption takes place from within, by which the medullary cavity 
is increased. 

The medullary spaces which characterise the cancellous tissue are produced 
by the absorption of the original footal bone in the same way as that by which 
the original medullary canal is formed. The distinction between the cancellous 
and the compact tissue appears to depend essentially upon the extent to which this 
process of absorption has been carried; and we may perhaps remind the reader 
that in morbid states of the bone inflammatory absorption produces exactly the 
pear change, and converts portions of bone, naturally compact, into cancellous 

issue. 

The number of ossific centres varies in different bones. In most of the 
short bones ossification commences by a single point in the centre, and proceeds 
towards the circumference. In the long bones there is a central point of ossifica- 
tion for the shaft or diaphysis: and one or more for each extremity, the epiphysis. 
That for the shaft is the first to appear. The union of the epiphyses with the shaft 
takes place in the reverse order to that in which their ossification began, with the 
exception of the fibula, and appears to be regulated by the direction of the nutrient 
artery of the bone. Thus, the nutrient arteries of the bones of the arm and fore- 
arm are directed towards the elbow, and the epiphyses of the bones forming this 
Joint become united to the shaft before those at the opposite extremity. In the 
lower limb, on the other hand, the nutrient arteries passin a direction from the 
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knee: that is, upwards in the femur, downwards in the tibia and fibula ; and 
in them it is observed that the upper epiphysis of the femur, and the lower 
epiphysis of the tibia and fibula, become first united to the shaft. 

Where there is only one epiphysis, the medullary artery is directed towards 
that end of the bone where there is no additional centre ; as towards the acromial 
end of the clavicle, towards the distal end of the metacarpal bone of the thumb 
and great toe, and towards the proximal end of the other metacarpal and meta- 
tarsal bones. 

Besides these he for the articular ends, there are others for projecting 
parts or processes, which are formed separately from the bulk of the bone. For 
an account of these, the reader must be referred to the description of the 
individual bones. 

A knowledge of the exact periods when the epiphyses become joined to the 
shaft is often of great importance in medico-legal inquiries. It also aids the 
surgeon in the diagnosis of many of the injuries to which the joints are liable; 
for it not infrequently happens that, on the application of severe force to a joint, 
the epiphysis becomes separated from the shaft, and such injuries may be 
mistaken for fracture or dislocation. 


MUSCULAR TISSUE 


The muscles are formed of bundles of reddish fibres, endowed with the property 
of contractility. The two principal kinds of muscular tissue found in the body are 
the voluntary and involuntary. The former of these, from the characteristic 
appearances which its fibres exhibit under the microscope, is known as ‘striped ’ 
muscle, and from the fact that it is capable of being put into action and 
controlled by the will, as ‘voluntary’ muscle. The fibres of the latter do not 
present any cross-striped appearance, and for the most part are not under the 
control of the will; hence they are known as the ‘unstriped’ or ‘involuntary’ 
muscles. The muscular fibres of the heart differ in certain particulars from both 
eee groups, and they are therefore separately described as ‘ cardiac’ muscular 

res, 

Thus it will be seen that there are three varieties of muscular fibres : (1) trans- 
versely striated muscular fibres, which are for’ the most part voluntary and 
under the control of the will, but some of which are not so, such as the muscles 
of the pharynx and upper part of the cesophagus. This variety of muscle is 
sometimes called skeletal; (2) transversely striated muscular fibres, which are not 
under the Oh of the will, ie. the cardiac 
muscle ; (3) plain or unstriped muscular fibres, p = . 
which are Te and meala by a differ- ae An a n 
ent part of the nervous system from that which man. Magnified 5o times. 
controls the activity of the voluntary muscles. 
Such are the muscular walls of the stomach and 


intestine, of the uterus and bladder, of the blood- a EEE 
i EES, z ea PO Soe Sr, 


The striped or voluntary muscles are composed 
of bundles of fibres enclosed in a- delicate web 
called the ‘perimysium,’ in contradistinction to the 
sheath of areolar tissue which „invests the entire 
muscle, the ‘epimysium ’ (fig. 41). The bundles 
are termed ‘fasciculi;’ they are prismatic in 
shape, of different sizes in different muscles, and 
for the most part placed parallel to one another, 
though they have a tendency to converge towards 
their tendinous ae Each fasciculus is 
made up of a strand of fibres, which also run 
el with each othen y which are separated “ i aa a 
from one another by a delicate connective tissue s 
derived from the perimysium and termed endomysium. This does not form the 
sheath of the fibres, but serves to support the blood-vessels and nerves ramifyin 
between them. The fibres are enclosed in a separate and distinct sheath of their 
own, but it is not areolar tissue and is therefore not derived from the perimysium. 
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A muscular fibre may be said to consist of a soft contractile substance enclosed 
in a tubular sheath, named by Bowman the sarcolemma. The fibres are 
cylindrical or prismatic in shape, and are of no great length, not exceeding, it is 
said, an inch and a half. They end either by blending with the tendon or apo- 
neurosis, or else by rounded or tapering extremities which are connected to the 
neighbouring fibres by means of the sarcolemma. Their breadth varies in man 
from >}, to 435 of an inch. As a rule, the fibres do not divide or anastomose ; 
but occasionally, especially in the tongue and facial muscles, the fibres may be seen 
to divide into several branches. The precise mode in which the muscular fibre 
joins the tendon has been variously described by different observers. It may, 
perhaps, be sufficient to say that the sarcolemma, or membranous investment of 
the muscular fibre, appears to become blended with a small bundle of fibres, 
into which the tendon becomes subdivided, while the muscular substance termi- 
nates abruptly and can be readily made to retract from the point of junction. 
The areolar tissue between the fibres appears to be prolonged more or less into the 
tendon, so as to form a kind of sheath around the tendon bundles for a longer or 


Fig. 42.—T'wo human mus- Kia. 43.— Fragments of striped muscular fibres, 
cular fibres. Magnified 350 showing a cleavage in opposite directions. 
times. Magnified 300 diameters. 





A. Longitudinal cleavage. The longitudinal and transverse 
lines are both seen. Some longitudinal lines are darker and 
wider than the rest, and are not continuous from end to 
end, This results from partial separation of the fibrille. 
c. Fibritle separated from one another by violence at the 
broken end of the fibre, and marked by transverse liner 
eqnal iu width to those on the fibre. ec’ c" represent two 
appearances commonly presented by the separated single 
fibrille (more highly magnified) At ec! the berders and 
trausverse lines are all perfectly rectilinear, aud the included 
spaces perfectly rectangular. At c” the borders are scalloped 
and the spaces bead-like. When most distinct and definite 
the fibritla presents the former of these appearances, 
_ Transverse cleavage. The longitudinal lines are scarcely 
visible. ø. Incomplete fracture following the opposite sur- 
faces of a disc, which stretches across the interval, and 
retains the two fragments in connection. ‘The edge andl 
„In the one, the bundle of fibrillæ (b) is surfaces of this disc are seen to be minutely granular, the 
torn, and the sarcolemma (a) is seen granules corresponding in size to the thickness of the disc, 
as an empty tube. and to the distance between the faint longitudinal lines. 
p, Another disce nearly detached. b’. Detached disc, more 
highly magnified, showing the sarcous elements. 
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shorter distance. When muscular fibres are attached to the skin or mucous 
membranes, their fibres are described by Hyde Salter as becoming continuous 
with those of the areolar tissue. 

The sarcolemma, or tubular sheath of the fibre, is a transparent, elastic, and 
apparently homogeneous membrane of considerable toughness, so that it will 
sometimes remain entire when the included substance is ruptured (see fig. 42), 
On the internal surface of the sarcolemma in mammalia, and also in the 
substance of the fibre in the lower animals, elongated nuclei are seen, and in 
connection with these a row of granules, apparently fatty, is sometimes observed. 

Upon examination of a voluntary muscular fibre by transmitted light, it is 
found to be apparently marked by alternate light and dark bands or striæ, which 
pass transversely, or somewhat obliquely, round the fibre (fig. 42). The dark and 
light bands are of nearly equal breadth, and alternate with great regularity. 
They vary in breadth from about qua tO yuy Of an inch. If the surface is 
carefully focussed, rows of granules will be detected at the point of junction of 
the dark and light bands, and very fine longitudinal lines may be seen running 
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through the dark bands and joining these granules together. By treating the 
specimen with certain reagents (e.g. chloride of gold) fine lines may be seen 
running transversely between the granules uniting them together. This appear- 
ance is believed to be due to a reticulum or network of interstitial substance lying 
between the contractile portions of the muscle. The longitudinal striation gives 
the fibre the appearance of being made up of a bundle of fibrillæ, which have been 
termed sarcostyles or muscle columns, and if the fibre is hardened in alcohol, it 
can be broken up longitudinally and the sarcostyles sepurated from each other 
(fig. 43, A). The reticulum, with its longitudinal and transverse meshes, is called 
sarcoplasm. 

If now a transverse section of a muscular fibre is made, it is seen to be divided 
into a number of areas, called the areas of Cohnheim, more or less polyhedral in 
shape, and consisting of the transversely divided sarcostyles, surrounded by 
transparent series of sarcoplasm (fig..43, B, b’). 

Upon closer examination, and by somewhat altering the focus, the appearances 
become more complicated, and are susceptible of various interpretations. The 


Fra. 44.—a. Portion of a medium-sized human Fie. 45,—Part of a striped muscular 


muscular fibre. Magnified nearly 800 dia- fibre of the water-beetle, prepared 

meters. B. Separated bundles of fibrils, equally with absolute aleohol. Magnified 

magnified. 300 diameters. (Klein and Noble 
, Smith.) 
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a, Sarcolemma. 6. Membrane of Krause: owing 
to contraction during hardening, the sarco- 
lemma shows regular bulgings. At the side of 
Krause’s membrane is the transparent lateral 
disc. 

Several nuclei of muscle-corpuscles are shown, and 
in them a minute network. 
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a, &. Larger, and 6, b, smaller collections. c., Still smaller. 
d, &. The smallest which could be detached. 


transverse striation, which in figs. 42 and 43 appears as a mere alternation of 
dark and light bands, is resolved into the appearance seen in fig. 44, which shows 
a series of broad dark bands, separated by light bands, which are divided into two 
by a dark dotted line. This line is termed Krause’s membrane (fig. 46, k), because 
it was believed by Krause to be an actual membrane, continuous with the sarco- 
lemma, and dividing the light band into two compartments. I tis now more usually 
regarded as being due to an optical phenomenon, from the light being reflected 
between dises of different refrangibility. In addition to the membrane of Krause, 
fine clear lines may be made out, with a sufficiently high power, crossing the 
centre of the dark band ; these are known as the lines of Hensen (fig. 46, n). 
Formerly it was supposed by Bowman that a muscular fibre was made up of 
a number of quadrangular particles, which he named sarcous elements, joined 
together like so many bricks forming a column, and he came to this conclusion 
because he found that under the influence of certain reagents the fibre could be 
broken up transversely into discs, as well as longitudinally into fibrille (fig. 43, B). 
But it is now believed that this cross cleavage is purely artificial, and that a 
muscular fibre is built up of fibrillæ and not of small quadrangular particles. 
D2 
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Assuming that this is so, we have now to consider @ little more in detail the 
minute structure of these longitudinal fibrille, or sarcostyles, as they are termed. 
Perhaps there are few subjects in histology which have received more attention, 
and in which the appearances seen under the microscope have been more 
differently interpreted, than the minute anatomy of muscular fibre. Schafer 
has worked out this subject, particularly in the wing muscles of insects, which 
are peculiarly adapted for this purpose on account of the large amount for inter- 
stitial sarcoplasm which separates the sarcostyles. In the following description 
that given by Schäfer will be closely followed (fig. 46). 

Each sarcostyle may be said to: be made up of- successive portions, each of 
which Schäfer terms a sarcomere. This is the portion situated between two 
membranes of Krause, which transversely divides the light band. Each sarcomere 
consists of a central dark vart, which forms a portion of the dark band of the 
whole fibre, and is named by Schäfer a sarcous element.* This sarcous element 
really consists of two parts, superimposed one on the top of the other, and when the 
fibre is stretched these two parts become separated from each other at the line of 
Hensen (fig. 46, 4). On either side of this central dark portion is a clear layer, most 
visible when the fibre is extended ; this is situated between the dark centre and 
the membrane of Krause, and when the sarcomeres are joined together to form 
the sarcostyle, constitutes the light band of the striated muscular fibre. 

When the sarcostyle is extended, the clear intervals are well marked and 
plainly to be seen; when, on the other hand, the sarcostyle is contracted, 


Fic. 46.—Diagram of a sarcomere. (After Schäfer.) 
a. In moderately extended condition. 3. In a contracted condition. 





k. k. Membranes of Krause, H, Line or plane of Hensen. R.R. Porlferous sarcous element. 


that is to say, the muscle is in a state of contraction, these clear portions are 
very small or they may have disappeared altogether (fig. 46, B). When the 
sarcostyle is stretched to its full extent, not only is the clear portion very well 
marked, but the dark portion—the sarcous element —will be seen to be separated 
into its two constituents along the line of Hensen. 

The sarcous element does not lie free in the sarcomere, for when the sarcostyle 
is stretched, so as to render the clear portion visible, very fine lines, which are 
probably septa, may be seen running through it from the sarcous element to the 
membrane of Krause. 

Schiifer explains these phenomena in the following way. He considers that 
each sarcous element is made up of a number of longitudinal channels, which 
open into the clear part towards the membrane of Krause but are closed at the line 
of Hensen. When the muscular fibre is contracted the clear part of the muscular 
substance finds its way into these channels or tubes and is therefore hidden from 
sight, but at the same time it swells up the sarcous element and widens and 
shortens the sarcomere. When, on the other hand, the fibre is extended, this clear 
substance finds its way out of the tubes and collects between the sarcous element 
and the membrane of Krause, and gives the appearance of the light part between 
these two structures ; by this means it elongates and narrows the sarcomere. 

If this view is true it is a matter of great interest, and, as Schäfer has shown, 
harmonises the contraction of muscle with the amceboid action of protoplasm. 


* This must not be confused. with the ‘sarcous element of Bowman’ (see above). 
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In an amoeboid cell there is a framework of spongioplasm, which stains with 
hematoxylin and similar reagents, enclosing in its meshes a clear substance, 
hyaloplasm, which will not stain with these reagents. Under stimulation the 
hyaloplasm passes into the pores of the spongioplasm ; without stimulation it tends 
to pass out as in the formation of pseudopodia. In muscle there is the same 
thing, viz. a framework of spongioplasm staining with hematoxylin—the sub- 
stance of the sarcous element—and this encloses a clear hyaloplasm, the clear 
substance of the sarcomere, which resists staining with this reagent. During 
contraction of the muscle—i.e. stimulation—this clear substance passes into the 
pores oi the spongioplasm ; while during extension of the muscle—i.e. when there 
is no stimulation—it tends to pass out of the spongioplasm. 

In this way the contraction is brought about: under stimulation the proto- 
plasmic material (the clear substance of the sarcomere) recedes into the sarcous 
element, causing the sarcomere to widen out and shorten. The contraction of the 
muscle is merely the sum total of this widening out and shortening of these bodies. 

The capillaries of striped muscle are very abundant, and form a sort of rect- 
angular network, the branches of which run longitudinally in the endomysium 
between the muscular fibres, and are joined at short intervals by transverse 


Fie. 47.—Non-striated muscular fibre. (From Kirke’s ‘ Physiology.’) 





anastomosing branches. The larger vascular channels, arteries and veins, are 
found only in the perimysium, between the muscular fasciculi. 

Nerves are profusely distributed to striped muscle. Their mode of termina- 
tion will be described on a subsequent page. 

The existence of lymphatic vessels in striped muscle has not been ascertained, 
though they have been found in tendons and in the sheath of the muscle. 

The unstriped, plain, or involuntary muscle is found in the walls of the 
hollow viscera—viz. the lower half of the esophagus and the whole of the 
remainder of the gastro-intestinal tube; in the trachea and bronchi, and the 
alveoli and infundibula of the lungs; in the gall-bladder and ductus communis 
choledochus; in the large ducts of the salivary and pancreatic glands; in the 
pelvis and calyces of the kidney, the ureter, bladder, and urethra; in the female 
sexual organs—viz. the ovary, the Fallopian tubes, the uterus (enormously 
developed in pregnancy), the vagina, the broad ligaments, and the erectile tissue 
of the clitoris; in the male sexual organs—viz. the dartos of the scrotum, the 
vas deferens and epididymis, the vesicule seminales, the prostate gland, and the 
corpora cavernosa and corpus spongiosum ; in the ducts of certain glands, as in 
Wharton’s duct; in the capsule and trabecule of the spleen; in the mucous 
membranes, forming the muscularis mucosæ ; in the skin, forming the arrectores 
pilorum, and also in the sweat-glands ; in the arteries, veins, and lymphatics; in 
the iris and the ciliary muscle. 

Plain or unstriped muscle is made up of spindle-shaped cells, called contractile 
fibre-cells, coliet into bundles and held together by a cement substance (fig. 47) 
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These bundles are further aggregated into larger bundles, or flattened bands, and 
und together by ordinary connective tissue. 
i The aA pr are elongatéd, spindle-shaped, nucleated cells 
of various sizes, averaging from yy to by Of an inch in length, and 43yo 
to „yo Of an inch in breadth. On transverse section they are more or less 
polyhedral in shape, from mutual pressure. They present a faintly longitudinal 
striated appearance, and consist of an elastic cell-wall containing a central 
bundle of fibrille, representing the contractile substance, and an oval or rod- 
like nucleus, which includes, within a membrane, a fine network communicating 
at the poles of the nucleus with the contractile fibres (Klein). The adhesive 
interstitial cement substance, which connects the fibre-cells together, represents 
the endomysium, or delicate connective tissue which binds the fibres of striped 
muscular tissue into fasciculi; while the tissue connecting the individual bundles 
together represents the perimysium. The unstriped muscle, as a rule, is not 
under the control of the will, neither is the con- 
Fre. 48.—Anastomosing mus- traction rapid nor does it involve the whole 
cular fibres of the heart seen muscle, as is the case with the voluntary muscles. 
in a longitudinal section. On The membranes which are composed of the un- 
the right the limits of the striped muscle slowly contract in a part of their 
separate cells with theirnuclei extent, generally under the influence of a me- 
are exhibited somewhat dia- chanical. stimulus, as that of distension or of 
aingeal. cold ; and then the contracted part slowly relaxes 

Be MaR i while another portion of the membrane takes up 
the contraction. This peculiarity of action is 
most strongly marked in the intestines, consti- 
tuting their vermicular motion. 

Cardiac Muscular Tissue.—The fibres of the 
heart differ very remarkably from those of other 
striped muscles. They are smaller by one-third, 
i and their transverse strie are by no means so 
ne: well marked. The fibres are made up of distinct 

a quadrangular cells joined end to end (fig. 48). 
Each cell contains a clear oval nucleus, situated 
near the centre of the cell. The extremities of 
the cells have a tendency to branch or divide, the 
subdivisions uniting aah offsets from other cells, 
and thus producing an anastomosis of the fibres. 
The connective tissue between the bundles of 
fibres is much less than in ordinary striped muscle, 
and no sarcolemma has been proved to exist. 
Development of Muscle Fibres.—Voluntary muscular fibres are developed 
from the mesoblast, the embryonic cells of which elongate, show multiplication 
of nuclei, and eventually become striated ; the striation is first obvious at the side 
of the fibre, spreads around the circumference, and ultimately extends to the 
centre. The nuclei, at first situated centrally, gradually pass out to assume their 
final position immediately beneath the sarcolemma. In the case of plain muscle 
the mesoblastic cells assume a pointed shape at the extremities and become 
flattened, the nucleus also lengthening out to its permanent rod-like form. 

Chemical Composition of Muscle.—In chemical composition the muscular 
fibres may be said, in round numbers, to consist of 7 5 per cent. of water, about 
s pet cent. of proteids, 2 per cent. of fat, 1 per cent. of nitrogenous extractives 


carbohydrates, and 2 per cent. of salts, which are mainly potassium phosphate 
and carbonate. 
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NERVOUS TISSUE 


The nervous tissues of the body are comprised in two great systems—-the 
cerebro-spinal and the sympathetic. 

The cerebro-spinal system comprises the brain (including the medulla 
oblongata), the spinal cord, the cranial nerves, the spinal nerves, and the 
ganglia connected with these nerves. The sympathetic system consists of 
a double chain of ganglia, with the nerves which go to. and come from them. 
It is not directly connected with the brain or spinal cord, though it is so 
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indirectly by means of its numerous communications with the cranial and 
spinal nerves. — 

The nervous tissues are found microscopically to be composed of nerve-celis 
and their various processes, together with a supporting tissue called neuroglia, 
which, however, is found only in the brain and spinal cord. Certain long pro- 
cesses of the nerve-cells are of special importance, and it is convenient to consider 
them apart trom the cells; they are known as nerve-fibres. 

To the naked eye a difference is obvious between certain portions of the brain 
and spinal cord, viz. the grey matter and the white matter. Thisis found to be due 
to the fact that the grey matter is largely composed of nerve-cells, while the white 
matter contains only their long processes, the nerve-fibres. It is in the former, as 
is generally supposed, that nervous impressions and impulses originate, and by the 
latter that they are conducted. Hence the grey matter forms the essential con- 
stituent of all the ganglionic centres, both those in the isolated ganglia and those 
aggregated in the cerebro-spinal axis ; while the white matter is found in all the 
commissural portions of the nerve-centres and in all the cerebro-spinal nerves. 

Neuroglia, the peculiar ground substance in which are embedded the true 
nervous constituents of the brain and spinal cord, consists of fibres and cells. 


Fre. 49.—Neuroglia cells of brain shown by Golgi’s method. (After Andriezen,) 
(Copied from Schafer’s ‘ Essentials of Histology.’) 
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A. Cell with branched processes, 13. Spider cell with mibranched processes. 


Some of the cells are stellate in shape, and their fine processes become neuroglia 
fibres, which extend radially and unbranched (fig. 49, B) among the nerve-cells 
and fibres which they aid in supporting. Other cells give off fibres which branch 
repeatedly (tig. 49, A). In addition to these fibres there are others which do not 
appear to be connected with the neuroglia cells. They start from the epithelial 
cells lining the ventricles of the brain and central canal of the spinal cord, and 
pass through the nervous tissue, branching repeatedly to terminate in slight 
enlargements on the pia mater. Thus, neuroglia is evidently a connective tissue 
in function but is not so in development; it is epiblastic in origin, whereas all 
connective tissues are mesoblastic. 

Nerve-cells or ganglion-cells are largely aggregated in the grey substance of 
the brain and spinal cord, but smaller collections of these cells also form the 
swellings seen on many nerves, which are called ganglia. These are found chiefly 
upon the spinal and cranial nerve-roots and in connection with the sympathetic 
nerves. Each nerve-cell consists of a finely fibrillated protoplasmic material, of a 
reddish or yellowish-brown colour, which occasionally presents patches of a deeper 
tint, caused by the aggregation of pigment-granules at one side of the nucleus, 
as in the substantia nigra and locus coeruleus, The protoplasm also sometimes 
contains peculiar angular granules, which stain deeply with basic dyes, such 
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as methylene blue; these are known as Nissi’s granules (fig. 52). The nucleus 
is, as @ rule, a large, well-defined, round, vesicular body, often presenting an 


Fic, 50,—Various forms of nerve-cells. 





A. Pyramidal cell. 3. Small multipolar cell, in which the axon quickly divides into numerous 


branches. c. Small fusiform ceil. 
axon). az. Axon. c. Oapsule. 


Fic. §51.—Bipolar nerve-cell from the 
spinal ganglion of the pike. (After 
Kölliker.) 
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Fic. 52.--Motor nerve-cell from ventral 
horn of spinal cord of rabbit. (After 
Nissl.) The angular and spindle-shaped 
Nissl bodies are well shown. 
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intranuclear network, and containing a 
nucleolus which is peculiarly clear and 
brilliant. The nerve-cells vary in shape 
and size, and have one or more processes. 
They may be divided for purposes of 
description into three groups, according 
to the number of processes which they 
possess: (1) Unipolar cells, which are 
found in the spinal ganglia; their single 
process, after a short course, divides in 


a T-shaped manner. (2) Bipolar cells, also found in the spinal ganglia (fig. 51), 
when the: ells are in an embryonic condition. They are best demonstrated 
in the sympathetic ganglion-cells of a frog. Sometimes the processes com- 
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off from opposite poles of the cell, and the cell then assumes a spindle shape ; 
at others they both emerge at the same point. In some cases where two 
nbres are apparently connected with a cell, one of the fibres is really derived 
from an adjoining nerve-cell and is passing to end in a ramification around the 
ganglion-cell, or, again, it may be coiled spirally round the nerve process which 
is issuing from the cell. (3) Multipolar cells, which are caudate or stellate in 
shape, and characterised by their large size and by the tail-like processes which 
issue from them. The processes are of two kinds: one of them is termed the 
axis-cylinder process or axon because it becomes the axis cylinder of a nerve-fibre 
(figs. 52, 53, 54). The others are termed 
Fic. 53.—Pyramidal cell from the cere. the protoplasmic processes or dendrons ; 
bralcortexofamouse. (After Ramón they begin to divide and subdivide as soon 
y Cajal.) ; as they emerge from the cell, and finally 
end in minute twigs and become lost 
among the other elements of the nervous 

tissue. 


Fie. §4.—Cell of Purkinje from the cerebellum 
of a cat. (After Ramon y Cajal.) 
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Nerve-fibres are found universally in 
the peripheral nerves, and in the white 
substance of the brain and spinal cord. 
The fibres are of two kinds, the medutlated 
or white tibres, and the nun-medullated or 
grey fibres. 

The medullated fibres form the white 
part of the brain and spinal cord, and 
also the greater part of the cerebro-spinal nerves, and give to these structures 
their opaque, white aspect. When perfectly fresh they appear to be homogeneous ; 
but soon after removal from the body they present, when examined by transmitted 
light, a double outline or contour, as if consisting of two parts (fig. 55). The 
central portion is named the axis cylinder of Purkinje ; around this 1s a sort of 
sheath of fatty material, staining black with osmic acid, named the white substance 
of Schwann, which gives to the fibre its double contour, and the whole is enclosed 
in a delicate membrane, the neurilemma, primitive sheath, or nucleated sheath of 
Schwann (fig. 55). 

The azis cylinder is the essential part of the nerve-fibre, and is always 
present; the other parts, the medullary sheath and the neurilemma, being 


n 
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occasionally absent, especially at the origin and. termination of the nerve-fibre. 
It undergoes no interruption from its origin in the nerve-centre to its peripheral 
termination, and must be regarded as a direct prolongation of a nerve-cell. It 
constitutes about one-half or one-third of the nerve-tube, the white substance 
being greater in proportion in the nerves than in the central organs. It is quite 
transparent, and is therefore indistinguishable in a perfectly fresh and natural 
state of the nerve. It is made up of exceedingly fine fibrils, which stain darkly 
with gold chloride (fig. 56). At its termination the axis cylinder of a nerve-fibre 
may be seen to break up into fibrille, confirming the view of its structure. These 


Fie. 55.—White or medullated Fic. 56.—Longitudinal section through 
nerve-fibres, showing the a nerve-fibre from the sciatic nerve 
sinuous outline and double of a frog. x 830. (After Bébin and 
contours. (After Schafer.) Davidoff.) 
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fibrille have been termed the primitive fibrillæ of Schultze. The axis cylinder 
is said by some to be enveloped in a special, reticular sheath, which separates 
it from the white matter of Schwann, and is composed of a substance called 
neurokeratin. The more common opinion is that this network or reticulum is 
contained in the white matter of Schwann, and by some it is believed to be pro- 
duced by the action of the reagents employed to show it. The medullary sheath 
or white matter of Schwann (fig. 56) is regarded as being a fatty matter in a fluid 
state, which insulates and protects the essential part of the nerve—the axis cylinder. 
The white matter varies in 

Fig. 57.—A node of Ranvier of a medullated nerve- thickness to a very consider- 
fibre, viewed from above, magnified about 750 dia- able extent, in some forming 
meters. The medullary sheath is discontinuous at p layer of extreme thinness 
the node, whereas the axis cylinder passes from one so 486to De Star dini 
segment into the other. At the node the sheath aai th Jp tee 

of Schwann appears thickened. (Klein and Noble 8USHable, in others forming 
Smith.) about one-half the nerve-tube. 

| | The size of the nerve-fibres, 
which varies from ypo tO 
xoog Of an inch, depends 
mainly upon the amount of 
the white substance, though 
the axis cylinder also varies in size within certain limits. The white matter 
of Schwann does not always form a continuous sheath to the axis cylinder, 
but undergoes interruptions in its continuity at regular intervals, giving to 
the fibre the appearance of constriction at these points. These were first 





described by Ranvier, and are known as the nodes of Ranvier (fig. 57). The 
portion of nerve-fibre between two nodes is called an’ inéernodal segment. The 
eee or primitive sheath is not interrupted at the nodes, but passes over 


em as a continuous membrane. In addition to these interruptions oblique clefts 
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may be seen in the medullary sheath, subdividing it into irregular portions, which 
are termed medullary segments, or segments of Lantermann (fig. 56). There. is 
reason to believe that these clefts are artificially produced in the preparation of 
the specimens. Medullated nerve-fibres, when examined, frequently present m 
beaded or varicose appearance: this is due to manipulation and pressure causing 
the oily matter to collect into drops, and in consequence of the extreme delicacy 
of the primitive sheath, even slight pressure will cause the transudation of the 
fatty matter, which collects as drops of oil outside the membrane. This is, of 
course, promoted by the action of certain reagents. 

The neurilemma or primitive sheath (sometimes called the tubular membrane 
or sheath of Schwann) presents the appearance of a delicate, structureless mem- 
brane. Here and there beneath it, and situated in depressions in the white 
matter of Schwann, are nuclei surrounded by a small amount of protoplasm. 
The nuclei are oval and somewhat flattened, and bear a definite relation to the 
nodes of Ranvier ; one nucleus generally lying in the centre of each internode. 
The primitive sheath is not present in all medullated nerve-fibres, being absent 
in those fibres which are found in the brain and spinal cord. 

Non-medullated Fibres.—Most of the nerves of the sympathetic system, and 
some of the cerebro-spinal, consist of another variety of nervous fibres, which 
are called the grey or gelatinous nerve-fibres—fibres of 
kemak (fig. 58). These consist of a central core or axis Fie. 58.—A small ner. 
cylinder enclosed in a nucleated sheath, which tends vous branch from the 
to split into fibrille, and is probably of the nature of sympathetic of a mam. 
neurokeratin. In external appearance the gelatinous  ™# 
nerves are semi-transparent and grey or yellowish-grey. 
The individual fibres vary in size, generally averaging 
about half the size of the medullated fibres. 

Development of Nerve-cells and Fibres. —The nerve- 
cells are developed from certain of the cells which line 
the neural canal or form the neural crest of the embryo 
(see section on development). Some of these Pils 
assume a rounded form and are termed neuroblasts, and 
from each neuroblast there grows out a process, the 
axis-cylinder process or axon, and subsequently the 
branching processes or dendrons.. The axis cylinders, 
at first naked, acquire their medullary sheath, possibly 
by some metamorphosis of their outer layer. The 
neurilemma is thought to be derived from mesoblastic 
cells which become flattened and wrapped round the 
fibre, the cement substance at their apposed ends form- 





ing the material which stains with silver nitrate at the « Two medullated nerve-fibres 
‘ + e : among a number of grey nerve- 
nodes of Ranvier. Nerve-cells in the sympathetic and fibres, b. 


peripheral ganglia take their origin from small col- 

lections of neuroblasts, which are split off from the rudimentary spinal ganglia. 
Cells which are, originally, similar to neuroblasts seem to give rise to neuroglia 
cells, numerous processes sprouting from the cell to form the neuroglial fibres. 

Chemical Composition.—-The amount of water in nervous tissue varies with 
the situation. Thus in the grey matter of the cerebrum it constitutes about 
83 per cent., in the white matter from the sume region about 70 per cent., while 
in the peripheral nerves, such as the sciatic, it may fall to 60 per cent. The 
solids consist of proteids (in the grey matter they form half the total solids), 
neurokeratin, nuclein, protagon, lecithin, cerebrosides, cholesterin, nitrogenous 
extractives, and salts with some gelatin and fat from the adherent connective 
tissue. 

The nervous structures are divided, as before mentioned, into two great 
systems—viz. the cerebro-spinal, comprising the brain and spinal cord, the 
nerves connected with these structures, and the ganglia situated on them; and 
the sympathetic, consisting of a double chain of ganglia and the nerves connected 
with them. All these structures require separate consideration ; they are com- 
posed of the two kinds of nervous tissue above described, intermingled in various 
proportions, and having, in some parts, a very intricate arrangement. | 

The brain or encephalon is that part of the cerebro-spinal system which is 
contained in the cavity of the skull. It is divided into several parts, which 
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will be described subsequently. In these parts the grey or vesicular nervous 
matter is found on the surface of the brain, forming the convolutions of the 
cerebrum, and the lamine of the cerebellum. Again, grey matter is found in 
the interior of the brain, collected into large and distinct masses or ganglionic 
bodies, such as the corpus striatum, optic thalamus, and corpora quadrigemina. 
Finally, grey matter is found intermingled intimately with the white, but without 
definite arrangement, as in the grey matter in the pons Varclii and the floor of 
the fourth ventricle. 
The white matter of the brain is divisible into three distinct classes of fibres: 
(1) Diverging or peduncular fibres, which connect the hemispheres with the 
medulla oblongata and the spinal cord. (2) Commissural fibres, which connect 
together the two hemispheres. (3) Association fibres, which connect different 
parts of the same hemisphere. 
‘The manner in which these fibres are intermingled with each other and with 
the grey matter in: the brain and spinal cord is very intricate, and can only be 
fully understood by a careful study 


Fic. 59.—Transverse section through a miero- . the Eip a - — n 
scopic nerve, representing a compound nerve- ‘OMY. O TUngOR Cena Or 
bundle, surrounded by perineurium. Magni- Of this subject will therefore be de- 
fied 120 diameters. ferred until after the description of 

The medullated fibres are seen as circles with the various divisions of which the 
a central dot, viz. medullary sheath and axis cerebro-spinal system iS made up. 


cylinder, in transverse section. They are em- The nerves are round or flat- 
bedded in a containing numerous tened cords. formed of the nerve- 
nuclei, which belong to the connective-tissne p i , 
cells of the latter. (Klein and Noble Smith.) res already described. They are 

connected at one end with the 


cerebro-spinal centre or with the 
ganglia, and are distributed at the 
other end to the various textures 
of the body; they are subdivided 
into two great classes—the cerebro- 
spinal nerves, which proceed from 
the cerebro-spinal axis, and the 
sympathetic or ganglionic nerves, 
which proceed from the ganglia of 
the sympathetic. 

The cerebro-spinal nerves con- 
sist of numerous nerve-fibres col- 
lected together and enclosed in a 
membranous sheath (fig. 59). A 
small bundle of primitive fibres, 
enclosed in a tubular sheath, is 
called a funiculus; if the nerve is 
of small size, if may consist only 
of a single funiculus ; but if large, 

the funiculi are collected together 
Perineurium, consisting of lamin of fibrous connective- 


tissue, alternating with flattened nucleated connective-tissue into larger bundles z5 fasciculi, 
cells. %, Lymph-space between perineurium and rurface of which are bound together in ë a 


merve-bunille. common membranous investment, 
and constitute the nerve. 

In structure, the common membranous investment, or sheath of the whole 
nerve, which is called the epinewriwm, as well as the septa given off from it, and 
which separate the fasciculi, consists of connective tissue, composed of white and 
yellow elastic fibres, the latter existing in great abundance. The tubular sheath 
of the funiculi, called the perinewriwm, is a fine, smooth, transparent mem- 
brane, which may be easily separated, in the form of a tube, from the fibres it 
encloses ; in structure it is made up of connective tissue, which has a distinctly 
lamellar arrangement, consisting of several lamellx, separated from each other 
by spaces containing lymph. The nerve-fibres are held together and supported 
within the funiculus by delicate connective tissue, called the endonewrium. It 
18 continuous with septa which pass inwards from the innermost layer of the 
perineurlum, and shows a ground substance in which are embedded fine 
bundles of fibrous connective tissue which run for the most part longitudinally, 





NERVOUS TISSUE 45 


It serves to support capillary vessels, which are arranged so as to form a net- 
work with elongated meshes. The cerebro-spinal nerves consist almost exclu- 
sively of the medullated nerve-fibres, the non-medullated existing in very small 
proportions. 

The blood-vessels supplying a nerve terminate in a minute capillary plexus, 
the vessels composing which pierce the perineurium, and run, for the most part, 
parallel with the fibres; they are connected together by short, transverse vessels, 
forming narrow, oblong meshes, similar to the capillary system of muscle. Fine 
non-medullated nerve-fibres accompany these capillary vessels, vaso-motor fibres, 
and break up into elementary fibrils, which form a network around the vessel, 
Horsley has also demonstrated certain medullated fibres as running in the 
epineurium and terminating in small spheroidal tactile corpuscles or end-bulbs of 
Krause. These nerve-fibres, which Marshall believes to be sensory, and which 
he has termed nervi nervorum, are considered by him to have an important 
bearing upon certain neuralgic pains. 

The nerve-fibres, as far as is at present known, do not coalesce, but pursue 
an uninterrupted course from the centre to the periphery. In separating a 
nerve, however, into its component funiculi, it may be seen that these do not 
pursue a perfectly insulated course, but occasionally join at a very acute angle 
with other funiculi proceeding in the same direction; from this, branches are 
given off, to join again in like manner with other funiculi. It must be distinctly 
understood, however, that in these communications the nerve-fibres do not 
coalesce, but merely pass into the sheath of the adjacent nerve, become inter- 
mixed with its nerve-fibres, and again pass on, to become blended with the 
nerve-fibres in some adjoining funiculus. 

Nerves, in their course, subdivide into branches, and these frequently com- 
municate with branches of a neighbouring nerve. The communications which 
thus take place form what is called a plezus. Sometimes a plexus is formed 
by the primary branches of the trunks of the nerves—as the cervical, brachial, 
lumbar, and sacral plexuses—and occasionally by the terminal funiculi, as in 
the plexuses formed at the periphery of the body. In the formation of a plexus, 
the component nerves divide, then join, and again subdivide in such a complex 
manner that the individual funiculi become interlaced most intricately ; so that 
each branch leaving a plexus may contain filaments from each of the primary 
nervous trunks which form it. In the formation also of smaller plexuses at the 
periphery of the body there is a free interchange of the funiculi and primitive 
fibres. In each case, however, the individual filaments remain separate and 
distinct, and do not inoseulate with one another. 

Ti is probable that through this interchange of fibres the different branches 
passing off from a plexus have a more extensive connection with the spinal cord 
than if they each had proceeded to be distributed without such connection with 
other nerves. Consequently the parts supplied by these nerves have more 
extended relations with the nervous centres: by this means, also, groups of 
muscles may be associated for combined action. 

The sympathetic nerves are constructed in the same manner as the cerebro- 
spinal nerves, but consist mainly of non-medullated fibres, collected’ in funiculi, 
and enclosed in a sheath of connective tissue. There is, however, in these 
herves, a certain admixture of medullated fibres, and the amount varies in 
different nerves, and may be known by their colour. Those branches of _the 
sympathetic which present a well-marked grey colour are composed more especially 
of gelatinous nerve-fibres, intermixed with a few medullated fibres; while those 
of a white colour contain more of the latter fibres, and a few of the former. 
Occasionally, the grey and white cords run together in a single nerve, without 
any intermixture, as in the branches of communication between the sympathetic 
gangin and the spinal nerves, or in the communicating cords between the 
ganglia. 

: The nerve-fibres, both of the cerebro-spinal and sympathetic system, convey 
impressions of a twofold kind. The sensory nerves, called also centripetal or 
afferent nerves, transmit to the nervous centres impressions made upon the 
peripheral extremities of the nerves, and in this way the mind, through the 
medium of the brain, becomes conscious of external objects. The motor nerves, 
called also centrifugal or efferent nerves, transmit impressions from the nervous 
centres to the parts to which the nerves are distributed, these impressions either 
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exciting muscular contraction, or influencing the processes of nutrition, growth, 
and secretion. . a 

Origin and Termination of Nerves.—By the expression ‘the termination of 
nerve-fibres ’ is signified their connections with the nerve-centres, and with the 
parts they supply. The former are sometimes called their origin, or central 
termination; the latter their peripheral termination. The origin in some cases 
is single—that is to say, the whole nerve emerges from the nervous centre by a 
single root; in other instances the nerve arises by two or more roots, which 
come off from different parts of the nerve-centre, sometimes widely apart from 
each other, and it often happens, when a nerve arises in this way by two roots, 
that the functions of these two roots are different; as, for example, in the spinal 
nerves, each of which arises by two roots, the anterior of which is motor, and 
the posterior sensory. The point where the nerve root or roots emerge from 
the nervous centre is named the superficial or apparent origin, but the fibres of 
which the nerve consists can be traced for a certain distance into the nervous 
centre to some portion of the grey substance, which constitutes the deep or real 
origin of the nerve. The manner in which these fibres arise at their deep origin 
varies with their functions. The centrifugal or efferent nerve-fibres originate in 
the nerve-cells of the grey substance, the axis-cylinder processes of these cells 
being prolonged to form the fibres. In the case of the centripetal or afferent 
nerves the fibres grow inwards either from nerve-cells in the organs of special 
sense (e.g. the retina) or from nerve-cells in the ganglia. Having entered the 
nerve-centre they branch and send their ultimate twigs among the cells, without, 
however, uniting with them. | 

Peripheral Terminations of Nerves.-Nerve-fibres terminate peripherally in 
various ways, and these may be conveniently studied in the sensory and motor 
nerves respectively. Sensory nerves would appear to terminate either in minute 
primitive fibrille or networks of these ; or else in special terminal organs, which 
have been termed peripheral end-organs, and of which there are several principal 
varieties, viz. the end-bulbs of Krause, the tactile corpuscles of Wagner, the 
Pacinian corpuscles, and the neuro-tendinous and neuro-muscular spindles. 

Termination in Fibrille.—When a medullated nerve-fibre approaches its 
termination, the white matter of Schwann suddenly disappears, leaving only the 
axis cylinder, surrounded by the neurilemma, and forming a non-medullated 
fibre. This, after a time, loses its neurilemma, and consists only of an axis 
cylinder, which can be seen, in preparations stained with chloride of gold, to be 
made up of fine varicose fibrils. Finally, the axis cylinder breaks up into its 
constituent primitive nerve-fibrille, which often present regular varicosities and 
anastomose with one another, thus forming a network. This network passes 

between the elements of the tissue to which the 

Fig. 60.—End-bulb of Krause. nerves are distributed, which is always epithe- 

i: Z lial, the nerve-fibrils lying in the interstitial 

substance between the epithelial cells, and there 

terminating, though some observers maintain 

that the actual terminations are within the 

cells. In this way nerve-fibres have been found 

to terminate in the epithelium of the skin and 

mucous membranes, and in the anterior epithe- 
lium of the cornea. 

The end-bulbs of Krause (fig. 60) are minute 
cylindrical or oval bodies, consisting of a capsule 
formed by the expansion of the connective-tissue 
sheath of a medullated fibre, and containing a 
soft semi-fluid core in which the termination of 
the axis cylinder is situated, ending either as a 
bulbous extremity, or in a coiled-up plexiform 
a Cee fibre È pgapsule of mass. Hnd-bulbs are found in the conjunctiva 

‘ rom Klein’s ‘Elements of : : 
Histology.’) of the eye, where they are spheroidal in shape 
in man, but cylindrical in most other animals, in 
the mucous membrane of the lips and tongue, and in the epineurium of nerve- 
trunks. They are also found in the genital organs of both sexes, the penis in the 
male and the clitoris in the female. In this situation they have a mulberry-like 
appearance, from being constricted by connective-tissue septa into from two to 
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six knob-like masses, and have received the name of genital corpuscles. Very 
similar corpuscles are found in the epineurium of nerve-trunks. In the synovial 
membrane of certain joints (e.g. those of the fingers), rounded or oval end-bulbs 
have been found ; these are designated articular end-bulbs. 

Tactile corpuscles have.been described by Grandry as occurring in the papillee 
of the beak and tongue of birds, and by Merkel as occurring in the papille and 
epithelium of the skin of man and ani- 
mals, especially in those parts of the Fic. 61.—Papilla of the hand, treated 
skin devoid of hair. They consist of a With acetic acid. Magnified 350 times. 
capsule composed of a very delicate, 23 
nucleated membrane, and contain two 
or more granular, somewhat flattened 
cells, between which the medullated 
nerve-fibre, which enters the capsule by 
piercing itis investing membrane, is sup- 
posed to terminate. 

The tactile corpuscles (fig. 61), de- 
scribed by Wagner and Meissner, are 
oval-shaped bodies, made up of connec- 
tive tissue, and consisting of a capsule, 
and imperfect membranous septa, de- 
rived from it, which penetrate its interior, 
The axis cylinder of the medullated A, Side view of a papilla of the hand, a, Cortical layer. 
fibres passes through the capsule, and b. Tacite oo with o per Cane. 
having entered the corpuscle terminates nervous fibres rauning with apiral coils ‘around the 
in a small globular or pyriform en- factie corpuscle, e. Apparent termination of one of 
largement, near the inner surface of as to show its transverse section, a, Cortical layer. 
the capsule. These tactile corpuscles È Nerresiore._ Outer ayer of the taotile body, with 
have been described as occurring in the 
papille of the corium of the hand and foot, the front of the forearm, the skin 
of the lips, and the mucous membrane of the tip of the tongue, the palpebral 
conjunctiva, and the skin of the nipple. They are not found in all the papille ; 
but from their existence in those parts in which the skin is highly sensitive, it 
is probable that they are specially concerned in the sense of touch, though their 
absence from the papilla of other tactile parts shows that they are not essential 
to this sense. 

Ruffini has described a special variety of nerve-ending in the subcutaneous 
tissue of the human finger (fig. 62). These are usually known as Ruffini’s endings. 





Fie. 62.—Nerve-ending of Ruffini. 
(After A. Ruffini, ‘Arch. ital. de Biol. Turin,’ t. xxi. 1894.) 
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They are principally situated at the junction of the corium with the subcutaneous 
tissue ; they are oval in shape, and consist of a strong connective-tissue sheath, 
inside which the nerve-fibre divides into numerous branches, which show vari- 
cosities and end in small free knobs. They resemble the organs of Golgi. 

The Pacinian corpuscles * (fig. 63) are found in the human subject chiefly on 
the nerves of the palm of the hand and sole of the foot and in the genital organs 


* Often called in German anatomical works ‘ corpuscles of Vater,’ 
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of both sexes lying in the subcutaneous tissue ; but they have also been described 
as connected with the nerves of the joints, and in some other situations, as the 
mesentery of the cat and along the tibia 
Fig. 63.—Pacinian corpuscle, with of the rabbit. Each of these corpuscles is 
its system of capsules and central attached to and encloses the termination of 
cavity. a single nerve-fibre. The corpuscle, which 
= is perfectly visible to the naked eye (and 
which can be most easily demonstrated in 
the mesentery of a cat), consists of a num- 
ber of lamella or capsules arranged more 
or less concentrically around a central clear 
space, in which the nerve-fibre is contained. 
Each lamella is composed of bundles of fine 
connective-tissue fibres, and is lined on its 
inner surface by a single layer of flattened 
epithelioid cells. The central clear space, 
which is elongated or cylindrical in shape, 
is filled with a transparent material, in the 
middle of which is the single medullated 
fibre, which traverses the space to near its 
distal extremity. Here it terminates in a 
rounded knob or end, sometimes bifurcating 
previously, in which case each branch has 
a similar arrangement, Todd and Bowman 
have described minute arteries as entering 
hy the sides of the nerves and forming capil- 
lary loops in the intercapsular spaces, and 
even penetrating into the central space. 
Other authors describe the artery as enter- 
ing the corpuscle at the pole opposite to the 
nerve-fibre. 
ihj Herbst has described a somewhat similar 
ah Oke ae epee — < nerve-ending ’ to the Pacinian corpuscle, as 
one penetrates to the central capsnle, b. The being found in the mucous membrane of 
neurilemma, n. Nerve-tube. E aari to the the tongue of the duck, and in some other 
central capsule, there | losing its white matter, situations. It differs, however, from the 
where itis Axed by A tubercular enlargement. acinian corpuscles, in being smaller, its 
capsule thinner and more closely approxi- 
mated, and especially in the fact that the axis cylinder in the central clear 
Space is coated with a continuous row of nuclei. These bodies are known as 
the corpuscles of Herbst. 
Nenro-tendinous spindles.—The nerves supplying tendons have a special 
modification of the terminal fibres, especially numerous at the point where the 






Fra. 64.—Organ of Golgi (neuro-tendinous spindle) from the human tendo Achillis. 
(After Ciaccio. ) 
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tendon is becoming muscular. The tendon bundles become enlarged, and the 
nerve-ñbres—one, two, or more in number—penetrate between the fasciculi of 
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the tendon and Spread out between the fibres to end in irregular discs or 
varicosities. A spindle-shaped body is thus formed, composed of tendon bundles 
and nerve-fibres, which is known as the organ of Golgi (fig. 64). 

Neuro-nuscular spindles.—In the majority of voluntary muscles there have 
been found special end-organs consisting of a small bundle of peculiar muscular 
fibres (intrafusal fibres), embryonic in t pe, invested by a capsule, within which 
nerve-fibres, experimentally shown to be sensory. in origin, terminate. These 
neuro-muscular spindles vary in length from sy to 4 of an inch and have a 
distinctly fusiform appearance. The large medullated nerve-fibres passing to the 
end-organ are from one to three or four in number ; entering the fibrous capsule, 
they divide several times, and, losing their medulla, ultimately end in naked axis 
cylinders encircling the intrafusal fibres by: flattened expansions, or irregular 
ovoid or rounded discs (fig. 65). Neuro-muscular spindles have not yet been 
demonstrated in the tongue or eye muscles. 

In the organs of special sense the nerves appear to terminate in cells, which 
belong to the epithelial class, and have received the name of sensory or nerve- 
epithelium cells. This is not, however, the real state of the case ; the nerve- 
fibre is in reality a process from the epithelial cell, and terminates by branch- 
ing around a ganglion-cell. The stimulus carried by it is continued onwards 
by an axis cylinder, derived from the ganglion, to the brain. These nerve- 


Fie. 65.—Middle third of a terminal plaque in the muscle spindle of an 
adult cat. (After Ruffini.) 
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epithelium cells must therefore be regarded as modified forms of nerve-cells. 
They will be more particularly described in the chapter on the organs of special 
sense. 

Motor nerves are to be traced either into unstriped or striped muscular fihres. 
In the unstriped or involuntary muscles the nerves are derived from the sympa- 
thetic, and are composed mainly of the non-medullated fibres, Near their termi- 
nation they divide into a number of branches, which communicate and form an 
intimate plexus. At the junction of the branches small triangular nuclear bodies 
(ganglion-cells) are situated. From these plexuses minute branches are given 
off, which divide and break up into the ultimate fibrille of which the nerve is 
composed. These fibrillæ course between the involuntary muscle-cells, and, 
according to Elischer, terminate on the surface of the cell, opposite the nucleus, 
in a minute swelling. Arnold and Frankenhiuser believed that these ultimate 
fibrille penetrated the muscular cell, and ended in the nucleus. More recent 
observation has, however, tended to disprove this. 

In the striped or voluntary muscle, the nerves supplying the muscular fibres 
are derived from the cerebro-spinal nerves, and are composed mainly of medul- 
lated fibres. The nerve, after entering the sheath of the muscle, breaks up into 
fibres, or bundles of fibres, which form plexuses, and gradually divide until, as a 
rule, a single nerve-fibre enters a single muscular fibre. Sometimes, however, 
if the muscular fibre is long, more than one nerve-fibre enters it. Within the 
muscular fibre the nerve terminates in a special expansion, called by Kühne, 
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who first accurately described them, motorial end-plates (fig. 66).* The nerve- 
fibre, on approaching the muscular fibre, suddenly loses its white matter of 
Schwann, which abruptly terminates ; the neurilemma becomes continuous with 


Wia, 66.—Muscular fibres of Lacerta viridis with the terminations of nerves. 
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a. Seen in profile. P P. The nerve end-plates. S8. The base of the plate, consisting of a granular mass with nuclei. 
b. The same as seen in looking at a perfectly fresh fibre, the nervous ends being prohably still excitable. (The forms 
of the variously divided plate can hardly be represented in a woodcut by sufficiently delicate and pale contours to 
reproduce correctly what is seen in nature.) c. The same as seen two hours after death from poisoning by ourare. 


the sarcolemma of the muscle, and only the axis cylinder enters the muscular 
fibre, where it at once spreads out, ramifying like the roots of a tree, imme- 
diately beneath the sarcolemma, and 

Fic. 67.—Section through a microscopio is embedded in a layer of granular 

ganglion. Magnified 300 diameters. matter, containing a number of clear, 

(Klein and Noble Smith.) oblong nuclei, the whole constituting 
an end-plate from which the con- 
tractile wave of the muscular fibre is 
said to start. 

The Ganglia may be regarded 
as separate small aggregations of 
nerve-cells, connected with each 
other, with the cerebro-spinal axis, 
and with the nerves in various 
situations. They are found on the 
posterior root of each of the spinal 
nerves ; on the posterior or sensory 
root of the fifth cranial nerve; on 
the facial and auditory nerves ; on 
the glosso-pharyngeal and pneumo- 
gastric nerves. They are also found 
in @ connected series along each side 
of the vertebral column, forming the 
trunk of the sympathetic; and on 
the branches of that nerve, generally 
in the plexuses or at the point of 

Pe ees a junction of two or more nerves with 
 Gapsole of the ganglion. m Nervesbres passing out Gach other, or with branches of the 

satas meik owes TA Cee a ues a a S 

structure are not shown, owing to the low magnifying they are seen to consist of a reddish- 

power. ang Gngion-cels are inverted by a special grey substance, traversed by numo- 
sented as if contained in the capsule. rous white nerve-fibres ; they vary 

l considerably in form and size; the 

largest are found in the cavity of the abdomen; the smallest, not visible 
to the naked eye, exist in considerable numbers upon the nerves distributed to 
the different viscera. The ganglia are invested by a smooth and firm, closely 


* They had, however, previously been noticed, though not accurately described, by 
Doyére, who named them ‘ nerve-hillocks.’ 
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adhering, membranous envelope, consisting of dense areolar tissue: this sheath 
is continuous with the perineurium of the nerves, and sends numerous processes 
into the interior of the ganglion, which Support the blood-vessels supplying its 
substance. 

In structure all ganglia are essentially similar (fig. 67), consisting of the same 
structural elements—viz. a collection of nerve-cells and nerve-fibres. Each nerve- 
cell has a nucleated sheath, which is continuous with the sheath of the nerve-fibre 
with which the cell is connected. The nerve-cells in the ganglia of the spinal 
nerves are pyriform in shape, and have only one process, the axis cylinder or 
axon. A short distance from the cell and while still within the ganglion this 


process divides in a T-shaped manner, one limb of the cross-bar passing centrally 
and forming the central portion of a sen- 


sory nerve-fibre ; the other limb passing 
peripherally to form the axis-cylinder 
process of the peripheral nerve-fibre. In 
the sympathetic ganglia the nerve-cells 
are multipolar and have one axis-cylinder 
process or axon and several protoplasmic 
processes or dendrons. The former of 
these emerges from the ganglion as a 
non-medullated nerve-fibre. Similar cells 
are found in the ganglia connected with 
the fifth cranial nerve, and these ganglia 
are therefore regarded by some as the 
cranial portions of the sympathetic sys- 
tem. The nerve-cells are disposed in the 
ganglia in groups of varying size, and 
these groups are separated from each 
other by bundles of nerve-fibres, some 
of which traverse the ganglia without 
being connected with the cells. 


Fic. 68.—Transverse section through a 
small artery and vein of the mucous 
membrane of the epiglottis of a child. 
Magnified abont 350 diameters. (Klein 
and Noble Smith.) 


THE VASCULAR SYSTEM 


The Vascular System, exclusive of its 
central organ, the heart, is divided into 
four classes of vessels: the arteries, 





A. Artery, showing the nucleated endothelium, e, which 
lines it: the vessel being contracted, the endothelial 


capillaries, veins, and lymphatics. The 
minute structure of these vessels will be 
briefly described here, the reader being 
referred to the body of the work for the 
details of their ordinary anatomy. 
Structure of Arteries (fig. 68).—The 
arteries are composed of three- coats: 
Internal or endothelial coat (tunica in- 
tema of Kölliker); middle muscular coat 


cells appear very thick. Underneath the eudothelium 
is the wavy elastic intima, The chief part of the wall 
of the vessel is occupied by the circular muscle- 
coat m: the staff-shaped nuclei of the muscle-cells 
are well seen. Outside this is a, part of the adven- 
titia, This is composed of bundles of connective- 
tissue fibres, shown in section, with the nuclei of the 
connective-tissue corpuscles. The adventitia gradu- 
ally merges into the surrounding connective tissue, 
v. Vein showing a thin endothelial membrane, e, 
raised accidentally from theintima, which on account 
of its delicacy is seen aga mere line on the media m. 
This latter is composed of a few circular unstriped 
musole-cells, e. The adventitia, similar in structure 


(tunica media); and external connective- to that of an artery. 


tissue coat (tunica adventitia). 

The two inner coats together are very easily separated from the external, as 
by the ordinary operation of tying a ligature on an artery. If a fine string be 
tied forcibly upon an artery and then taken off, the external coat will be found 
undivided, but the internal coats are divided in the track of the ligature and can 
casily be further dissected from the outer coat. The inner coat can be separated 
from the middle by a little maceration, or it may be stripped off in small pieces ; 
but, on account of its friability, it cannot be separated as a complete membrane. 
It is a fine, transparent, colourless structure which is highly elastic, and is 
commonly corrugated into longitudinal wrinkles. The inner coat consists of : 
(1) A layer-of pavement-endothelium, the cells of which are polygonal, oval, or 
fusiform, and have very distinct round or oval nuclei. This endothelium is 
brought into view most distinctly by staining with nitrate of silver. (2) A sub- 
endothelial layer, consisting of delicate connective tissue with branched cells 

E 2 
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lying in the interspaces of the tissue. In arteries of less than a line in diameter 
the subendothelial layer consists of a single stratum of stellate cells, and the 
connective tissue is only largely developed in vessels of a considerable size. 
(3) An elastic or fenestrated layer, which consists of a membrane containing a 
network of elastic fibres, having principally a longitudinal direction, and in which, 
under the microscope, small elongated apertures or perforations may be seen, 
giving it a fenestrated appearance. It was therefore called by Henle the 
fenestrated membrane. This membrane forms the chief thickness of the inner 
coat, and can be separated into several layers, some of which present the appear- 
ance of a network of longitudinal elastic fibres, and others present œ more 
membranous character, marked by pale lines having a longitudinal direction. 
The fenestrated membrane in microscopie arteries is a very thin layer; but 
in the larger arteries, and especially in the aorta, it has a very considerable 
thickness. 

The middle coat (twnica media) is distinguished from the inner by its colour 
and by the transverse arrangement of its fibres, in contradistinction to the 
longitudinal direction of those of the inner coat. In the smaller arteries it consists 

principally of muscular 

Fic. 69.—Longitudinal section of artery and vein. tissue, being made up of 
plain muscle-fibres in fine 
bundles, arranged in la- 
melle and disposed circu- 
larly around the vessel. 
These lamellae vary in 
number according to the 
size of the vessel ; the very 
small arteries having only 
a single layer, and those 
not larger than one-tenth 
of a line in diameter three 
or four layers. It is to 
this coat that the great 
thickness of the walls of 
the artery is mainly due 
(tig.68,a,m). Inthe larger 
vessels, as the iliac, fe- 
moral, and carotid, elastic 
fibres unite to form la- 
mellz, which alternate 
a. An artery from the mesentery of a child, ‘o62’”, and b, vein ‘o67"" in with the layers of muscu- 


diameter, treated with acetic acid and magnified 350 times. a. Tunica f 
adventitia, with elongated nuclei. p. Nuclei of the'contractile fibrecetls lar fibre and are united 
ro 


of the tunica media, seen partl m tbe surface, partly a i j j 
a eo. y- Nuclei of the endothelial mua ô. Elastic m si ss TN te ae 
bundles, and are connected 

with the fenestrated membrane of the inner coat (fig. 70). In the largest arteries, 

as the aorta and innominate, the amount of elastic tissue is very considerable. 

In these vessels also bundles of white connective tissue have been found in 

small quantities in the middle coat. The muscle-fibre cells of which the middle 

coat is made up. are about 5}, of an inch in length and contain well-marked, 
rod-shaped nuclei, which are often slightly curved. 

The external coat (tunica adventitia) consists mainly of fine and closely felted 
bundles of white connective tissue, but also contains elastic fibres in all but the 
smallest arteries. The elastic tissue is much more abundant next the tunica 
media, and it is sometimes described as forming here, between the adventitia and 
media, a special layer, the tunica elastica externa of Henle. This layer is most 
marked in arteries of medium size. In the largest vessels the external coat is 
relatively thin ; but in small arteries it is of greater proportionate thickness. In 
the smaller arteries it consists of a single layer of white connective tissue and 
elastic fibres ; while in the smallest arteries, just above the capillaries, the elastic 
fibres are wanting, and the connective tissue, of which the coat is composed, 
becomes more homogeneous the nearer it approaches the capillaries, and is 
gradually reduced to a thin membranous envelope, which finally disappears. 

Some arteries have extremely thin coats in proportion to their size; this is 
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especially the case in those situated in the cavity of the cranium and spinal 
canal, the difference depending on the greater ie es of the external and 
middle coats. 

The arteries, in their distribution throughout the body, are included in a thin 
fibro-areolar investment, which forms what is called their sheath. In the limbs 
this is usually formed by a prolongation of the deep fascia ; in the upper part of 
the thigh it consists of a continuation downwards of the transversalis and iliac 
fascise of the abdomen ; in the neck, of a prolongation of the deep cervical fascia. 
The included vessel is loosely connected with its sheath by delicate areolar 
tissue ; and the sheath usually encloses the accompanying veins, and some- 
che nerve. Some arteries, as those in the cranium, are not included in 
sheaths. 

All the larger arteries are supplied with blood-vessels like the other organs of 
the body ; they are called the vasa vasorum. These nutrient vessels arise from 
@ branch of the artery or from a neighbouring vessel, at some considerable 
distance from the point at which they are distributed ; they ramify in the loose 
areolar tissue con- 


necting the artery Fig. 70.—Section of a medium-sized artery. 

with its sheath, and (After Griinstein.) 

are distributed to the Endothelial and sub- 
external coat, but do , i eign layer of 
not, in man, pene- AS A AAI Mi- = Elastic layer 

trate the other coats ; ENEN e S 


though in some of 
the larger mammals 
some few vessels 
have been traced 
into the middle coat. 
Minute veins serve 
to return the blood 
from these vessels ; 
they empty them- 
selves into the vein 
or veins accompany- 
ing the artery. Lym- 

hatic vessels and 
ymphatiec spaces are 
also present in the 
outer coat. 

Arteries are also 
supplied with nerves, 
which are derived 
chiefly from the sym- 
pathetic, but partly 
from the cerebro- freee 
spinal system. The 2 ee 
retail E iate cle 
plexuses upon the l 
surfaces of the larger trunks, and run along the smaller arteries as single 
filaments or bundles of filaments, which twist around the vessel and unite with 
each other in a plexiform manner, The branches derived from these plexuses 
penetrate the external coat and are principally distributed to the muscular tissue 
of the middle coat, and thus regulate, by causing the contraction and relaxation 
of this tissue, the amount of blood sent to any part. 

The Capillaries.—The smaller arterial branches (excepting those of the caver- 
nous structure of the sexual organs, of the spleen, and in the uterine placenta) 
terminate in a network of vessels which pervade nearly every tissue of the body. 
These vessels, from their minute size, are termed capillaries (capillus, a ‘ hair’). 
They are interposed between the smallest branches of the arteries and the com- 
mencing veins, constituting a network, the branches of which maintain the same 
diameter throughout ; the meshes of the network being more uniform in shape 
and size than those formed by the anastomoses of the small arteries and veins. — 

The diameter of the capillaries varies in the different tissues of the body, their 
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usual size being about gwg Of an inch, The smallest are those of the brain, and 
the mucous membrane of the intestines; and the largest those of the skin and the 
marrow of bone, where they are stated to be as large as yglyy of an inch. The 
form of the capillary net varies in the different tissues, the meshes being generally 
rounded or elongated. 
The rounded form of mesh is most common, and prevails where there is a 
dense network, as in the lungs, in most glands and mucous membranes, and in 
the cutis ; here the meshes are more or less angular, sometimes nearly quadran- 
gular, or polygonal, or more often irregular and not of an absolutely circular 
outline. 
Elongated meshes are observed in the muscles and nerves, the meshes being 
usually of a parallelogram form, the long axis of the mesh running parallel 
with the long axis of the nerve and fibre. Sometimes. the capillaries have a 
looped arrangement ;.a single vessel projecting from the common network and 


Fic. 71.—Capillaries from Fic. 72.—Finest vessels on the arterial side. From 
the mesentery of a guinea- the human brain. Magnified 300 times. 
pig after treatment with 
solution of nitrate of silver. 





a, Cells, b, Their nuclei. 





returning after forming 
one or more loops, as in 


: 1. Smallest artery. 2. Transition vessel. 3. Coarser capillaries. 4. 
the papille of the tongue Finer capillaries. a. Structureless memiinme eiinwith eolie ilies, 
and skin. representative of the tunica adventitia. b. Nuclei of the muscular 

T fibre-cells, c. Nuclei within the small artery, perhaps appertaining 
he number of the to an endothelium. d, Nuclei in the transition vessels. 


capillaries, and the size 
of the meshes, determine the degree of vascularity of a part. The closest network 
and the smallest interspaces are found in the lungs and in the choroid coat of the 
eye. In these situations the interspaces are smaller than the capillary vessels 
themselves. In the kidney, in the conjunctiva, and in the cutis the interspaces 
are from three to four times as large as the capillaries which form them; and 
in the brain from eight to ten times as large as the capillaries in their long 
diameter, and from four to six times as large in their transverse diameter. In the 
adventitia of arteries the width of the meshes is ten times that of the capillary 
vessels. As a general rule, the more active the function of the organ, the closer 
1s its capillary net and the larger its supply of blood ; the meshes of the network 
are very narrow in all growing parts, in the glands and in the mucous mem- 
branes ; wider in bones and ligaments, which are comparatively inactive; and 
nearly altogether absent in tendons, in which very little organic change occurs 
after their formation. 

Structure.— The walls of the capillaries consist of a fine transparent endothelial 
layer, composed of cells joined edge to edge by an interstitial cement substance, 
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and continuous „with the endothelial cells which line the arteries and veins. 
When stained with nitrate of silver the edges which bound the epithelial cells are 
brought into view (fig. 71). These cells are of large size and of an irregular 
piena! or lanceolate shape, each containing an oval nucleus which may be 
rought into view by carmine or hematoxylin. Between their edges, at various 
pus of their meeting, roundish dark spots are sometimes seen, which have 
een described as stomata, though they are closed by intercellular substance. 
r- have been believed to be the situation through which the white corpuscles 
of the blood, when migrating from the blood-vessels, emerge; but this view, 
though probable, is not universally accepted. 

Kolossow, a Russian observer, describes these cells as having a rather more 
complex structure. He states that they consist of two parts: of hyaline ground- 
plates, and of a protoplasmic granular part, in which is embedded the nucleus, on 
the outside of the ground-plates. The hyaline internal coat of the capillaries 
does not form a complete membrane, but consists of ‘ plates’ which are inelastic, 


Fic. 73.—Section of a medium-sized vein. 
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and though in contact with each other, are not continuous; when therefore the 
capillaries are subjected to intravascular pressure, the plates become separated 
Írom each other; the protoplasmic portions of the cells, on the other hand, are 
united together. 

In many situatjons a delicate sheath or envelope of branched nucleated 
connective-tissue cells is found around the simple capillary tube, particularly in 
the larger ones ; and in other places, especially in the glands, the capillaries are 
invested with retiform connective tissue. 

In the largest capillaries (which ought, perhaps, to be described rather as the 
smallest arteries or pre-capillaries) there is, outside the epithelial layer, a muscular 
layer, consisting of contractile fibre-cells, arranged tranversely, as in the tunica 
media of the arteries (fig. 72). . Í 

The veins, like the arteries, are composed of three coats—internal, middle, and 
external ; and these coats are, with the necessary modifications, analogous to the 
coats of the arteries ; the internal being the endothelial, the middle the muscular, 
and the external the connective or areolar (fig. 73). The main difference between 
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the veins and the arteries is in the comparative weakness of the middle coat. of 
the former, and to this is due the fact that the veins do not stand open when 
divided, as the arteries do, and that they are passive rather than active organs of 
the circulation. 

In the veins immediately above the capillaries the three coats are hardly to 
be distinguished. The endothelium is supported on an outer membrane separable 
into two layers, the outer of which is the thicker, and consists of a delicate, 
nucleated membrane (adventitia), while the inner is composed of a network of 
longitudinal elastic fibres (media). In the veins next above these in size (one- 
Gfth of a line according to Kölliker) a connective-tissue layer containing nume- 
rous muscle-fibres circularly disposed can be traced, forming the middle coat, 
while the elastic and connective-tissue elements of the outer coat become more 
distinctly perceptible. In the middle-sized veins the typical structure of these 
yescels becomes clear. The endothelium is of the same character as in the 
arteries, but its cells are more oval and less fusiform. It is supported by a 
connective-tissue layer, consisting of a delicate network of branched cells, and 
external to this is a layer of elastic fibres disposed in the form of a network in 
place of the definite fenestrated membrane seen in arteries. This constitutes the 
internal coat. The middle coat is composed of a thick layer of connective tissue 
with elastic fibres, intermixed, in some veins, with a transverse layer of muscular 
tissue. The white fibrous element is in considerable excess, and the elastic fibres 
are in much smaller proportion in the veins than in the arteries. The outer coat 
consists of areolar tissue, as in the arteries, with longitudinal elastic fibres. In 
the largest veins the outer coat is from two to five times thicker than the middle 
coat, and contains a large number of longitudinal muscular fibres. This is most 
distinct in the inferior vena cava, especially at the termination of this vein in the 
heart, in the trunks of the hepatic veins, in all the large trunks of the vena porte, 
in the splenic, superior mesenteric, external iliac, renal and azygos veins. In 
the renal and portal veins it extends through the whole thickness of the outer 
coat, but in the other veins mentioned a layer of connective and elastic tissue is 
found external to the muscular fibres. . All the large veins which open into the 
heart are covered for a short distance with a- layer of striped muscular tissue 
continued on to them from the heart. Muscular tissue is wanting—(z) in the 
veins of the maternal part of the placenta ; (2) in the venous sinuses of the dura 
mater and the veins of the pia mater of the brain and spinal cord; (3) in the 
veins of the retina ; (4) in the veins of the cancellous tissue of bones; (5) in the 
venous spaces of the corpora cavernosa. The veins of the above-mentioned 
parts consist of an internal endothelial lining supported on one or more layers of 
areolar tissue. 

Most veins are provided with valves, which serve to prevent the reflux of the 
blood. They are formed by a reduplication of the inner coat, strengthened by 
connective tissue and elastic fibres, and are covered on both surfaces with endo- 
thelium, the arrangement of which differs on the two surfaces. On the surface 
of the valve next the wall of the vein, the cells are arranged transversely; while 
on the other surface, over which the current of blood flows; the cells are arranged 
vertically in the direction of the current. The valves are semilunar. They are 
attached by their convex edge to the wall of the vein ; the concave margin is free, 
directed in the course of the venous current, and lies in close apposition with the 
wall of the vein as long as the current of blood takes its natural course; if, how- 
ever, any regurgitation takes place, the valves become distended, their opposed 
edges are brought into contact, and the current is interrupted. Most commonly 
two such valves are found placed opposite one another, more especially in the 
smaller veins or in the larger trunks at the point where they are joined by 
smaller branches; occasionally there are three and sometimes only one. The 
Cae of the vein on the cardiac side of the point of attachment of each segment 
o the valve is expanded into a pouch or sinus, which gives to the vessel, when 
injected or distended with blood, a knotted appearance. The valves are very 
e in the veins of the extremities, especially of the lower extremities ; 
aan vessels having to conduct the blood against the force of gravity. They are 
absent in the very small veins, i.e. those less than ,!, of an inch.in diameter, also 
nh td venæ cave, the hepatic veins, portal vein and most of its branches, the 
ave ia and ovarian veins. A few valves are found in the spermatic veins, 

at their point of junction with the renal vein and inferior vena cava 
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respectively. The cerebral and spinal veins, the veins of the cancellated tissue 
of bone, the pulmonary veins, and the umbilical vein and its branches, are also 
destitute of valves, They are occasionally found, few in number, in the vene 
azygos and intercostal veins. 

The veins are supplied with nutrient vessels, vasa vasorum, like the arteries. 
Nerves also are distributed to them in the same manner as to the arteries, but in 
much less abundance, 

The lymphatic vessels, including in this term the lacteal vessels, which are 
identical in structure with them, are composed of three coats. The internal is 
an endothelial and elastic coat. I is thin, transparent, slightly elastic, and ruptures 
sooner than the other coats. It is composed of a layer of elongated endothelial 
cells with serrated margins, by which the adjacent cells are dovetailed into one 
another. These are supported on an elastic membrane. The middle coat is 
composed of smooth muscular and fine elastic fibres, disposed in a transverse 
direction. The external coat consists of connective tissue, intermixed with 
smooth muscular fibres, longitudinally or obliquely disposed. It forms a pro- 
tective covering to the other coats, and serves to connect the vessel with the 
neighbouring structures. The above description applies only to the larger 
lymphatics ; in the smaller vessels there is no muscular or elastic coat, and their 
structure consists only of a connective-tissue coat, lined by endothelium. The 
thoracic duct is a somewhat more complex structure than the other lymphatics ; 
it presents a distinct subendothelial layer of branched corpuscles, similar to that 
found in the arteries, and in the middle coat is a layer of connective tissue with 
its fibres arranged longitudinally. The lymphatics are supplied by nutrient 
vessels, which are distributed to their outer and middle coats; and here also 
nae. been traced many non-medullated nerve-fibres in the form of a fine plexus 
of fibrils, 

The lymphatics are very generally provided with valves, which assist 
materially in effecting the circulation of the fluid they contain. These valves 
are formed of a thin layer of fibrous tissue, lined on both surfaces by endothelium, 
which presents the same arrangement upon the two surfaces as was described 
in connection with the valves of veins. Their form is semilunar ; they are 
attached by their convex edge to the sides of the vessel, the concave edge being 
free and directed along the cofirse of the contained current. Usually two such 
valves, of equal size, are found opposite one another ; but occasionally exceptions 
occur, especially at or near the anastomoses of lymphatic vessels. Thus, one 
valve may be of very rudimentary size and the other increased in proportion. 

The valves in the lymphatic vessels are placed at much shorter intervals than 
in the veins. They are most numerous near the lymphatic glands, and they are 
found more frequently in the lymphatics of the neck and upper extremity than in 
the lower. The wall of the lymphatics immediately above the point of attach- 
ment of each segment of a valve is expanded into a pouch or sinus, which gives 
to these vessels, when distended, the knotted or beaded appearance which they 
present. Valves are wanting in the vessels composing the plexiform network in 
which the lymphatics usually originate on the surface of- the body. 

Origin of Lymphatics —The finest visible lymphatic vessels (lymphatic capil- 
laries) form a plexiform network in the tissues and organs, and they consist of m 
single layer of endothelial plates, with more or less sinuous margins. These vessels 
commence in an intercommunicating system of clefts or spaces, which have no 
complete endothelial lining, in the connective tissue of the different organs. They 
have been named the rootlets of the lymphatics, and are identical wit the spaces 
in which the connective-tissue corpuscles are contained. This then is properly 
regarded as one method of their commencement, where the lymphatic vessels 
are apparently continuous with spaces in the connective tissue, and Klein has 
described and figured a direct communication between these spaces and the 
lymphatic: vessel.* But the lymphatics have also other modes of origin, for 
the intestinal lacteals commence by closed extremities, though some observers 
believe that the closed extremity is continuous with a minute network contained 
in the substance of the villus, through which the lacteal is connected with the 
endothelial cells covering it. Again, it seems now to be conclusively proved that 
the serous membranes present stomata or openings between the endothelial cells 


58 GENERAL ANATOMY OR HISTOLOGY 


(fig. 74), by which there is an open communication with the lymphatic system 
and through which the lymph is thought to be pumped by the alternate dilatation 
and contraction of the serous surface, due-to the movements of respiration and 
circulation, so that the serous and synovial sacs may be regarded, in a certain sense, 
as large lymph cavities or sinuses.* Von Recklinghausen was the first to observe 
the passage of milk and other coloured fluids through these stomata on the peri- 
toneal surface of the central tendon of the diaphragm. Again, in most glandular 
structures the lymphatic capillaries have a lacunar origin. Here they begin in 
irregular clefts or spaces in the tissue of the part ; occupying the penetrating con- 
nective tissue and surrounding the lacune.or tubules of the gland, and in many 
places separating the capillary network from the alveolus or tubule, so that 
the interchange between the blood and the secreting cells of the part must be 
carried on through these lymph-spaces or lacunæ. Closely allied to this is the 
mode of origin of lymphatics in perivascular and perineural spaces. Sometimes 
a minute artery may be seen to be ensheathed 
for a certain distance by a lymphatic capillary 
vessel, which is often many times wider than a 
blood capillary. These are known as perivascular 
lymphatics. 

Terminations of Lymphatics.—The lymphatics, 
including the lacteals, discharge their contents 
into the veins at two points: namely, at the 
angles of junction of the subclavian and internal 
jugular veins: on the left side by means of the 
thoracic duct, and on the right side by the right 
lymphatic duct. (See description of lymphatics.) 

Lymphatic Glands (lymph glands) are small 
oval or bean-shaped bodies, situated in the course 
of lymphatic and lacteal vessels so that the lymph 
and chyle pass through them on their way to the 
blood. They generally present on one side a slight 
depression—the hilwm—through which the blood- 
vessels enter and leave the interior. The efferent 
lymphatic vessel also emerges from the gland at 
this spot, while the afferent vessels enter the organ 
at different parts of the periphery. On section 
(fig. 75), a lymphatic gland displays two different 
structures: an external, of lighter colour—the 
cortical; and an internal, darker—the medullary. 
The cortical structure does not form a complete 
investment, but is deficient at the hilum, where 
1. Endothelium from the under surface of the medullary portion reaches the surface of the 

a. Stomata. a Enlothelinm of the gland; so that the efferent vessel is derived 
A sree a eon directly from the medullary structure, while the 
same animal. b. Free orifices of short afferent vessels empty themselves into the cortical 
(Copies anes of the pphammals. substance. 

( dwig, Schweigver- : ; 

Seidel and Dybkowsky. ) Lymphatic glands consist of (1) a fibrous 
envelope, or capsule, from which a framework of 
processes (trabeculz) proceeds inwards, imperfectly dividing the gland into open 
spaces freely communicating with each other ; (2) a quantity of lymphoid tissue 
occupying these spaces without completely filling them; (3) a free supply of 
blood-vessels, which are supported on the trabeculae; and (4) the afferent and 
efferent vessels. The nerves passing into the hilum are few in number and 
are chiefly distributed to the blood-vessels supplying the gland. 

The capsule is composed of connective tissue with some plain muscle-fibres, 
and from its internal surface are given off a number of membranous processes or 
trabeculse, consisting, in man, of connective tissue, with a small admixture of 
plain muscle-fibres ; but in many of the lower animals composed almost entirely 
of involuntary muscle. They pass inwards, radiating towards the centre of the 


Fig. 74.--Stomata of serous 
membranes. 





* The resemblance between lymph and serum led Hewson long ago to regard the serous 
uss as sacs into which the lymphatics open. Recent microscopic discoveries confirm 
us Opinion in a very interesting manner. 
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gland, for a certain distance—that is to say, for about one-third or one-fourth of the 
space between the circumference and the centre of the gland. In some animals 


Fie. 75.—Section of human lymphatic gland. 





a. Oapsule. b, Blood-vessels. c, Cortical portion of gland. gq. Germ-centres. 4. Hilum. 
l. Efferentlymph-vessels, m. Medullary portion of gland. n. Nodules, ¢. Trabecule.- 


they are sufficiently well marked as to apparently divide the peripheral or cortical 
portion of the gland into a number of compartments (so-called follicles), but in 


Fre. 76.—Follicle from a lymphatic gland of the Fic. 77.—From the medullary 
dog, in vertical section. substance of an inguinal gland 
of the ox. (After His.) 
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man this arrangement is not 
apparent. The larger tra- 


beculæ springing from the 
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the gland. In these spaces 


formed by the interlacing trabecule (fig. 76) is contained the proper gland- 
substance or lymphoid tissue. The gland-pulp does not, however, completely 





60 GENERAL ANATOMY OR HISTOLOGY 


fill the spaces, but leaves, between its outer margin and the enclosing trabecule,. 
a channel or space of uniform width throughout. This is termed the lymph-path 
or lymph-sinus (fig. 78). Running across it are a number of finer trabeculz of 
retiform connective tissue, the fibres of which are, for the most part, covered 
by ramified cells. . 

On account of the peculiar arrangement of the framework of the organ, the 
gland-pulp in the cortical portion is disposed in the form of nodules, and in the 
medullary part in the form of rounded cords. It consists of ordinary lymphoid 
tissue, being made up of a delicate reticulum of retiform tissue, which is continuous 
with that in the lymph-paths, but marked off from it by a closer reticulation ; in 
its meshes are closely packed lymph-corpusceles, traversed by a dense plexus of 
capillary blood-vessels. It is probable, moreover, that the reticular tissue of the 
gland-pulp and the lymph-paths is continuous with that of the trabecule, and 
ultimately with that of the capsule of the gland. The nodules or follicles in 
the cortical portion of the gland frequently show, in their centres, areas where 
karyokinetic figures indicate the division of the lymph-corpuscles. These areas 

are a germ-centres 

Fia. 78.—Section of 1 hatic-gland tissue. fig. 75). 
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dense plexus in the sub- 
e tance of the capsule open 
into the lymph-sinuses 
of the cortical part. In 
doing this, they lose all 
their coats except their 
endothelial lining, which 
is continuous with a layer 
of similar cells lining 
the lymph-paths. In like 
manner the efferent ves- 
sel commences from the 
a. Trabecule. 6, Small artery in substance of same. e. Lymph-paths. lymph - sinuses of the 
d. Lymph-corpuscles. e, Oapillary plexus. medullary portion. The 
stream of lymph carried 
to the gland by the afferent vessel thus passes through the plexus in the 
capsule to the lymph-paths of the cortical portion, where it is exposed to the 
action of the gland-pulp; flowing through these it enters the paths or sinuses 
of the medullary portion, and finally emerges from the hilum by means of the 
efferent vessel. The stream of lymph in its passage through the lymph-sinuses 
is much retarded by the presence of the reticulum. Hence morphological 
elements, either normal or morbid, are easily arrested and deposited in the 
sinuses. This is a matter of considerable importance in connection with the 
subject of poisoned wounds and the absorption of the poison by the lymphatic 
system, since by this means septic organisms carried along the lymphatic 
vessels may be arrested in the lymph-sinuses of the gland-tissue, and thus be 
prevented irom entering the general circulation. Many lymph-corpuscles pass 
with the efferent lymph-stream to join the general blood-stream. ‘The arteries 
of the gland enter at the hilum, and either pass at once to the gland-pulp, to 
break up into a capillary plexus, or else run along the trabeculæ, partly to 
supply them and partly running across the lymph-paths to assist in forming 
the ca ear plexus of the gland-pulp. This plexus traverses the lymphoid 
tissue, but does not pass into the lymph-sinuses. From it the veins commence 
and emerge from the organ at the same place as that at which the artery enters. 
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THE SKIN AND ITS APPENDAGES 


The skin (fig. 79) is the principal seat of the sense of touch, and may be 
regarded as a covering for the protection of the deeper tissues ; it plays an im- 
portant part in the regulation of the body temperature, and is also an excretory 
and absorbing organ. It consists principally of a layer of vascular connective 
tissue, named the dermis, corium, or cutis vera, and an external covering of 
epithelium, termed the epidermis or cuticle. On the surface of the former layer 


are the sensitive papille; and within, or embedded beneath it, are certain organs 
with special functions : namely, the sweat-glands, hair-follicles, and sebaceous glands. 


Fie. 79.—A diagrammatic sectional view of the skin (magnified). 
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The epidermis or cuticle (scarj-skin) is non-vascular, and consists of stratified 
epithelium (fig. 80). It is accurately moulded on the papillary layer of the dermis. 
It forms a defensive covering to the surface of the true skin, and limits the 
evaporation of watery vapour from its free surface. It varies in thickness in 
different parts. In some situations, as in the palms of the hands and soles of the 
feet, it is thick, hard, and horny in texture. This may be in a measure, due to the fact 
that these parts are exposed to intermittent pressure, but that this is not the only 
cause is proved by the fact that the condition exists to a very considerable extent 
at birth. The more superficial layers of cells, called the horny layer (stratum 
cornewm), may be separated by maceration from the deeper layers, which are 
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called the rete mucosum or stratum Malpighui, and which consist of several layers 
of differently shaped cells. The free surface of the epidermis is marked by a net- 
work of linear furrows of variable size, marking out the surface into a number of 
spaces of polygonal or lozenge-shaped form. Some of these furrows are large; as 
opposite the flexures of the joints; and correspond to the folds in the dermis 
produced by their movements. In other situations, as upon the back of the hand, 
they are oxanodingiy fine, and intersect one another at various angles. Upon the 
palmar surface of the hand and fingers, and upon the sole of the foot, these lines 
are very distinct, and are disposed in curves ; they depend upon the large size 
and peculiar arrangement of the papillæ upon which the epidermis is placed. 
The deep surface of the epidermis is accurately moulded upon the papillary layer 
of the dermis, each papilla being invested by its epidermic sheath ; so that when 
this layer is removed by maceration, it presents on its under surface a number of 
pits or depressions corresponding to the elevations in the papillæ, as well as the 
ridges left in the intervals between them. Fine tubular prolongations are con- 
tinued from this layer into the ducts of the sudoriferous and sebaceous glands. 


Fre. 80.—Section of epidermis. (Ranvier.) 
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In structure, the epidermis consists of several layers of epithelial cells, 
agglutinated together and having a laminated arrangement. These several layers 
may he described as composed of four different strata from within outwards : 
(1) the stratum Malpighii, composed of several layers of epithelial cells, of which 
the deepest layer is columnar in shape and placed perpendicularly on the surface 
of the corium, their lower ends being denticulate, to fit into corresponding den- 
ticulations of the true skin; this deepest layer is sometimes ee the basilar 
layer or stratum germinativum ; the succeeding laming consist of cells of a more 
rounded or polyhedral form, the contents of which are soft, opaque, granular, and 
soluble in acetic acid. They are often marked on their surfaces. with ridges and 
furrows, and are covered with numerous fibrils, which connect the surfaces of the 
cells : these are known as prickle cells (see page 13). They contain numerous 
epidermic fibrils, which are stained violet with hematoxylin and red by carmine, 
and form threads of union connecting adjacent cells. Between the ae are fine 
intercellular clefts which serve for the passage of lymph and in which lymph- 
corpuscles or pigment-granules may befound. (2) Immediately superficial to these 
are two or three layers of flattened, spindle-shaped cells, the stratum granulosum, 
which contain granules that become deeply stained in hematoxylin; the granules 
consist of a material named eleidin, an intermediate substance in the formation of 
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keratin. They are supposed to be cells in a transitional stage between the proto- 
plasmic cells of the stratum Malpighii and the horny cells of the superficial layers, 
(3) Above this layer, the cells become indistinct, and appear, in sections, to form 
a homogeneous or dimly striated membrane, composed of closely packed scales, 
in which traces of a flattened nucleus may be found. It is called the stratum 
lucidum. (4) As these cells successively approach the surface by the development 
of fresh layers from beneath, they assume a flattened form, from the evaporation 
of their fluid contents, and consist of many layers of horny epithelial scales in 
which no nucleus is discernible, forming the stratum corneum. These cells are 
unaffected by acetic acid, the protoplasm having become changed into horny 
material or keratin. According to Ranvier they contain granules of a material 


Fie. 81.—Section of skin, showing the epidermis and dermis: g hair in its follicle: 
the arrector pili muscle ; sebaceous glands. 
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which has the characters of beeswax. The deepest layer of the stratum Malpighii 
is separated from the papille by an apparently homogeneous basement-membrane, 
which is most distinctly brought into view in specimens prepared with chloride 
of gold. This, according to Klein, is merely the deepest portion of the epithelium, 
and is ‘made up of the basis of the individual cells, which have undergone a 
chemical and morphological alteration.’ The black colour of the skin in the negro, 
and the tawny colour among some of the white races, is due to the presence of 
pigment in the cells of the cuticle. This pigment is more especially distinct in 
the cells of the deeper layer, or stratum Malpighit, and is similar to that found in 
the cells of the pigmentary layer of the retina. As the cells approach the surface 
and desiccate, the colour becomes partially lost; the disappearance of the pigment 
from the superficial layers of the epidermis is, however, difficult to explain. 
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The dermis, corium, or cutis vera is tough, flexible, and highly elastic, in 
order to defend the parts beneath from violence. 

It varies in thickness, from a quarter of a line to a line and a half, in different 
parts of the body. Thus it is very thick in the ee of the hands and soles of 
the feet; thicker on the posterior aspect of the body than the front, and on the 
outer than the inner side of the limbs. In the eyelids, scrotum, and penis it is 
exceedingly thin and delicate. The skin generally is thicker in the male than in 
the female, and in the adult than in the child. 

The corium consists of felted connective tissue, with a varying amount of 
elastic fibres and numerous blood-vessels, lymphatics, and nerves. The fibro- 
areolar tissue forms the framework of the cutis, and is differently arranged in 
different parts, so that it is usual to describe it as consisting of two layers: the 
deeper or reticular layer, and the superficial or papillary layer. Unstriped 
muscular fibres are found in the superficial layers of the corium, wherever hairs 
are present; and in the subcutaneous areolar tissue of the scrotum, penis, 
labia majora of the female, and the nipples. In the last situation the fibres are 
disposed in bands, closely reticulated and arranged in superimposed lamine. 

The reticular layer consists of strong interlacing fibrous bands, composed 
chiefly of the white variety of fibrous tissue, but containing, also, some fibres of 
the yellow elastic tissue, which vary in number in different parts; and connective- 
tissue corpuscles, which are often to be found flattened against the white fibrous 
tissue bundles. Towards the attached surface the fasciculi are large and coarse, 
and the areols which are left by their interlacement are large, and occupied by 


Fic. 82.—Longitudinal section through human nail and its nail groove (sulcus). 
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adipose tissue and sweat-glands. Below this the elements of the skin become 
gradually blended with the subcutaneous areolar tissue, which, except in a few 
situations, contains fat. Towards the free surface the fasciculi are much finer, 
and their mode of interlacing close and intricate. 

The papillary layer is situated upon the free surface of the reticular layer ; it 
consists of numerous small, highly sensitive, and vascular eminences, the papilla, 
which rise perpendicularly from its surface. The papillæ are conical-shaped 
eminences, having a round or blunted extremity, occasionally divided into two or 
more parts, and are received into corresponding pits on the under surface of the 
cuticle. Their average length is about +3, of an inch, and they measure at their 
base si, of an inch in diameter. On the general surface of the body, more 
especially in those parts which are endowed with slight sensibility, they are few 
in number, short, exceedingly minute, and irregularly scattered over the surface : 
but in some situations, as upon the palmar surface of the hands and fingers, 
upon the plantar surface of the feet and toes, and around the nipple, they are long, 
of large size, closely-aggregated together, and arranged in parallel curved lines, 
forming the elevated ridges seen on the free surface of the epidermis. Each 
ridge contains two rows of papille, and between the two rows the ducts of the sweat- 
glands pass outwards to open on the summit of the ridges. In structure the 
papille consist of very small and closely interlacing bundles of finely fibrillated 
tissue, with a few elastic fibres ; within this tissue is a capillary loop, and in some 
papille, especially in the palms of the hands and the fingers, there are tactile 
corpuscles. 

The arteries supplying the skin form a network in the subcutaneous tissue, 
from which branches are given off to supply the sweat-glands, the hair-follicles, 
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end the fat. Other branches are given off which constitute a plexus immediately 
beneath the corium; from this, fine capillary vessels pass into the papilla, 
forming, in the smaller ones, a single capillary loop, but in the larger, a more 
or less convoluted vessel. There are numerous lymphatics supplied to the skin, 
which form two networks, superficial and deep, communicating with each other 
and with those of the subcutaneous tissue by oblique branches. They originate 
in the cell-spaces of the tissue. 

The nerves of the skin terminate partly in the epidermis and panty in the 
cutis vera. The former are prolonged into the epidermis from a dense plexus in 
the superficial layer of the corium and terminate between the cells in bulbous 
extremities ; or, according to some observers, in the deep epithelial cells themselves. 
The latter terminate in end-bulbs, touch-corpuscles, or Pacinian bodies, in the 
manner already described: and, in addition to these, a considerable number of 
fibrils are distributed to the hair-follicles, which are said to entwine the follicle in 
a circular manner. Other nerve-fibres are supplied to the plain muscular fibres 
of the hair-follicles (arrectores pili) and to the muscular coat of the blood-vessels. 
These are probably non-medullated fibres. 

The appendages of the skin are the nails, the hairs, the sudoriferous and 
sebaceous glands, and their ducts. 

The nails and hairs are peculiar modifications of the epidermis, consisting 
essentially of the same cellular structure as that tissue. 

The nails (figs. 82 and 83) are flattened, elastic structures of a horny texture, 
placed upon the dorsal surface of the terminal phalanges of the fingers and toes. 


Fig. 83.—Transverse section through human nail and its sulcus. 
Nail nee 
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Each nail is convex on its outer surface, concave within, and is implanted by m 
portion, called the root, into a groove in the skin; the exposed portion is called 
the body, and the anterior extremity the free edge. The nail is firmly adherent to 
the dermis, being accurately moulded upon its surface, as the epidermis is in other 
parts. The part of the dermis beneath the body and root of the nail is called the 
matrix, because it is the pari from which the nail is produced. Corresponding 
to the body of the nail, the matrix is thick, and raised into a series of longitudinal 
ridges which are very vascular, and the colour is seen through the transparent 
tissue. Behind this, near the root of the nail, there are papille which are small, 
less vascular, and have no regular arrangement, and here the tissue of the nail ig 
somewhat more opaque ; hence this portion is of a whiter colour, and is called the 
lunula on account of its shape. 

The cuticle, as it passes forwards on the dorsal surface of the finger or toe, is 
attached to the surface of the nail, a little in advance of its root; at the extremity 
of the finger it is connected with the under surface of the nail a little behind its 
frée edge. The cuticle and horny substance of the nail (both epidermic structures) 
are thus directly continuous with each other. The nails consist of a greatly 
thickened stratum lucidum, the stratum corneum forming merely the thin cuticular 
fold (eponychium) which overlaps the lunula, The cells have a laminated arrange- 
ment, and are essentially similar to those composing the epidermis. The cells of 
the deepest layer, which lie in contact with the papillw of the matrix, are columnar 
in form and arranged perpendicularly to the surface; those which succeed them 
are of a rounded or polygonal form, the more superficial ones becoming broad, 
thin, and flattened, and so closely packed as to make the limits of each cell very 
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indistinct. Itis by the successive growth of new cells at the root and under 
surface of the body of the nail that it advances forwards and maintains & due 
thickness, while, at the same time, the growth of the nail in the proper direction 
ia secured. As these cells in their turn become displaced by the growth of new 
ones, they assume a flattened form, and finally become compacted together into a 
firm, dense, horny texture. In chemical composition the nails resemble the upper 
layers of the epidermis. According to Mulder, they contain a somewhat larger 
proportion of carbon and sulphur. — l l } 

The hairs are peculiar modifications of the epidermis, and consist essentially 
of the same structure as that membrane. They are found on nearly every part of 
the surface of the body, excepting the palms of the hands, soles of the feet, and 
the glans penis. They vary much in length, thickness, and colour in different parts 
of the body and in different races of mankind. In some parts, as in the skin of 
the eyelids, they are so short as not to project beyond the follicles containing 
them ; in others, as upon the scalp, they are of considerable length ; again, in 

other parts, as the eyelashes, 

Fic. 84.—Transverse section of hair-follicle. the hairs of the pubic region, 

and the whiskers and beard, 

they are remarkable for their 

thickness. Straight hairs are 

stronger than curly hairs, and 

present on transverse section 

a cylindrical or oval outline ; 

curly hairs, on the other hand, 
are flattened: 

A hair consists of a root, 
the part implanted in the 
skin; the shaft or stem, the 
portion projecting from its 
surface ; and the point. 

The root of the hair pre- 
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is lodged in a follicular invo- 
lution of the epidermis called 
the hair - follicle (ñg. 81). 
When the hair is of consider- 
able length the follicle ex- 
tends into the subcutaneous 
cellular tissue. The hair- 
follicle commences on the 
surface of the skin with a 
funnel-shaped opening, and 
passes inwards in an oblique 
or curved direction—the lat- 
ter in curly hairs—to become 
dilated at its deep extremity, where it corresponds with the bulbous condition 
of the hair which it contains. It has opening into it, near its free extremity, 
the orifices of the ducts of one or more sebaceous glands. At the bottom of each 
hair-follicle is a small conical, vascular eminence or papilla, similar in every 
respect to those found upon the surface of the skin; it is continuous with the 
dermic layer of the follicle, is highly vascular, and probably supplied with nervous 
fibrils. In structure the hair-follicle consists of two coats—an outer or dermic, 
and an inner or epidernvic. 

The outer or dermic coat is formed mainly of fibrous tissue ; it is continuous 
with the corium, is highly vascular, and supplied by numerous minute nervous 
filaments. It consists of three layers (fig. 84). The most internal, next the 
cuticular lining of the follicle, consists of a hyaline basement-membrane having 
a glassy, transparent appearance, which is well marked in the larger hair-follicles, 
but is not very distinct in the follicles of minute hairs. It is continuous with the 
basement-membrane of the surface of the corium. External to this is a compact 
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layer of fibres and spindle-shaped cells arranged circularly around the follicle. 
This layer extends from the bottom of the follicle as high as the entrance of the 
ducts of the sebaceous glands. Externally is a thick layer of connective tissue, 
arranged in longitudinal bundles, forming a more open texture and corresponding 
to the reticular part of the corium. In this are contained the blood-vesgels and 
nerves. 

The inner or epidermic layer is closely adherent te the root of the hair, so that 
when the hair is plucked from its follicle this layer most commonly adheres to it 
and forms what is called the root-sheath. It consists of two strata named respec- 
tively the outer and inner root-sheaths ; the former of these corresponds with the 
Malpighian layer of the epidermis, and resembles it in the rounded form and soft 
character of its cells ; at the bottom of the hair-follicle these cells become con- 
tinuous with those of the root of the hair. The inner root-sheath consists of a 
delicate cuticle next the hair, composed of a thin layer of imbricated scales having 
a downward direction, so that they fit accurately over the upwardly directed 
imbricated scales of the hair itself; then of one or two layers of horny, flattened, 
nucleated cells, known as Huxley's layer ; and finally of a single layer of horny 
oblong cells without visible nuclei, called Henle’s layer. 

The hair-follicle contains the root of the hair, which terminates in a bulbous 
extremity, and is excavated so as to exactly fit the papilla from which it grows. 
The bulb is composed of polyhedral epithelial cells, which as they pass upwards 
into the root of the hair become elongated and spindle-shaped, except some in 
the centre which remain polyhedral. Some of these latter cells contain pigment- 
granules, which give rise to the colour of the hair. It occasionally happens that 
these pigment-granules completely fill the cells in the centre of the bulb; this 
gives rise to the dark tract of pigment often found, of greater or less length, in 
the axis of the hair. 

The shaft of the hair consists of a central pith or medulla, the fibrous part of 
the hair, and the cuticle externally. The medulla occupies the centre of the shaft 
and ceases towards the point of the hair. It is usually wanting in the fine hairs 
covering the surface of the body, and commonly in those of the head. It is more 
Opaque and deeper coloured when viewed by transmitted light than the fibrous 
part; but when viewed by reflected light it is white. It is composed of rows of 
polyhedral cells, which contain granules of eleidin and frequently air-hubbles, 
The fibrous portion of the hair constitutes the chief part of the shaft: its cells 
are elongated and unite to form flattened fusiform fibres. Between the fibres are 
found minute spaces which contain either pigment-granuleg in dark hair, or 
minute air-bubbles in white hair. In addition to this there is also a diffused 
pigment contained in the fibres. The cells which form the hair-cuticle consist 
of a single layer which surrounds those of the fibrous part; they are converted 
into thin, flat scales, having an imbricated arrangement. 

Connected with the hair-follicles are minute bundles of involuntary muscular 
fibres, termed the arrectores pili. They arise from the superficial layer of the 
corium, and are inserted into a thickened portion of the outer surface of the hair- 
follicle, below the entrance of the duct of the sebaceous gland. They are placed 
on the side towards which the hair slopes, and by their action elevate the hair 
(fig. 81).* The sebaceous gland is situated in the angle which the arrector 
muscle forms with the superficial portion of the hair-follicle, and contraction of 
the muscle thus tends to squeeze the sebaceous secretion out from the duct of 
the gland. 

The sebaceous glands are small, sacculated, glandular organs, lodged in the 
substance of the corium. ‘They are found in most parts of the skin, but are 
especially abundant in the scalp and face: they are also very numerous around the 
apertures of the anus, nose, mouth, and external ear, but are wanting in the 
palms of the hands and soles of the feet. Hach gland consists of a single duct, 
more or less capacious, which terminates in a cluster of small secreting pouches 
or saccules. The sacculi connected with each duct vary, as a rule, in number 
from two to five, but, in some instances, may be as many as twenty. They are 

* Arthur Thomson suggests that the contraction of these muscles on follicles which 
contain weak, flat hairs will tend to produce a permanent curve in the follicle, and this 
curve will be impressed on the hair which is moulded within it, so that the hair, on 
emerging through the skin, will be curled. Curved hair-follicles are characteristic of the 
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composed of a transparent, colourless membrane, enclosing a number of epithelial 
cells. Those of the outer or marginal layer are small and polyhedral, and 
are continuous with the lining cells of the duct. The remainder of the sac 1s 
filled with larger cells, containing fat, except in the centre, where the cells 
have become broken up, leaving a cavity filled with their débris and @ mass 
of fatty matter, which constitutes the sebaceous secretion. The orifices of the 
ducts open most frequently into the hair-follicles, but occasionally upon the 
general surface, as in the labia minora and the free margin of the lips. On 
the nose and face the glands are of large size, distinctly lobulated, and often 
become much enlarged from the accumulation of pent-up secretion. The largest 
sebaceous glands are those found in the eyelids—the Meibomian glands. 

The sudoriferous or sweat glands are the organs by which a large portion of 
the aqueous and gaseous materials are excreted by the skin. They are found in 
almost every part of this structure, and are situated in small pits on the under 
surface of the corium, or, more frequently, in the subcutaneous areolar tissue, 
surrounded by a quantity of adipose tissue. They are small, lobular, reddish 
bodies, consisting of a single convoluted tube, from which the efferent duct 
proceeds upwards through the corium and cuticle, becomes somewhat dilated 
at its extremity, and opens on the surface of the cuticle by an oblique valve- 

like aperture. The duct, as it 

Fro. 8;.—Coiled tube of a sweat-gland eut passes through the epidermis, presents 
in various directions. a spiral arrangement, being twisted 

like a corkscrew, in those parts where 
the epidermis is thick; where, how- 
ever, it is thin, the spiral arrangement 
does not exist. In the superficial 
layers of the corium the duct is 
straight, but in the deeper layers it 
is convoluted or even twisted. The 
spiral course of these ducts is parti- 
cularly distinct in the thick cuticle of 
the palm of the hand and sole of the 
foot. The size of the glands varies. 
They are especially large in those 
regions where the amount of perspira- 
tion is great, as in the axille, where 
they form a thin, mamesadae layer 
ee e ma : of a reddish colour, which corresponds 
tae Hb, Transverse section ‘of the oa oS Latta exactly to the situation of the hair in 
pretim ae ib? of Heat’ io ae aid Nobis this region 7 they are large also im the 
Smith’s ‘Atlas of Histology.) groin. Their number varies. They 
are most numerous on the palm of 

the hand, presenting, according to Krause, 2,800 orifices on a square inch of the 
integument, and are rather less numerous on the sole of the foot. In both of 
these situations the orifices of the ducts are exceedingly regular, and open on the 
curved ridges. In other situations they are more irregularly scattered, but the 
number in a given extent of surface presents a fairly uniform average. In the 
neck and back they are least numerous, their number amounting to 417 on 
the square inch (Krause). Their total number is estimated by the same writer at 
2,381,248, and, supposing the aperture of each gland to represent a surface of 3}, of 
a line in diameter, he calculates that the whole of these glands would present an 
evaporating surface of about eight square inches. Each gland consists of a single 
tube intricately convoluted, terminating at one end by a blind extremity, and 
opening at the other end upon the surface of the skin. In the larger glands this 
single duct usually divides and subdivides dichotomously; the smaller ducts 
ultimately terminating in short cæcal pouches, rarely anastomosing. The wall 
of the duct is thick, the width of the canal seldom exceeding one-third of its 
diameter. The tube, both in the gland and where it forms the excretory duct, 
consists of two layers—an outer, formed by fine areolar tissue, and an inner layer 
of epithelium (fig. 85). The external or fibro-cellular coat is thin, continuous 
ats the superficial layer of the corium, and extends only as high as the surface 
= the true skin. The epithelial lining in the distal part of the coiled tube of the 
gland proper consists of a single layer of cubical epithelium, supported on a 
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basement-membrane, and beneath it, between the epithelium and the fibro- 
cellular coat, a layer of longitudinally or obliquely arranged fibres, which are 
usually regarded as muscular, though the evidence that this is so is not con- 
clusive. In the duct and the proximal part of the coiled tube of the gland proper 
there are two or more layers of polyhedral cells, lined on their internal surface, 
i.e. next the lumen of the tube, by a delicate membrane or cuticle, and on 
their outer surface by a limiting membrana propria, but there are no muscular 
fibres. The epithelium is continuous with the epidermis and with the delicate 
internal cuticle of the epidermic portion of the tube. When the cuticle is care- 
fully removed from the surface of the cutis, these convoluted tubes of epithelium 
may be drawn out and form short, thread-like processes on its under surface. 

The contents of the smaller sweat-glands are quite fluid; but in the larger 
glands the contents are semi-fluid and opaque, and contain a number of coloured 
granules and cells which appear analogous to epithelial cells. 


SEROUS MEMBRANES 


The serous membranes form shut sacs and may be regarded as lymph-sacs, 
from which lymphatic vessels arise by stomata or openings between the endo- 
thelial cells (see page 57), The sac consists of one portion which is applied to 
the walls of the cavity which 
it lines—the parictal portion; Fic. 86,—Part of peritoneal surface of the central 
and another reflected over the ie pes of diaphragm of rabbit, prepared with nitrate 
of silver. 


surface of the organ or organs 
contained in the cavity—the 
visceral portion. Sometimes 
the sac is arranged quite 
simply, as the tunica vaginalis 
testis ; at others with nume- 
rous involutions or recesses, 
as the peritoneum, in which, 
nevertheless, the membrane 
can always be traced con- 
tinuously around the whole 
circumference. The sac is 
completely closed, so that no 
communication exists between 
the serous cavity and the parts 
in its neighbourhood. An ap- 
parent exception exists in the 
peritoneum of the female ; for 
the Fallopian tube opens freely 
into the peritoneal cavity in 


the dead subject so that m hä 


i O s. Stomata. 2. Lymph-channels, £. Tendon-bundles. ‘The stomata 
bristle can be p assed from are surrounded by germinating epithelial cells. (From ‘ Handbook 
the one into the other. But for the Physiological Laboratory.’ Klein.) 


this communication is closed 
during life, except at the moment of the passage of the ovum out of the ovary 
into the tube, as is proved by the fact that no interchange of fluids ever takes 
place between the two cavities in dropsy of the peritoneum, or in accumulation 
of fluid in the Fallopian tubes.* The serous membrane is sometimes supported 
by a firm, fibrous layer, as is the case with the pericardium, and such membranes 
may be spoken of as ‘ fibro-serous.’ 

The various serous membranes are the peritoneum, lining the cavity of the 
abdomen ; the two pleuræ and the pericardium, covering the lungs and heart 
respectively ; and the tunics vaginales, surrounding the testicles in the scrotum.t 





* The communication between the uterine cavity and the peritoneal sac is not only 
apparent in the dead subject, but is an anatomical fact, which is established by the con- 
tinuity of its epithelium with that covering the uterus, Fallopian tubes, and fimbriæ. 

+ The arachnoid membrane covering the brain and spinal cord was formerly regarded 
as a serous membrane, but is now no longer classed with them, as it differs from them in 
structure, and does not form a shut sac as do the other serous membranes. 
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Serous membranes are thin, transparent, glistening structures, consisting of 
homogeneous basement-membranes lined on their inner surface by a single layer 
of polygonal or pavement endothelial cells, supported on a matrix of fibrous 
connective tissue, with networks of fine elastic fibres, in which are contained 
numerous capillaries and lymphatics. On the surface of the endothelium between 
the cells numerous apertures or interruptions are to be seen. Some of these are 
stomata, surrounded by a ring of cubical endothelium (see fig. 86), and commu- 
nicate with a lymphatic capillary ; others (pseudostomaia) are mere interruptions 
in the endothelial layer, and are occupied by processes of the branched connective- 
tissue corpuscle of the subjacent tissue or by accumulations of the intercellular 
cement substance. 
The amount of fluid contained in these closed sacs is, in most cases, only 
sufficient to moisten the surface, but not to furnish any appreciable quantity of 
fluid. When a small quantity can be collected, 
Fic. 87.—-Villus of synovial mem- it is found to resemble lymph, and like that 
brane. (After Hannnar.) fluid coagulates spontaneously ; but when se- 
creted in large quantities, as in dropsy, it 1s a 
more watery fluid, yet still contains a consider- 
able amount of proteid which is coagulated on 
boiling. 


SYNOVIAL MEMBRANES 


Synovial membranes, like serous mem- 
branes, are connective-tissue membranes placed 
between two movable tissues, so as to diminish 
friction, as in movable joints; or between a 
tendon and a bone, where the former glides 
over the latter; and between the skin and 
various subcutaneous bony prominences. 

The synovial membranes are composed 
essentially of connective tissue, with the cells 
and fibres of that structure, containing nume- 
rous vessels and nerves. It was formerly sup- 
posed that these membranes were analogous in 
structure to the serous membranes, and con- 
sisted of a layer of flattened cells on a base- 
ment-membrane. No such continuous layer, 
however, exists, although here and there are 
patches of cells probably epithelial in nature. 
They are surrounded and held together by an 
albuminous ground-substance. Long villus-like 
processes (fig. 87) are often found projecting from the surface of synovial mem- 
branes ; they are covered by small rounded cells, and are supposed to extend the 
surface for the secretion of the fluid which moistens the membranes and which is 
named synovia. It is a rich lymph, plus a mucin-like substance, and to the latter 
constituent it owes its viscidity. A further description of the synovial membranes 
will be given with the anatomy of the joints. 





MUCOUS MEMBRANES 


Mucous membranes line all those passages by which the internal parts com- 
municate with the exterior, and are continuous with the skin at the various 
orifices of the surfate of the body. They are soft and velvety, and very vascular, 
and their surface is coated over by their secretion, mucus, which is of a tenacious 
consistence, and serves to protect them from the foreign substances introduced 
into the body with which they are brought in contact. 

They are described as lining the two tracts—the gastro-pulmonary and the 
genito-urinary ; and all, or almost all, mucous membranes may be classed as 
belonging to and continuous with the one or the other of these tracts. 

a The deep surfaces of these membranes are attached to the parts which 
ey line by means of connective tissue, which is sometimes very abundant, 
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forming a loose and lax bed, so as to allow considerable movement of the 
opposed surfaces on each other. It is then termed the submucous tissue. At 
other times it is exceedingly scanty, and the membrane is closely connected 
to the tissue beneath; sometimes, for example, to muscle, as in the tongue ; 
sometimes to cartilage, as in the larynx; and sometimes to bone, as in the 
nasal fossæ and sinuses of the skull. 

In structure a mucous membrane is composed of corium and epithelium. 
The epithelium is of various forms, including the squamous, columnar, and 
ciliated, and is often arranged in several layers. This epithelial layer is 
supported by the corium, which is analogous to the dermis of the skin, and 
consists of connective tissue, either simply areolar, or containing a greater or 
less quantity of lymphoid tissue. This tissue is usually covered on its external 
surface by a transparent basement-membrane generally composed of clear 
flattened cells, placed edge to edge; on this the epithelium rests. It is only 
in some situations that the basement-membrane can be demonstrated. The 
corium is an exceedingly vascular membrane, containing a dense network of 
capillanes, which lie immediately beneath the epithelium and are derived from 
small arteries in the submucous tissue. 

The fibro-vascular layer of the corium contains, besides the areolar tissue 
and vessels, unstriped muscle-cells, which form in many situations a definite 
layer called the muscularis mucose. These are situated in the deepest part of 
the membrane, and are plentifully supplied with nerves. Other nerves pass to 
the epithelium and terminate between the cells. Lymphatic vessels are found 
in great abundance, commencing either by blind extremities or in networks, and 
communicating with plexuses in the submucous tissue. 

Embedded in the mucous membrane are found numerous glands, and pro- 
jecting from it are processes (villi and papille) analogous to the papilla of 
the skin. These glands and processes, however, exist only at certain parts, and 
it will be more convenient to defer their description so that they may be 
described as they occur. 


SECRETING GLANDS 


The secreting glands are organs whose cells produce, by the metabolism 
of their protoplasm, certain substances, called ‘secretions,’ of a more or less 
definite composition ; the material for the secretion being primarily selected from 
the blood. The essential parts therefore of a secreting gland are cells, which have 
the power of extracting from the blood certain matters, and in some cases 
converting them into new chemical compounds; and blood-vessels, by which the 
blood is brought into close relationship with these cells. The general arrangement 
in all secreting structures—that is to say, not only in secreting glands, but also in 
secreting membranes—is that the cells are arranged on one surface of an extra- 
vascular basement-membrane, which supports them, and a minute plexus of 
capillary vessels ramifies on the other iico of the membrane. The cells then 
extract from the blood certain constituents which pass through the membrane 
into the cells, where they are prepared and elaborated. The basement-membrane 
does not, however, always exist, and any free surface would appear to answer the 
same purpose in some cases, 

By the various modifications of this secreting surface the different glands 
are formed. This is generally effected by an invagination of the membrane in 
different ways, the object being to increase the extent of secreting surface within 
a given bulk. 

In the simplest form a single invagination takes place, constituting a simple 
gland ; this may be either in the form of an open tube (fig. 88, a), or the walls of 
the tube may be dilated so as to form a saccule (fig. 88, B). These are named 
the simple tubular or saccular glands. Or, instead of a short tube, the invagina- 
tion may be lengthened to a considerable extent, and then coiled up to occupy less 
space. This constitutes the simple convoluted tubular gland, an example of which 
may be seen in the sweat-glands of the skin (fig. 88, c). 

If, instead of a single invagination, secondary invaginations take place from 
the primary one, as in fig. 88, D and x, the gland is then termed a compound one. 
These secondary invaginations may assume either a saccular or tubular form, and 
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so constitute the two subdivisions—the compound saccular or racemose gland, and 
the compound tubular. The racemose gland in its simplest form consists of a 
primary invagination which forms a sort of duct, upon the extremity of which are 
found a number of secondary invaginations, called saccules or alveoli, as in 
Brunner’s glands (fig. 88, D). But, again, in other instances, the duct, instead 
of being simple, may divide into branches, and these again into other branches, 
and so on; each ultimate ramification terminating in a dilated cluster of saccules, 
and thus we may have the secreting surface almost indefinitely extended, as in 
the salivary glands (fig. 88, 8). In the compound tubular glands the division of 
the primary duct takes place in the same way as in the racemose glands, but the 
branches retain their tubular form, and do not terminate in saccular recesses, but 
become greatly lengthened out (fig. 88, F). The best example of this form of 
gland is to be found in the kidney. All these varieties of glands are produced 
by a more or less complicated invagination of a secreting membrane, an they are 


Fic, 88.—-Diagrammatic plan of the varieties of secreting glands. 





A. Simple gland. rR. Sacculated simple gland. c. Simple convoluted tubular gland. D,E, Racemose giand. 
F. Compound tubular gland. 


all identical in Structure: that is to say, the saccules or tubes, as the case may 
be, are lined with cells, generally spheroidal or columnar in figure, and on their 
outer surface is an intimate plexus of capillary vessels. The secretion, whatever 
~ may be, is eliminated by the cells from the blood, and is poured into the saccule 
or tube, and so finds its way out through the primary invagination on.to the free 
Surface of the secreting membrane. In addition, however, to these glands, which 
ai formed by an invagination of the secreting membrane, there are some few 
fies Sand aoe & protrusion of the same structure, as in the vascular 
frequently an ae ranes. This form of secreting structure is not nearly so 
ere are also certain glands which are described as capable of internal 
age Wherein are no ducts leading to any free surface, the secretion being 
a either directly into the blood stream, or indiréctly through the medium 
ot tymphaties. Such are the thyroid and suprarenal glands, 


EMBRYOLOGY 


IHE whole body is developed out of the female germ-cell or ovum after it has 
been fertilised by the male germ-cell or spermatozoon. The ovum is a 
simple nucleated cell, and all the complicated changes by which the various 
tissues and organs of the body are formed from it, after fertilisation, are the 
result of two general processes, viz. the segmentation or cleavage of cells, and 
their differentiation. The former consists of the division of the nucleus and sur- 
rounding cell-substance, whereby the original cell is represented by two, a process 
which is again and again repeated. The differentiation of cells is a term used to 
describe that unknown power or tendency impressed 
upon cells, apparently identical in structure, whereby Fic. 89.—Human ovum from 
they assume different shapes and become associated, a middle - sized follicle. 
it may be, with the formation of widely differing Magnified 350 times. 
tissues. 

The earliest stages of the development of the 
human embryo have not yet been observed, and 
therefore many of the statements which are accepted 
in human embryology regarding these early stages 
are made on the strength of what has been observed 
to occur in the lower animals. 

Having regard to the main purpose of this work, ctr 
it is impossible, in the space available in this chapter, « Zona pellucida or zona striata. 
to describe fully, or illustrate adequately, all the Ae e A imam 
phenomena which occur in the different stages of l 
the development of the human body. The principal facts only will be given— 
the student being referred for further details to one or other of the text-books on 


embryology. 





STRUCTURE OF THE OVUM 


The human ovum is extremely minute, measuring only from y} to 14, of an 
inch in diameter, and is situated within a Graafian follicle of the ovary.* By 
the rupture of the Graafian follicle on to the surface of the ovary the ovum is 
liberated, and is then conveyed by the Fallopian tube or oviduct to the cavity of 
the uterus. Unless it be fertilised by the spermatozoon, it undergoes no further 
development, and is discharged from the uterus. If, on the other hand, fertilisa- 
tion occurs, the fertilised ovum is retained within the uterus, and is developed 
into. a new being. l 

In appearance and structure the ovum (figs. 89, 90) differs little from an 
ordinary cell, but distinctive names have been applied to its several parts ; thus, 
the body of the cell is known as the vitellus or yolk, the nucleus as the germinal 
vesicle, and the nucleolus as the germinal spot. The ovum is enclosed within a 
thick, transparent envelope, the zona pellucida or zona striata, adhering to the 
outer surface of which there are several layers of cells, derived from those of the 
Graafian follicle, which collectively constitute the corona radiata. ~ 

The vitellus or yolk comprises (1) the cytoplasm of the ordinary animal 
cell, with its network or cyto-reticulum filled with cell-sap or cytolymph. The 


* See description of the ovary on a future page. 
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cytoplasm of the ovum is frequently termed the formative yolk, in order to 
distinguish it from (2) the nutritwe yolk or deutoplasm, which consists of numerous 
rounded granules of fatty and albuminoid substances embedded in the cytoplasm. 
In the mammalian ovum the nutritive yolk is extremely small in amount, and is 
only of service in nourishing the ovum in the earliest stages of its development, 
whereas in the egg of the bird there is sufficient to supply the chick with 
nutriment throughout the whole period of incubation. The nutritive yolk not 
only varies in amount, but in its mode of distribution within the egg: thus, in 
some animals it is nearly uniformly distributed throughout the cytoplasm ; in 
others it is centrally placed and is surrounded by the cytoplasm; in still 
others it is accumulated at the lower pole of the ovum, while the cytoplasm, 
being lighter, occupies the upper pole. An attraction sphere with its centrosome 
is present in the ova of the lower animals, and is probably represented in the ova of 
mammals by the body of Balbiani. This body is not visible during all the stages 


Fre. 90.-Ovum of rabbit. Highly magnified. (After Waldeyer.) 
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of the development of the ovum, and is ‘most readily seen before the space 
appears in the Graafian follicle. Then the body in question lies in the imme- 
diate neighbourhood of the nucleus. It consists of a lighter central sphere 
enclosing one or two smaller spheres, and surrounded by a more darkly staining 
protoplasm,’ * 

The germinal vesicle or nucleus is a large spherical body which at first 
occupies a nearly central position, but becomes eccentric as the growth of the 
ovum proceeds. Its structure is that of an ordinary cell-nucleus, and consists of 
an intranuclear network of achromatin filled with nuclear sap or karyoplasm ; 
while connected with, or embedded in, the achromatic reticulum are a number 
of chromatin masses or chromosomes, which may present the appearance of a 
skein or may assume the form of rods or loops. It is now very generally ad- 
mitted that in every species of animal the nucleus contains a fixed and definite 
number of chromosomes, a number which varies from two in certain thread- 
worms to as many as a hundred and sixty-eight in the crustacea; in man, as 
well as in the ox and guinea pig, the number is said to be sixteen. The nucleus 
is enclosed by a delicate nuclear membrane, and contains in its interior a well- 


defined nucleolus or germinal spot. 


* Robinson, ‘Hunterian Lectures on the Mammalian Ovum and Placenta.’ Journal 
of Anatomy and Physiology, vol, xxxviii. 
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COVERINGS OF THE OVUM 


The zone pellucida or zona striata (fig. go) is probably secreted by the cells 
of the corona radiata. It consists of a thick, clear membrane, which, under 
the higher powers of the microscope, is seen to be perforated by numerous fine 
radially arranged channels. These give to it a striated appearance, and may 
suffice for the passage of nutritive materials to the ovum : they may also provide 
an entrance for the spermatozoa at the time of fertilisation. In some animals 
(e.g. insects) the zona pellucida presents one, sometimes several small perforations 
or micropyles, by which the spermatozoa are believed toenter. The zona pellucida 
persists for some time after fertilisation has occurred, and may act as a source of 
protection during the earlier stages of segmentation.* 

The corona radiata (fig. 90) consists of two or three strata of cells: they are 
derived from the cells of the Graafian follicle, and adhere to the outer surface of 
the zona pellucida when the ovum is set free from the follicle. Its cells are 
radially arranged around the zona, those of the innermost layer being columnar 
in shape, and sending, according to some observers, delicate processes from their 
deep ends into the channels of the zona. The cells of the corona radiata soon 
disappear ; though in some animals they secrete, or are replaced by, a layer of 
adhesive albumen, which may not only assist in protecting and nourishing the 
ovum, but may help to fix it temporarily to the uterine mucous membrane. 

The phenomena attending the discharge of the ova from the Graafian follicles 
belong more to the ordinary functions of the ovary than to the general subject of 
the development of the body, and are therefore described with the anatomy of the 
ovaries on a subsequent page. 


MATURATION OF THE OVUM 


The ovum is incapable of being fertilised by the spermatozoon until after it 
has undergone a.process of maturation. This takes place either before or 
immediately after its escape from the Graafian follicle, and consists essentially of 


Fic. 91.—Formation of polar bodies in asterias glacialis. 
(Slightly modified from Hertwig.) 





in fig. 1 the polar spindic (sy) has advanced to the surface of the egg. In fig. 11 a small elevation (pb’) is formed which 
eive half of “the ne In fig. 111 the elevation is constricted off, forming the first polar body (pb’), and a 
second spindle is formed. In fig. 1Y is seen a second elevation which in fig. v has been constricted off as the second 
polar body (#7). Out of the remainder of the spindle (f.pn in fig. vi) the female pronucleus is developed. 


an unequal subdivision of the ovum into four cells, three of which are minute and 
are incapable of further development; these are named the polar bodies, while the 


* Robinson (op. cit.) suggests that ‘it probably prevents the contact and union of the 
chorionic cells on the outer surface of the developing ovum with the decidua until the 
ovum has attained a sufficient size. It also probably serves to prevent contact of the 
embryonic ectoderm with the uterine wall until the differentiation of the embryonic 
ectoderm cells has taken place to such an extent that they are no longer disposed to fuse 
with the decidua.’ 
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fourth and much larger cell constitutes the mature ovum. The phenomena of 
maturation (fig. 91) may be shortly described as follows: the germinal vesicle 
approaches the surface of the ovum, and, having undergone the usual mitotic 
changes, divides; one-half of its contained chromatin, surrounded by a small 
amount of cytoplasm, is then separated from the main mass of the ovum to form 
the first polar body. The process is repeated, and a second polar body, containing 
one-half of the remaining chromatin, is separated, while the first, in many cases, 
becomes divided into two, thus forming three in all. The remainder of the 
germinal vesicle recedes towards the centre of the ovum, and is now known as 
the female pronucleus ; from what has been said, it will be seen that it contains 
only one-fourth of the chromatin ozoni present in the germinal vesicle. 

The number of polar bodies varies in the ova of different animals ; in some 
only one is formed, in others two—the latter condition being probably explained 
by the fact that the first polar body has not undergone subdivision by the time 
the second is separated from the ovum. Coincident with the extrusion of the 
polar bodies a shrinking of the yolk or vitellus takes place, and a fluid, the 

erivitelline fluid, collects between it and the zona pellucida. In this the polar 
adios are situated, and in it also spermatozoa may be subsequently seen (e.g. in 
the ovum of the rabbit). 


THE SPERMATOZOON 


The spermatozoa or male germ-cells are developed within the tubuli seminiferi 
of the testicles. They are present in enormous numbers in the seminal fluid, and 
consist of small but greatly modified cells. The human spermatozoon possesses 
a head, a neck, a connecting piece or body, and a tail (fig. 92). 

The head is oval or elliptical, but flattened, so that when viewed in profile 
it is pear-shaped. Its anterior two-thirds are covered by a layer of modified 
protoplasm, which is named the head-cap. This, in some animals (e.g. the 
salamander), is prolonged into a barbed spearlike process or perforator, which 
probably facilitates the entrance of the spermatozoon into the ovum. Bardeleben 
and E. Nelson have described spearlike perforators as being present in the 
human spermatozoa, but other observers deny their presence. Waldeyer inclines 
to the view that in man the perforator consists of the anterior sharp margin of 
the head-cap, and acts as a cutting rather than a boring apparatus. The posterior 
part of the head exhibits an affinity for certain reagents, and presents a trans- 
versely striated hy ea being crossed by three or four dark Gis. In some 
animals a central rodlike filament extends forwards for about two-thirds of the 
length of the head, while in others a rounded body is seen near its centre. The 
head contains a mass of chromatin, and is generally regarded as the nucleus of 
the cell surrounded by a thin envelope. 

The neck immediately succeeds the head, and in some animals appears as 
a marked constriction, which, however, is not very clearly differentiated in the 
human spermatozoon. At the junction of the head and neck two or three rounded 
nodules, the anterior centrosome bodies, are seen ; behind these is a band of homo- 
geneous substance.. 

The connecting piece or body is rodlike and about the same length as the 
head. At its anterior end are two or three rounded nodules, the posterior centro- 
some bodies: fine threads connect these with the anterior centrosome bodies. 
An axial filament runs through the connecting piece, and is continued backwards 
into the tail. It is probably a derivative of the centrosome bodies. Outside the 
axial filament is a tayer of protoplasm which contains a spirally arranged fibril. 

The tail is of great length, and contains an axial thread or filament which is 
composed of delicate fibrille. It is surrounded by a protoplasmic envelope, which 
may contain a spiral thread or may present a striated appearance. Further, 
in some animals there is attached to the connecting piece and tail a thin 
undulatory membrane, along the free edge of which there is a marginal filament. 
The terminal portion of the tail is named the end-piece, and consists of the axial 
filament only. 

It is interesting to note that in the development of the spermatozoa 4 nuclear 
reduction occurs similar to that seen during the maturation of the ovum. In 
the testicle are certain cells identical with primitive-ova. These are termed 
spermatogonia, and each divides into a couple of spermatocytes, which again 
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undergo subdivision, giving rise to four spermatids or young spermatozoa. From 
this it will be seen that the spermatozoon contains only one-fourth of the 
chromatin which originally existed in the nucleus of the spermatogone. The 
matured ovum and the spermatozoon may therefore be looked upon as of the 
same morphological value, It must, however, be kept in mind that all four 


Fic, 92.—Human spermatozoon. (Diagrammatic.) 
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A. Surface view. B, Profile view. In c the head, neck, and connecting piece are highly magnified to show the 
centrosome bodies and their uniting threads, the spirally arranged fibril, and the axial filament. 
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spermatozoa are functionally active, whereas the polar bodies given off during the 
maturation of the ovum are apparently of no functional value. 

In virtue of their tails, which act as propellers, the spermatozoa, in the fresh 
condition, are capable of free movement, and if placed in favourable surround- 
ings (e.g. in the female passages) may retain their vitality for several days. 


FERTILISATION OF THE OVUM 


Fertilisation consists in the union of the spermatozoon with the mature ovum 
(fig. 93). This usually takes place in the upper part of the Fallopian tube, and 
the ovum is then conveyed to the cavity of the uterus—a journey which probably 
occupies two or three days. Should the passage of the fertilised ovum along the 
tube be arrested, a tubal pregnancy is the result. Numerous spermatozoa may 
pierce the zona pellucida (e.g. in the rabbit as many as sixty have been seen in its 
interior), but only one, under normal conditions, enters the vitellus and takes part 
in the process of fertilisation. Atthe point where the spermatozoon is about to 
pierce the vitellus the latter is drawn out into a conical elevation, termed the 
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cone of attraction. As soon as the spermatozoon has entered at this point, a 
membrane appears to be secreted over the aperture of its entrance to prevent 
the passage of additional spermatozoa. Occasionally a second spermatozoon may 
enter the vitellus, thus giving rise to a condition of polyspermy : when this occurs 
the ovum usually develops in an abnormal manner and gives rise to a manstiay: 
Having pierced the vitellus, the tail of the spermatozoon disappears, while 
its head assumes the form of a nucleus containing a cluster of chromosomes. 


Fic. 93.—Fertilisation of the ovum of an echinoderm. 
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s. Spermatozoon. mpr. Mele pronucleus. fpr. Female pronuciens, 1. Accession of a spermatozoon to the periphery 
of the vitellus. 2. Its penetration. 3. Transformation of the head of the spermatozoon into the male pronuclens. 
4, 5. Blending of the male and female pronuclei. (From Quain’s ‘ Auatomy,’ Seleuka.) 


This constitutes the male pronucleus, and associated with it there is seen a 
centrosome and attraction sphere. The male pronucleus passes more deeply into 
the vitellus, and coincident with this the granules of the surrounding cytoplasm 
become radially arranged. The male and female pronuclei migrate towards each 
other, and, meeting near the centre of the vitellus, fuse to form a new nucleus, 
the first segmentation nucleus, which therefore contains both male and female 
nuclear substance; the former transmits the individualities of the father, the latter 
those of the mother, to the future embryo. 


SEGMENTATION OF THE FERTILISED OVUM 


After it has been fertilised the ovum undergoes repeated subdivision into 
a number of small cells (figs. 94, 95). The first segmentation nucleus exhibits 
the usual mitotic changes, and these are succeeded by a division of the ovum into 
two cells of equal or unequal size. Whether the two cells may differ in quality 
as well as in quantity is as yet a matter of some doubt. (Consult Hertwig’s 
‘Handbuch der vergleichenden und experimentellen Entwickelungslehre der 
Wirbeltiere.’) The process is repeated again.and again, so that the two cells 
are succeeded by four, eight, sixteen, thirty-two, and so on, with the result that 
a mass of cells is found within the zona pellucida (which itself takes no share in 
the process, but ultimately disappears), and to this mass the term morula is applied. 
The segmentation of the mammalian ovum may not take place in the regular 
sequence of two, four, eight, &c., since one of the two first-formed cells may 
subdivide more rapidly than the other, giving rise to a three- or a five-cell stage. 
The cells of the morula are at first closely aggregated inside the zona pellucida ; 
but soon they become arranged into an outer or peripheral layer, the primitive 
ectoderm or trophoblast, which does not contribute to the formation of the embryo 
proper, and an inner cell-mass, from which the embryo is developed (fig. 96). 
Fluid collects between the trophoblast and the greater part of the inner cell-mass, 
and thus the morula is converted into a vesicle, the blastodermic vesicle. The 
inner cell-mass remains in contact, however, with the trophoblast at one pole of 
the ovum ; this is named the embryonic pole, since it indicates the situation where 
the future embryo will be developed. The cells of the trophoblast become 
differentiated into two strata : an outer, termed the syncytiwm or plasmodioblast, 
so named because it consists of a layer of protoplasm studded with nuclei, but 
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Fic. 94.—First stages of segmentation of a mammalian ovum: semi-diagrammatic. 
(From a drawing by Allen Thomson.) 





2p. Zona pellucida. p.gl, Polar bodies. a. Two-cell stage. b. Four-cell stage, c. Hight-cell stage. 
d, e. Morula stage. 


Fra. 95.—Ovum of the rabbit at the end of the process of segmentation. 





ep. Primitive ectoderm. hy. Primitive entoderm. bp. Place where the ectoderm has not yet grown over the entoderm, 
(From Balfour, after Ed. van Beneden, ) 


Fie. 96.—- Blastodermic vesicle of Vespertilio murinus, (After Van Beneden.) 
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ing no evidence of subdivision into cells; and an inner layer of prismatic 
n ai which is named the cytoblast or layer of Langhans. As already 
stated, the cells of the trophoblast do not contribute to the formation of the 
embryo proper ; they form the ectoderm of the chorion and play an important 
part in the development of the placenta. The inner cell-mass becomes differ-- 
entiated into two layers: an outer, of prismatic cells, the embryonic ectoderm, 


Fre. 97.—Section through embryonic area of Vespertilio murinus. (After Van Beneden.) 
Inner cell-mass Trophoblast 
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Embryonic ectoderm Entoderm 


and an inner, of flattened cells, the. entoderm (figs. 96 to 98); the latter is 
applied to the deep aspect of the former, and from there gradually extends around 
the inner surface of the trophoblast. Spaces appear between the cells of the inner 
cell-mass, and at the same time the central cells of the mass undergo atrophy, 
and in this way a cavity (figs. 97 and 98) is gradually developed between the 


Fie. 98.—Section through embryonic area of Vespertilio murinus (after Van Beneden) 
to show the formation of the amniotic cavity. 
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embryonic ectoderm and the overlying trophoblast: this is termed the primitive 
ammoti cavity; it persists in certain of the bats, and probably also in man and 
monkeys, and forms in them the permanent amniotic cavity. In other animals 
the trophoblastic roof of this primitive amniotic cavity disappears, and the 
embryonic ectoderm assumes a superficial position, its margin being continuous. 
with the trophoblast. The formation of the amnion will be again referred to. 


THE EMBRYONIC AREA 


In reptiles, birds, and mammals, only a part of the ovum is utilised in the 
development of the embryo proper, the remainder being used up in the formation 
of membranes and other appendages which are concerned with its protection and 
nutrition ; the blastodermic membrane therefore may be divided into embryonic 
and extra-embryonic areas (figs. 99, 100). If the ovum, at this stage, be 
viewed from the surface it will be seen to exhibit a centrally placed, circular, 
Opaque area surrounded by a more transparent portion. The central opaque 
part is the embryonic area (area embryonalis), and is equal in extent with the 
embryonic ectoderm already referred to; the peripheral clearer portion is the 
extra-embryonic area. The circumference of the embryonic region ‘ remains as 
a relatively slow-growing area, while the embryonic and extra-embryonic 
portions of the wall of the ovum rapidly increase in extent. Under these 
circumstances, it follows that the margin of the embryonic area will soon appear 
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as a ring between the opper embryonic and the lower or extra-embryonic parts of 
the ovum, both of which have expanded beyond it in all directions’ (Robinson).* 
The circumference of the embryonic area corresponds with the future umbilicus. 
The primitive streak; formation of the mesoderm.—The embryonic area 
becomes oval and then pear-shaped, the wider end being directed forwards. At 
the narrow, posterior end an opaque, crescentic or anchor-shaped patch makes its 
appearance, and gradually extends forwards as a dark streak along the middle line 
of the area for about one-half of its length ; this is termed the primitive streak 
(figs. 99, 100), and indicates the commencing development of a third layer of cells, 
which constitutes the mesoderm or mesoblast. A shallow groove, the primitive 
groove, makes its appearance on the surface of the streak, and the anterior end of 
this groove communicates by means of an aperture, the blastopore, with that part 
of the blastodermic vesicle which ultimately forms the primitive alimentary canal. 
The cells of the axial part of the embryonic ectoderm multiply rapidly and, grow- 
ing downwards, blend with those of the underlying entoderm; this thickening 


Fre. 99.—Embryo of a rabbit. Fig. 100.—Embryonic area of the ovum of 
(After Kolker.) rabbit at the seventh day. 
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of the ectoderm gives rise 
to a linear opacity, the 
primitive streak. From 
the sides and posterior 
extremity of the primitive 
streak a layer of cells, the 
mesoderm or mesoblast, 
extends outwards between 
the ectoderm and ento- 





ay, Embryonic area o, o. Region of the blestodermic vesicle 
derm, and 80 converts the "eenintaly surrounding the embryonic area, yr. Primitive 
bilaminar into a trilaminar streak. vf, Medullary groove. (From Kölliker.) 


blastoderm. Although the 
mesoderm is mainly derived from the cells of the ectoderm, possibly those of 
the entoderm also contribute. to it. 

The extension of the mesoderm takes place throughout the whole of the em- 
bryonic and extra-embryonic areas of the ovum, except in certain regions. One of 
these is seen immediately in front of the neural tube. Here the mesoderm extends 
forward in the form of two crescentic masses, which curve inwards and meet in 
the middle line so as to enclose behind them an area which is devoid of mesoderm 
and is named the oral plate or bucco-pharyngeal area, since it afterwards forms 
the septum between the primitive mouth and primitive pharynx. In front of the 
bucco-pharyngeal area, where the lateral crescents of mesoderm have fused in the 
middle line, the pericardium is afterwards developed, and this region is therefore 
designated the pericardial area. A second region where the mesoderm is absent, 
at least for a time, is that immediately in front of the pericardial area. This 
is the region where the pro-amnion is developed; in man, however, a pro- 
amnion is apparently never formed. 


* 1 The Early Stages of the Development of the Pericardium,’ by Professor Arthur 
Robinson. Journal of Anatomy and Physiology, vol. xxxvii. A 
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THE NEURAL GROOVE AND TUBE 


In front of the primitive streak two longitudinal ridges, caused by a looping 
or folding up of the ectoderm, make their appearance, one on either side of the 
middle line. These are named the medullary folds or lamine; they commence 
some distance behind the anterior end of the embryonic area, where they are 

continuous with each other, 


Fic. 101.--Human embryo—length 2 mm. Dorsal view, and from there gradually 
with the amnion laid open. x 30. (After Graf Spee; extend backwards, one on 
reconstruction.) either side of the primitive 


streak. Between these folds 
is seen a mesial, longitudinal 
furrow, the newral or medul- 
lary groove (figs. 100, 10%), 
which gradually deepens 
as the medullary folds be- 
come elevated. Ultimately 
the folds meet and coalesce 
ARMA d in the middle line and con- 
Ph Me, vert the neural groove into 
ey j a closed tube, the neural 
i 4 tube or canal (fig. 104), the 
surrounding ectodermal wall 
of which forms the rudiment 
of the nervous system. By 

? 7 the coalescence of the me- 
WSs BS dullary roli over the ante- 
SS rior end of the primitive 
gp, SW med streak, the Hiletspore no 

Body-stalk aaah, i: A longer opens on the surface 
A SSS ee but into the closed canal of 

-ni the neural tube, and thus a 
po E communication, the NEUTEN- 
n teric canal, is established 

E. between the neural tube and 
the primitive alimentary canal. The coalescence of the medullary folds first 
occurs in the region of the hind-brain, and from there extends forwards and 
backwards. Before jpey use posteriorly, the hinder part of the neural groove 
presents a rhomboidal shape, and to this expanded portion the term sinus rhom- 
boidalis has been applied (fig. 103). When the medullary folds: are in the act of 
closing in to form the neural tube, a crest or ridge of cells is separated from their 
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Fra. 102.—Section across the anterior part of the medullary groove. 
(By Schafer. Modified from Quain’s ‘ Anatomy.’) 
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edges. This js termed the neural crest or ganglion ridge (fig. 128), and is at first 
Tapto between the dorsal aspect of the ASAI tube and ae —_ ectoderm : 
it forms the rudiment of the ganglia of the spinal and cranial nerves. 

i The cephalic end of the neural groove exhibits several dilatations, which, when 
the tube is closed, assume the form of three vesicles ; these constitute the three 
primary cerebral vesicles, and correspond respectively to the future fore-brain, 
mid-brain, and hind-brain (fig. 103). Their walls are developed into the nervous 
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tissue and neuroglia of the brain, while their cavities become modified to form 
the brain ventricles. The remainder of the tube forms the central canal of the 
spinal cord, the neuroglial and nervous elements of which are formed from the 
ectodermal wall of the tube. 


THE NOTOCHORD OR CHORDA DORSALIS 


The notochord (figs. 104 and 106, 9, 10) consists of a rod of cells which is 
situated immediately below the neural tube and which constitutes the foundation 
of the axial skeleton, 


since around it are Fie. 103.—Chick embryo of thirty-three hours’ incubation, 
developed the bodies viewed from the dorsal aspect. x30. (From Duval’s ‘ Atlas 
of the vertebra. and d’Embryologie.’) 
the intervertebral 

discs; it entirely dis- 

appears in the situa- 3 
tion of the former, Head fold of amnion partly (ae 
but persists in the covering the fore-brain Ẹ 





centre of the latter as a 
the nucleus pulposus Mid-brain gong 
(figs. 116 and 117). g 
lis development is | 
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of the entoderm 
takes place; this 
thickening assumes 
the appearance of a 
furrow—~-the chordal 
Jurrow—the margins 
of which come into 
contact, and so con- 
vert it into a solid 
rod of cells — the 
notochord — which $ 
is then separated Fourteenth protovertebral © 
from the entoderm. somite F 
It les at first be- 
tween the neural 
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tube and the ento- Paraxial mesoderm 
derm of the primitive : 
alimentary canal, but 
soon becomes sur- Medullary ridge 22 


rounded by the in- 
growing mesoderm, 
which encloses it in 
a sheath, the noto- 
chordal sheath. It ; 
extends throughout Sinus rhomboidalis & 
the entire length of 
the future vertebral 
column, and its 
cephalic extremity 
reaches as far as the 
anterior end of the 
mid-brain. The ce- i 
phalic portion is at first in contact with the entoderm of the fore-gut, and its anterior 
end lies immediately behind the pituitary invagination of the stomatodceum. 
It becomes partly surrounded by mesoderm, and is then seen to end in a hook- 
like extremity in the region of the future dorsum sella of the sphenoid bone. 
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FORMATION OF THE BODY CAVITY OR CŒLOM 


As the mesoderm extends between the ectoderm and entoderm, it splits, 
except in the immediate neighbourhood of the neural tube, into an upper or 


Tie. 104.—Section across the dorsal part of a chick embryo of 
forty-five hours’ incubation. (Balfour.) 
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somatic, and a lower or splanchnic layer. The former becomes applied to the 
inner surface of the ectoderm, and with it forms the somatoplewre; while the latter 
adheres to the entoderm, and with it forms the 
Via. 105.—Traneverse sections splanchnopleure (figs. 104, 105, 106). The space 
through the embryo chick between the two mesodermic layers is termed the 
before and some time after body cavity or cawlom. The portion of this space 
the closure of the medullary which is enclosed within the embryo (embryonic 
canal, (After Remak.) cœlom) is developed into the cavities of the peri- 
toneum, pleura, and pericardium. The portion 
outside the embryo (extra-embryonic ccelom) en- 
velops the yolk-sac. That part of the mesoderm 
which remains undivided on either side of the 
neural tube is termed the paraxial. mesoderm, to 
distinguish it from the more laterally placed 
R portions which constitute the lateral mesoderm. 





THE PROTOVERTEBRAL SOMITES, 
OR PRIMITIVE SEGMENTS 


About the third week the paraxial mesoderm 
becomes transversely segmented and converted 
into a series of well-defined, more or less cubical 
areas, the protovertebral or mesodermic somites 

m (figs. 103 and 104), which extend from the region 
A. At the end of frat day, z Notochord, of the hind-brain along the entire length of the 

fol. 4, Botoderm 5, Mesoderm. “3, trunk on either side of the middle line. 

n On third day in pai aie They lie immediately under the ectoderm on 
Notochord in its sheath, 2. Neural the lateral aspect of the neural tube “and noto- 
canal. 4. Ectoderm,’ s g or peral chord, and are connected to the lateral mesoblast 
fam. 5, Splanchale mesoderm, 4x5. by a narrow isthmus of cells, the intermediate 

7 O Alimentary canal. ell-mvass, in which the genito-urinary organs are 
developed. The cells of each somite encircle a 
central cavity—the myocel—which, however, soon becomes filled with angular 
and spindle-shaped cells. The somites of the trunk may be arranged in the 


following groups, viz. : cervical 8, thoracic 12, lumbar 5, sacral 5, and coccygeal 


ere 











- — —— ee = ras -— 


y i A Jig. 106.—1-5 are diagrammatic representations of cross and longitudinal sections through the hen’s 
~ hm A erent stages of incubation. 6 represents a cross-section through an embryo fish. 7. A longitudinal 
ee ae rough a Selachian embryo. 8 and ọ. Half of a cross-section through an embryo chick of two and 
aie z respectively (after Kölliker), zo. Cross-section through a five days’ chick embryo (after Remax): 
oa p — ee es -— eo The ectoderm is coloured blue: the mesoderm red, the 
‘rh = 2S -88C yellow. ' tel 
E ntwickelungsgeschichte:) yellow e reference letters apply to all the diagrams. (From Hertwig’s 
#. Ectoderm. me. Mesoderm. hy. Entoderm. mr. Medullary ridges. NW. Neural canal. af. Amniotic fold f, 
- eae posterior, and lateral amniotic folds. A.C. Amniotic cavity. Am. ro nd Ch. Chorion. oe Pe 
ilicus. Zf. Lateral fold. Af. Head fold. vd. Vitello-intestinal duct. ig. Intestinal groove. al, Allautois. 
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Fic, 106.—Diagrams to illustrate the development of the embryo with its yolk-sae, 
amnion, and allantois. (From Hertwig’s ‘ Embryology.’) 
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ys. Yolk-sac. ix. Intestinal umbilicus. me. Somatic mesoderm. me. Splanchnic mesoderm. dm. Dorsal 
mesentery. wm. Ventral mesentery. gc’, pe®. Plenro-peritoneal cavity. va. Vascular area, va’. Limit of vascular 
area, ya. Yolk area. ya’, Limit of yolk area. m. Mouth. ne. Notochord. ao. Aorta. a. Anus. p. Yolk masa. 
In ro, y is placed in the primitive alimentary canal. W.b. Wolffian body. jy. Pore-gut. hg. Hind-gut. tf. Tuil 
fold. ne. Neurenterie canal, 
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from 5 to 8. Those of the head are three or four in number, and extend 
rar far as the primitive ear-capsule. 
i jaaa of the blastoderm are therefore named, from without inwards, 
the ectoderm, mesoderm, and entoderm (tgs. p- ~ 104). Each has distinctive 
t d gives rise to’ certain tissues of the body. 
a AE iro olen consists of columnar cells, which are, however, somewhat 
flattened or cubical towards the margin of the embryonic area. It forms the 
whole of the nervous system, the epidermis of the skin, the lining cells of the 
sebaceous, sweat and mammary glands, the hairs and nails, the epithelium of the 
nose and adjacent air-sinuses, and that of the cheeks and roof of the mouth. 
From it also are derived the enamel of the teeth, and the anterior lobe of the 
pituitary body, the epithelium of the cornea, conjunctiva, and lachrymal glands, 
d the neuro-epithelium of the sense organs. l 
a The aioe aet consists at first of flattened cells, which subsequently become 
columnar. It forms the epithelial lining of the whole of the alimentary canal 


Fic. 107.—Section through the embryo which is represented in fig. 101. 
(After Graf Spee.) 
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excepting part of the mouth and pharynx and the terminal part of the rectum 
(which are lined by involutions of the ectoderm), the lining cells of all the glands 
which open into the alimentary canal, including those of the liver and pancreas, 
the epithelium of the Eustachian tube and tympanic cavity, of the trachea, 
bronchi, and air-cells of the lungs, of the urinary bladder and part of the urethra, 
and that which lines the follicles of the thyroid and thymus glands. 

The mesoderm consists of loosely arranged branched cells surrounded by a 
considerable amount of intercellular fluid. From it the remaining tissues of 
the body are developed. The epithelial lining of the heart and blocd-vessels is, 
however, regarded by some as being of entodermal origin. 


DELIMITATION OF THE EMBRYO 


As has been pointed out, the margin of the embryonic avea is of relatively 
slow growth compared with the rapidly developing embryonic and extra-embryonic 
parts of the ovum, and thus it forms a ring of constriction between these two 
areas, which expand above and below it. The embryonic area is in this manner 
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constricted off from the blastodermic vesicle to form the embryo ; and as this takes 
place, a small part of the blastodermic vesicle is enclosed within the embryo and 


Fie. 108.—Diagrain of a transverse section of an embryo, showing the mode of formation 
of the amnion. The amniotic folds have nearly united in the middle line. (From 
Quain’s ‘ Anatomy,’ vol. i. pt. 1, 1890.) 





constitutes the primitive alimentary canal, while the larger portion of the vesicle 
is left outside the embryo, and is termed the yolk-sac or umbilical vesicle (fig. 108). 
The passage between the primitive alimentary canal and the yolk-sac is named 
the vitelline or omphalo- 

mesenteric duct (fig. 166). Fra. 109.—Diagrammatic section through the ovum of 
Although the embryo a mammal in the long axis of the embryo. 
grows in all directions, 
it increases much more 
rapidly in length than in 
width; and coincident with 
this, the cephalic and cau- 
dal extremities are bent 
downwards to form the 
cephalic and caudal folds 
respectively (figs. 109 and 
166), With the forward 
growth of the head the 
pericardial area is folded 
backwards under it, and 
comes to lie in the ventral 
wall of the primitive ali- 
mentary canal, its original 
upper surface, in this man- 
ner, becoming its under 
surface. When the ce- 
phalic and caudal flexures 
have been formed, the pri- 
mitive alimentary canal 
presents the appearance +. The cranio-vertebral axis. £, 7, The primitive alimentary canal, a. The 





1 amnion. a’, The point of reflection into the false amnion. v. Yolk-sac, 
of a nearly straight tu be, communicating with the mid-gut. vi. The vitello-intestinal duct, w. The 
closed at its two extremi- allantois. The ovum is surrounded externally by the villous chorion. 


ties. This tube is divided . 

into three portions, viz.: (a) the fore-gut, between the pericardium and the noto- 
chord ; (b) the mid-gut, opening directly into the yolk-sac; and (e) the hind-gut, 
contained within the caudal fold (fig. 166). 
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MEMBRANES AND APPENDAGES OF THE FETUS 


These are concerned with the protection and nourishment of the embryo, and 
comprise (1) the yolk-sac, the amnion, the chorion, the allantois, and the umbilical 
cord, which are of foetal origin ; (2) the uterine decidua, which is produced by a 
modification of the mucous membrane of the uterus ; and (3) the placenta, which 
is derived partly from foetal and partly from maternal tissues. stony 

The Yolk-sac (figs. 101, 107 and 108).—In the human embryo this is of small 
size, and only supplies nourishment to the embryo during the earlier stages of its 
existence. It is an appendage of the alimentary canal, and consists, as has been 
explained, of that portion of the blastodermic vesicle which is not enclosed within 
the body of the embryo to form the primitive alimentary canal, and: like that tube 
it is lined by entoderm, outside of which is a layer of mesoderm. It assumes the 
form of an oval sac, which is filled with fluid, the vitelline fluid ; it is situated on 
the ventral aspect of the embryo, and communicates with the mid-gut by means 
of the vitelline duct. Blood is conveyed to the wall of the sac by the primitive 
norte, and after circulating through a wide-meshed capillary plexus, termed the 


Fic. 110.—Human embryo of about fourteen days old with yolk-sac. (After His.) 
(From Kollmann’s ‘ Entwickelungsgeschichte. ’) 
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vascular area, is returned by the vitelline veins to the tubular heart. This con- 
stitutes the vitelline circulation (fig. 110), and by means of it nutritive materia! 
is absorbed from the vitelline fluid and conveyed to the embryo. The yolk-sac 
increases in size up to the end of the fourth week, and then presents the appearance 
of a pear-shaped vesicle, opening into the alimentary canal by a long narrow tube, 
the vitelline duct. This duct is sooner or later obliterated, but a trace of it is 
sometimes found in the adult as a diverticulum from the small intestine; this is 
known as Meckel’s diverticulum, and is situated from two to four feet above the 
ilio-colie junction. 

_ The Amnion is a membranous sac which surrounds and protects the embryo. It 
is at first of small size, but increases considerably towards the middle of pregnancy 
as the foetus acquires the power of independent movement. It exists only in 
reptiles, birds. and mammals, which are hence called ‘ Amniota ’; being absent in 
amphibia and fishes, which are consequently termed‘ Anamnia.’ In man, monkeys, 
and some of the bats the primitive amniotic cavity probably persists (fig. 98). As 
already explained (page 80), Van Beneden regards the amniotic cavity as being 
produced by a hollowing-out of the inner cell-mass, owing to the atrophy and 


MEMBRANES AND APPENDAGES OF THE FETUS 89 


disappearance of some of its cells. Mall, on the other hand, suggests that the 
amnion is formed by an inversion of the blastoderm. 

In reptiles, birds, and certain mammals itis developed in the following manner. 
At the point of constriction where the primitive alimentary canal of the embryo 
joins the yolk-sac—i.e. in the region of the future umbilicus—a reflection or folding 
upwards of the somatopleure takes place. This fold first makes its appearance 
at the cephalic extremity, and subsequently at the caudal end and sides of the 
embryo, and, gradually rising more and more, its different parts meet over the 
dorsal aspect of the embryo. After coming into contact they fuse, and the septum 
between them disappears, so that the inner layer of the cephalic part becomes 
continuous with the inner layer of the caudal and lateral parts, and the outer 
with the outer. Thus there are two membranes formed, one produced by the 
inner layer of the fold—the amnion—which encloses a space over the back of the 
embryo—the amniotic cavity ; the outer membrane is termed the serosa, false 
amnion, or chorion (figs. 106 
and 108). The space be- Fic. rrr.—Transverse section through the dorsal 
tween the amnion and the region of an embryo chick, end of third day. (From 
chorion constitutes the extra- Foster and Balfour.) 
embryonic cœlom, already re- mo 
ferred to, and is at first in 
communication with the em- 
bryonic cœlom or primitive 
pleuro - peritoneal cavity. 
When first formed the amnion 
is in close contact with the 
body of the embryo, but about 
the fourth or fifth week fluid 
begins to accumulate within 
it. This fluid constitutes the 
liquor ammii, and, increasing ` 
in quantity, causes the am- 
nion to expand and ultimately 
to adhere to the inner surface 
of the chorion, so that the 
extra-embryonic part of the 
coelom is obliterated. The 
amnion therefore covers the 
inner surface of the chorion 
and the foetal aspect of the 
placenta. The liquor amnii 
increases in quantity up to 
the sixth or seventh month 
of pregnancy, after which ; = 
it diminishes somewhat in 4%; Amnon. mp, Musleplnte, co. Canlinal vain. in, Dorsal sorte 


amount. It allows of the Wd. Woltfian dret. Wh. Cement of e on ae Wolffian 
body. ep, Entoderm. So. Somatopleure. Ay. Ectoderm. The section 
free movements of the fœtus pea through the place where the alimentary canal communicates 


during the later stages of with the yolk-sac. Sp, Splanchnopleure. mc. Medullary canal. 
pregnancy, and also protects | l 

it by diminishing the risk of injury from without. It contains less than 2 per 
cent. of solids, which consist of urea and other extractives, inorganic salts, a 
small amount of albumen, and frequently a trace of sugar. That part of the fluid 
is swallowed by the fœtus is proved by the fact that epidermal débris and hairs 
have been found among the contents of the foetal alimentary canal. 

The Chorion (figs. 109 and 112).—The chorion is developed from the wall of 
the blastodermic vesicle, and consists of two layers: an outer formed by the 
primitive ectoderm or trophoblast, and an inner by the somatic mesoblast 
(figs. 107 and 114). The trophoblast is made up of an internal layer of cubical or 
prismatic cells, the cytoblast or layer of Langhans, and an external layer of richly 
nucleated protoplasm devoid of cell boundaries, the syncytium. Numerous villous 
processes, the chorionic villi, project into the decidua from the entire outer surface 
of the chorion. These are at first small and non-vascular, and consist of tropho- 
blast only, but they increase in size and undergo ramification ; while the mesoderm, 
carrying branches of the umbilical vessels, grows into them, and in this way they 
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are vascularised. These villi invade and destroy the decidua of the uterus, and at 
the same time absorb from it nutritive materials for the growth of the embryo. 
Until about the end of the second month of pregnancy the villi which cover the 
chorion are of an almost uniform size (fig. 109), but after this they develop 
unequally. The greater part of the chorion is in contact with the decidua reflexa 
(fig. 115), and over this portion the villi, with their contained vessels, undergo 
atrophy, so that by the fourth month scarcely a trace of them is left, and hence 
this part of the chorion becomes smooth, and is named the chorion lave; as it 
takes no share in the formation of the placenta, it is also named the non-placental 
part of the chorion. On the other hand, the villi on that part of the chorion which 
is in contact with the decidua serotina increase greatly in size and complexity, 
and hence this part is named the chorion frondosum. Since it forms the foetal 


Fie. 112.—Magnified view of the human embryo of four weeks, with the 
membranes opened. (From Leishmann, after Coste.) 
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y. The umbilical vesicle with the vitelline vessels, v, and its long tubular attachment to the intestine. e. The villi of 
the chorion. m, The amnion opened, tw. Cul-de-sac of the allantois, and on each side of this the umbilical vessels 
passing out to the chorion, Inthe embryo: a. The eye, e. The otic vesicle, A. The heart. 7, The liver. o. The 


upper ; p, the lower limb. w. Wolffian body, in front of whichitare the mesentery and intestine. The Wolffian duct 
and tubes are not represented. 


portion of the placenta, it is appiopriately named the placental part of the chorion, 
and its villi, the placental villi (fig. 115). 

The Allantois (figs. 166 and 167).—The allantois arises as a diverticulum from 
that part of the hind-gut which later forms the cloaca: it grows out into a mass 
of mesoderm which lies below and around the tail end of the embryo. The 
diverticulum is lined by entoderm and covered by mesoderm, and in the latter are 
carried the allantoic or umbilical vessels. 

In reptiles, birds, and many mammals the allantois becomes expanded into a 
vesicle (figs. 106 and 109) which projects into the extra-embryonic cæœlom, i.e. into 
the space between the amnion and the chorion. If its further development be traced 
m the bird, it is seen to project to the right side of the embryo, and, gradually 
expanding, it spreads over its dorsal surface as a flattened sac between the 
amnion and the chorion, and, extending in all directions, ultimately surrounds the 
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yolk. Its outer wall becomes applied to, and fuses with, the chorion, which lies 
immediately inside the shell membrane. Blood is carried to the allantoic sac by 
the two allantoic or umbilical arteries which are continuous with the primitive 
aorte, and, after circulating through the allantoic capillaries, is returned to the 
primitive heart by the two umbilical veins. In this way the allantoic circulation, 
which is of the utmost importance in connection with the respiration and 
nutrition of the chick, is established. Oxygen is taken from, and carbonic acid 
is given up to, the atmosphere through the egg-shell, while nutritive materials 
are at the same time absorbed by . 
the blood from the yolk. Fic. 143.—Diagrammuatic sections of the uterine 
In man and other primates the mucous membrane: (a) of the non-pregnant 
nature of the allantois is entirely uterus; (B) of the pregnant uterus, showing 


different from that just described. the thickened mucous membrane and the 
Here it exists merely as a narrow altered condition of the uterine glands. 





tubular diverticulum of the hind-gut, ARR ARBAE 
and never assumes the form of a SAA BASRHE 
vesicle outside the embryo. With AHAH 2/212 ( S13: 
the formation of the amnion the Mucous membrane Jeg E ; ABBE 
embryo is, in most animals, entirely SR 4 Ae Eee * 
separated from the chorion, and is St7 EAH ede 
only again united to it when the J BA GHEH 
allantoic mesoderm spreads over AUDE E 
and becomes applied:`to its inner CE IE SSS 
surface. The human embryo, on 

the other hand, as was pointed out 

by His, is never wholly separated = ES 
from the chorion, its tail ad being al Ea ae 
from the first connected with the Se (= 
chorion by means of a thick band SS oe 
of mesoderm, named the body-stalk stratum compactum =J EE 
(Bauchstiel of His—figs. 107 and Hl 
167); into this stalk the tube of =Z 
the allantois extends (fig. 167). HBH ES E 
Moreover, in the human embryo = et = 


with the growth of the tail and the 
formation of the caudal flexure it 
assumes a ventral position, and the 
tubular allantois is then seen to 
open from the cloacal part of the 
hind-gut. The intra-abdominal 
part of the allantois becomes the 
tibrous cord of the wrachus, and the 
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the allantoic diverticulum is seen J 
before the hind-gut is formed, and = ELF 
appearsas a tubular protrusion from =e 
the blastodermic cavity (fig. 107). =F Ea g 
The body-stalk is at first attached =3 es E 
to the hind-end of the embryo, but == aS i; 

Stratum spongiosum ¥ 
body-stalk is elongated to form the 
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The allantoic mesoderm gradu- ae ; 
ally spreads itself over the inner er idayer AALA 
surface of the chorion, and, invading EPA E 
the chorionic villi, supplies them oS = 
with blood-vessels. The chorionic Muscular fibres -—  -— 


villi are embedded in the uterine Pa | 
decidua, and thus, by means of the allantoic circulation, nutritive substances are 
absorbed from the maternal blood and carried through the allantoic velns to 
the foetus ; at the same time, the waste products of the fœtus are passed into the 
maternal blood. Coincident with the atrophy of the non-placental villi of the 
chorion, the corresponding branches of the allantoic vessels become obliterated. 
Those vessels, on the other hand, which supply the placental villi undergo great 
enlargement, and constitute the foetal blood-vessels of the placenta. 


92 EMBRYOLOGY 

The decidua.—Some four or five days before each menstrual period, changes 
are initiated in the mucous membrane of the uterus in order to render it fit for 
the reception of a fertilised ovum. It becomes congested and hypertrophied, its 
connective-tissue cells are increased in number, and its glands are expanded. Ii 
the ovum be not fertilised, the superficial layer of the mucous membrane rapidly 
degenerates and is cast off, while the superficial vessels are at the same time 
ruptured, causing the hemorrhage of menstruation. After the cessation of the 
menstrual flow, the mucous membrane is regenerated, and the epithelium of the 
glands spreads over its surface and forms a new epithelial covering. If the ovum 
be fertilised, these degenerative processes do not occur: the mucous membrane 
ig retained in situ and undergoes further chagges, which result in the formation 
of the decidua. 

These further changes are as follows: Its thickness and its vascularity are 
greatly increased ; its glands are elongated and open on its free surface by funnel- 
shaped orifices, while their deeper portions are tortuous and dilated into irregular 
spaces. The interglandular tissue is also increased in quantity, and is crowded 
with large round, oval, or polygonal cells, termed decidual cells. These changes 
are well advanced by the second month of pregnancy, and at this time the mucous 
membrane consists of the following strata (fig. 113): (1) Stratum compactum, 
next the free surface ; in this the uterine glands are only slightly expanded, and 
are lined by columnar cells. (2) Stratum spongiosum, in which the gland tubes 
are greatly dilated and very tortuous, and ultimately come to be separated by 
only a small amount of interglandular tissue, while their lining cells are flattened 
or cubical. It is through the deep part of this layer that the placenta is separated 
after the birth of the child. (3) A thin basal layer, next the uterine muscular 
fibres, containing the deepest parts of the uterine glands, which are not dilated, 
and are seen to be lined with columnar epithelium. It is from this epithelium 
that the epithelial lining of the uterus is regenerated after pregnancy. The 
decidua lines the whole of the body of the uterus, without, however, occluding the 
orifices of the Fallopian tubes. 

When the fertilised ovum reaches the interior of the uterus it attaches itself 
to the decidua, generally in the region of the fundus uteri. It has been customary 
to describe the decidua as growing up around the ovum so as ultimately to cover 
it in—the part which grows over and covers it in being named the decidua reflexa 
or capsularis. The portion of the decidua which intervenes between the ovum 
and the uterine muscular fibres is known as the decidua serotina, while that 
which lines the remainder of the body of the uterus is termed the decidua vera 
(fig. 115). In view, however, of the observations of Hubert Peters, who has 
investigated the placental development in a human ovum estimated to be less 
than a week old, this description must be somewhat modified. In Peters’ 
specimen (fig. 114) the entire ovum was lenticular in shape, its longest diameter 
being parallel to the decidua serotina. The whole ovum was embedded in the 
decidua on the posterior wall of the uterus, forming a slight projection towards 
the uterine cavity. At the central part of this prominence the uterine epithelium 
was absent over an area measuring 1 mm. in diameter, and this aperture was 
closed by a blood-clot. Peters’ observations therefore lead to the conclusion that 
as soon as the fertilised ovum enters the uterus it adheres to the decidua, and, 
destroying the surface epithelium, rapidly sinks into the substance of the stratum 
compactum, in which it becomes embedded. The ovum quickly expands, and 
excavates the stratum compactum both in width and depth, and the overhanging 
part of the decidua forms the decidua reflexa or capsularis ; the original aperture 
by which the ovum entered being closed by blood-clot, which ultimately undergoes 
organisation. No remains of the surface epithelium of the uterus were found on 
ie pag unite of the decidua reflexa, nor over the decidua serotina. The 
"a ee = exa contained no uterine glands, nor were any glands seen opening 
N = ace of the decidua serotina. Remains of dilated glands were present 
+ oe sa part of the decidua serotina, but their communications with the 
ee ma onger existed. Villous processes covered the whole surface of the 
Pee ec eee into the surrounding decidua. Many of these villi consisted 
en ne only, but some contained cores of mesoderm. Spaces filled with 
Bari ood were found in the trophoblastic syncytium, and the processes 
aie aes were seen to embrace the maternal capillaries. The amnion was 

over the rudiment of the embryo, and the latter consisted of a patch 
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of columnar ectodermal cells, on the ventral aspect of which there existed a small 
closed yolk-sac. The amnion and yolk-sac were enveloped by mesoderm, and 
the latter was continuous with the chorionic mesoderm by a cord of cells which 


represented the body-stalk. 


Fic. 114.—Section through early ovum embedded in the uterine decidua. 
Seni-diagrammatic. (Modified from Peters.) 
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a. Amniotic cavity. b, Maternal blood-vessels, e. Embryonic ectoderm. en. Eutoderm. f. Mass of fibriu. 
g. Uterine glands. m. Mesoderm. mm. Uterine decidua. s. Body-stalk. t. Trophoblast. u. Uterine 


epithelium, v. Yolk-sac. 

Coincident with the growth of the embryo, the decidua reflexa is thinned and 
expanded (fig. 115). Its vascular supply is diminished, and it undergoes degenera- 
tion, and at the same time the non-placental villi atrophy and disappear. The 
space between the decidua reflexa and the decidua vera is gradually obliterated, so 
that by the third month of pregnancy the two are in contact. By the fifth month 
the decidua reflexa has practically disappeared, and, as a consequence, the chorion 
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leve comes directly into contact with the decidua vera. During the succeeding 
months of pregnancy the decidua vera also undergoes atrophy, owing to the 
increased pressure. The glands of the stratum compactum are obliterated, and 
their epithelium is lost. In the stratum spongiosum the glands are compressed 
and present the appearance of slit-like fissures, while their epithelium undergoes 
degeneration. In the deepest layer, however, the glandular epithelium retains a 
columnar or cubical form. 

The Placenta.—The placenta connects the foetus to the uterine wall, and is 
the organ by means of which the nutritive, respiratory, and excretory functions 
of the foetus are carried on. It consists of two parts—foetal and maternal—the 
former being derived from the villi of the chorion frondosum with their contained 
blood-vessels, the latter from the decidua serotina, i.e. the part of the uterine 
decidua which intervenes between the ovum and the muscular wall of the uterus 
(fig. 115). It has been pointed out that at first the chorionic villi consist of 
trophoblast only—viz. the layer of Langhans and the syncytium-—and that later 
they are invaded by the allantoic mesoderm, which conveys to them branches of 
the umbilical arteries. The syncytium proliferates rapidly, and burrows into and 


Fic. 115.—Sectional plan of the gravid uterus in the third and fourth month. 
(Modified from Wagner.) 
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absorbs the tissues of the decidua. It also becomes vacuolated, and the extremities 
of its processes surround the maternal capillaries, which are seen to open directly 
into the spaces in the syncytium ; and thus the maternal blood comes to circulate 
through these spaces (fig. 114). Subsequently the non-placental villi of the chorion, 
which project into the decidua reflexa, become atrophied, and this part of the 
chorion is rendered smooth (chorion leve). On the other hand, the villi of the 
chorion frondosum, which project into the decidua serotina, increase enormously 
in size and complexity, and practically replace the whole of the superficial layer 
of this part of the decidua; and the greatly ramified villi come to be suspended 
in a series of freely communicating spaces, the maternal blood-sinuses, which are 
filled with maternal blood. The maternal blood is conveyed to these spaces by 
the uterine arteries, and, after circulating slowly through them, is drained away 
by the uterine veins. 

_ The endothelial lining of the uterine vessels can only be traced for a short 
distance from the mouths of the vessels on to the walls of the Spaces, and is then 
lost. Whether the spaces beyond this point are lined by modified decidual cells, 
or by an expansion of the trophoblastic syncytium, is not yet determined ; it must, 
however, be clearly understood that they are not lined by uterine epithelium. 
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Each chorionic villus contains a branch of an umbilical artery and a tributary 
of the umbilical vein, with an intervening capillary plexus. These are surrounded 
by thin mesodermal walls, which, in turn, are covered by two strata of cells. 
These two strata are probably both of foetal origin, and may represent the layer 
of Langhans and the modified syncytium. As to their nature there is, however, 
a marked difference of opinion—some observers regarding one (that next the 
maternal blood), others both, as being of maternal origin. The foetal blood is 
separated by these thin layers from the maternal blood in the sinuses, and hence 
there is no intermingling of the foetal and maternal blood-currenis. Nevertheless, 
the foetal blood is able to absorb, through the thin walls of the villi, oxygen and 
nutritive materials from the maternal blood, and give up to the latter its waste 
products. The blood, thus purified, is carried back to the foetus by the umbilical 
vein. It will thus be seen that the placenta not only establishes a mechanical 
connection between the mother and the fœtus, but subserves for the latter the 
purposes of nutrition, respiration, and excretion. In favour of the view that the 
placenta possesses certain selective powers may be mentioned the fact that 
glucose is more plentiful in the maternal than in the foetal blood. It is interest- 
ing to note also that the proportion of iron, and of lime and potash, is increased 
during the last months of pregnancy. Further, there seems evidence that the 
maternal leucocytes may migrate into the foetal blood, since leucocytes are much 
more numerous in the blood of the umbilical vein than in that of the umbilical 
arteries. 

Separation of the placenta.—After the child is born, the placenta and mem- 
branes are expelled from the uterus as the after-birth. The separation of the 
placenta from the uterine wall takes place through the deepest part of the stratum 
spongiosum, and necessarily causes rupture of the uterine vessels. The orifices 
of the torn vessels are, however, closed by the firm contraction of the uterine 
muscular fibres, and this, together with the formation of a blood-clot over the 
placental site, prevents post partum-hemorrhage. The epithelial lining of the 
uterus is regenerated by the proliferation of the epitheliam which lines the 
persistent portions of the uterine glands in the basal layer of the decidua. 

After its separation the placenta appears. as a flattened disc, which weighs 
about a pound, and has a diameter of from six to eight inches. Its average 
thickness is about an inch and a quarter, but diminishes rapidly towards the 
circumference of the disce. Its outer or decidual surface is comparatively smooth, 
but on inspection is seen to be incompletely divided into a number of lobules or 
cotyledons ; the fissures between the lobules correspond with septa which pass 
inwards towards the chorionic surface of the placenta. Most of these septa end 
in irregular or pointed processes after extending for a short distance; but others, 
especially those near the edge of the placenta, extend through its thickness and 
are attached to the chorion. In the early months these septa convey branches 
of the uterine arteries which open into the maternal sinuses on the surfaces of the 
septa. The inner or chorionic surface of the placenta is smooth, being closely 
invested by the amnion. Seen through the latter, the chorion presents a mottled 
appearance, consisting of grey, purple, or yellowish areas. The umbilical cord is 
usually attached near the centre of the placenta, but may be inserted anywhere 
between the centre and the margin. In some cases it is inserted into the mem- 
branes, le. the velamentous insertion. From the attachment of the cord the 
larger branches of the umbilical vessels radiate under the amnion, the veins 
being deeper than the arteries, and of a greater size. Occasionally remains of 
the vitelline duct and yolk-sac may be observed beneath the amnion, close to the 
cord, the former as an attenuated thread, the latter as a minute sac. 

On section, the placenta presents a soft, spongy appearance, caused by the 
greatly branched villi, which are surrounded by a varying amount of maternal 
blood—the latter giving rise to the dark red colour of the placenta. Many of 
the larger villi extend from the chorionic to the decidual surface, while others are 
attached to the septa which extend inwards from the decidual surface of the 
placenta; but the great majority hang free in the maternal sinuses, like the 
branches of a tree. Owing to the rapid thinning of the placenta at the periphery 
of the dise, its decidual and chorionic surfaces come into contact. 

The umbilical cord.—The rudiment of the umbilical cord is represented by 
the constricting ring which separates the rapidly growing embryo from the extra- 
embryonic area of the ovum. Included in this ring are the body-stalk and the 
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vitelline duct—the former containing the allantoic diverticulum and the umbilical 
vessels, the latter forming the communication between the alimentary canal and 
the yolk-sac. The body-stalk is a continuation of the tail end of the embryo, 
connecting the latter with the chorion. On transverse section, the amnion is 
geen to arch over its dorsal aspect, which is covered by thickened ectoderm and 
shows a trace of a medullary groove. Running through its mesoderm are the 
two umbilical arteries and the two umbilical veins, together with the canal of the 
allantois—the last being lined by entodermal epithelium. Its ventral surface is 
bounded by the extra-embryonic ccelom, and is in contact with the vitelline duct 
and yolk-sac. With the rapid elongation of the embryo and the formation of the 
tail fold, the body-stalk is carried forwards to the ventral surface of the embryo, 
where its mesoderm blends with that of the yolk-sac and the vitelline duct. The 
lateral leaves of somatopleure then grow round on each side, and, meeting on the 
ventral aspect of the allantois, enclose the vitelline duct and its vessels, together 
with a part of the embryonic ccelom ; the latter is ultimately obliterated. The 
cord, therefore, is not covered by the amnion, but by a layer of ectoderm which is 
continuous with that of the amnion at the placental end of the cord, around which 
the amnion is attached. The various constituents of the cord are enveloped by 
embryonic gelatinous tissue (jelly of Wharton). The vitelline vessels and duct, 
together with the right umbilical vein, undergo atrophy, and disappear ; and thus 
the cord, at birth, contains a pair of umbilical arteries and only one umbilical 


vein. 
DEVELOPMENT OF THE EMBRYO 


The further development of the embryo will, perhaps, be best understood by 
giving an outline of the principal facts relating to the development of the chief 
parts of which the body consists, viz. the skeleton, the pharyngeal cavity, mouth 
&c., the nervous centres, the organs of the senses, the circulatory system, the 
alimentary canal and its appendages, the respiratory and the . genito-urinary 
organs. The reader is also referred to the chronological table of the develop- 
ment of the foetus at the end of this section. 


DEVELOPMENT OF THE SKELETON 


The entire skeleton is of mesoblastic origin ; it may be divided into (a) the 
skeleton of the trunk (axial skeleton), comprising the vertebral column, skull, ribs, 
and sternum, and (b) that of the limbs (appendicular skeleton). 

The vertebral columyp.—The notochord (fig. 104) is the first rudiment of the 
vertebral column, and forms a central axis, around which its segments are deve- 
loped. It is derived from the entoderm, and consists of a rod of cells, which lies 
on the ventral aspect of the neural tube and reaches from the anterior end of the 
mid-brain to the extremity of the tail. The paraxial mesoderm divides from 
kefore backwards into a number of segments,’ the protovertebral somites or 
primitive segments (fig. 103), which are arranged symmetrically on either side of 
the neural tube ; and to each pair of somites a pair of spinal nerves is distributed. 
Each somite at first contains a central cavity or myoccel, which, however, is soon 
filled with a core or nucleus of angular and spindle-shaped cells. The cells of 
each somite become arranged into three groups: viz. (1) an external or dorsal, 
the cutis plate ; (2) an internal, the muscle plate or myotome ; and (3) a ventral, the 
sclerotome. The cells of the sclerotome are largely derived from those which 
constitute the core of the myoceel. Fusion of the individual sclerotomes in an 
antero-posterior direction soon occurs, and all trace of their originally segmented 
condition is lost; they then form a continuous strand of cells, the scleratogenous 
layer, which extends along the ventral and lateral aspects of the neural tube. 
The cells of this layer proliferate rapidly, and, gradually extending inwards, 
enclose the notochord in a continuous investment. From this investment the 
base of the skull, the vertebrae and their ligaments, and the membranes of the 
spinal cord are developed. It becomes thicker and more condensed opposite 
each protovertebral somite, and then extends outwards and backwards in the form 
of an arch, which is named the primitive vertebral bow. The mesial part of this 
bow lies below the notochord, and is named the hypochordal bar or brace. The 
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lateral portions of the bow extend both dorsally and ventrally—the dorsal exten- 
sion surrounds the neural tube, and forms the future neural arch of the vertebra ; 
while the ventral becomes the costal process. The body of the vertebra is 
developed from that part of the investing mass which lies on the dorsal aspect, 
the hypochordal bar, and immediately surrounds 
the notochord. It makes its appearance as two Fre. 116.— Longitudinal section 
small cartilaginous nodules, one on each side of of vertebral column of an eight 
the notochord, around which they ultimately fase weeks’ human fœtus. (Kölliker.) 
to form the cartilaginous vertebral body. TA 

Except in the case of the first cervical 
vertebra, the hypochordal bar of the primitive 
vertebral bow disappears by fusing with the 8ođy of vertebra 
intervertebral disc. In the first cervical vertebra, Intervertebral disc 
on the other hand, the entire bow persists, the 
hypochordal bar being developed into the an- 
terior arch of this bone. The cartilaginous body Notochord 
of this vertebra fuses with that of the second a 
cervical to form its odontoid process. 

The portions of the notochord which are 
surrounded by the bodies of the vertebrae atrophy, 
and ultimately disappear, while the parts which 
lie in the centre of the intervertebral dises undergo enlargement and persist through- 
out life as the nucleus pulposus in the centre of these dises (figs. 116 and 117), 





Fic. 117.—Sagittal section through the intervertebral dise and adjacent parts of two 
vertebre of an advanced sheep’s embryo. (Kölliker.) 
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Development of the ribs.—The ribs are formed from the ventral or costal 
processes of the primitive vertebral bows already referred to. Hach of these 
processes grows ventrally into the body wall, inclining at first backwards and out- 
wards, so as to pass on the caudal aspect of the corresponding muscle-plate. They 
are at first continuous with the primitive vertebre ; but when the latter become 
cartilaginous, the direct continuity is lost at the costo-vertebral articulations. 
Normally, there are only twelve pairs of ribs, but the costal processes of the last 
cervical or of the first lumbar vertebra are sometimes developed into movable 
ribs. 

Development of the sternum.—The view generally held regarding the develop- 
ment of the sternum is that it arises as a paired structure from the ventral ends 
of the ribs, and that the two halves fuse in the middle line. The anterior ends 
of the nine upper costal bars join to form a cartilaginous strip on each side of the 
middle line—the two strips being at first connected by membrane. They then 
become united in the middle line from before backwards, and so give rise to a 
longitudinal piece of cartilage, which represents the manubrium and gladiolus. 
The ventral ends of the eighth and ninth cartilages fuse to form the xiphoid 
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appendix, and subsequently lose their connection with the sternum. Sometimes 
the eighth retains its original connection, and constitutes an eighth true rib, 
which occurs more frequently on the right than on the left side. This bilateral 
condition of the primitive sternum would serve to explain the occurrence of 
fissures or holes in the bone, as well as that rare anomaly, a completely divided 
sternum. ~ . 
Paterson,* on the other hand, after reviewing the literature on this subject, 
and giving the results of his own observations on the embryonic and adult 
conditions of the sternum in man and some of the lower animals, says: ‘The 
weight of evidence is all on the side of the primary association of the sternum 
with the shoulder girdle and its secondary connection with the ribs.’ 
Development of the skull —Up to a certain stage the development of the skull 
corresponds with that of the vertebral column ; but it is modified later in associa- 
tion with the expansion of the brain-vesicles, the formation of the organs of 
smell, sight, and hearing, and the development of the mouth and pharynx. The 
notochord, which extends as far forwards in the base of the future skull as the 
anterior end of the mid-brain, becomes partly surrounded by mesoderm. The 
posterior part of this mesodermal investment corresponds with the future basi- 
occiput, and shows a subdivision into four segments, which are separated by the 
roots of the hypoglossal nerve. The mesoderm then extends over the brain- 


Fie. 118.—Diagrams of the cartilaginous cranium. (Wiedersheim.) 
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vesicles, and thus the entire brain is enclosed by a mesodermal investment, which 
is termed the membranous primordial cranium. From this are develgped the 
bones of the skull and the membranes of the brain, together with the muscles, 
blood-vessels, true skin, and subcutaneous tissues of the scalp. In the shark 
and dog-fish this membranous cranium undergoes complete chondrification, and 
forms the cartilaginous skull or chondro-cranium of these animals. In mammals, 
on the other hand, the process of chondrification is limited to the base of the 
skull—the roof and sides being covered in by membrane. Thus, the bones of the 
base of the skull are preceded by cartilage, those of the roof and sides by 
membrane. The posterior part of the base of the skull is developed around the 
notochord, and exhibits a segmented condition analogous to that of the vertebral 
column, while the anterior part arises in front of the notochord. The base of the 
skull may therefore be divided into (a) chordal or vertebral, and (b) prechordal or 
prevertebral portions. 

In the lower vertebrates two pairs of cartilages are developed: viz. a pair 
of parachordal cartilages, one on either side of the notochord; and a pair of 
prechordal cartilages, the trabecule cranii, in front of the notochord. The 
parachordal cartilages (fig. 118) unite to form a cartilaginous plate. from which 
the basi-occiput and basi-sphenoid are developed. On the lateral aspect of the 
parachordal cartilages the otic or auditory vesicles are situated, and the mesoderm 


* The Human Sternum, by Professor A. Melville Paterson, 1904. 
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enclosing them is soon converted into cartilage, forming the cartilaginous ear- 
capsules. These cartilaginous éar-capsules, which are of an oval shape, fuse 
with the lateral aspects of the basilar plate, and from them arise the petro-mastoid 
portions of the temporal bones. The trabecule cranii (fig. 118) are two curved 
bars of cartilage which embrace the region of the future pituitary fossa; their 
posterior ends soon unite with the basilar plate, while their anterior ends join to 
form the ethmoidal plate, which extends forwards between the fore-brain and the 
olfactory pits. Later, the trabecule extend across and fuse below the pituitary 
body, forming the floor of the pituitary fossa, and so cutting off the anterior lobe of 
the latter from the mouth cavity., The mesial part of the ethmoidal plate forms 
the bony and cartilaginous parts of the nasal septum, while its lateral prolongations 
form the roof and upper part of the outer wall of the nose. From the posterior 
‘parts of the trabeculz cranii the sphenoid bone and its external pterygoid plates 
are developed. Thus, it will be seen that the bones which form the base of the 
skull are preceded by the cartilaginous chondro-cranium. Those of the vault, on 
the other hand, are of membranous formation, and are termed dermal or covering 


Fre. 119.—Profile view of the head of a human embryo, estimated as twenty-seven 
days old. (After His.) 
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bones. They are partly developed from the mesoderm which lies superficial to 
the primordial cranium, and partly from that which lies outside the entoderm of 
the fore-gut. They comprise the upper part of the tabular portion of the occipital 
(interparietal), the squamous-temporals and tympanic rings, the parietals, the 
frontal, the vomer, the internal pterygoid plates, and the bones of the face. Some 
of them remain distinct throughout life (e.g. parietal and frontal), while others join 
with the bones of the chondro-cranium (e.g. interparietal, squamous-temporals, 
and internal pterygoid plates). . 
Recent observations have shown ‘that, in mammals, the basi-cranial cartilage, 
both in the chordal and prechordal regions of the base of the skull, is developed 
as a single plate, which extends from behind forwards. In man, however, its 
posterior part shows an indication of its being developed from two chondri- 
fying centres which fuse rapidly in front and below. The relation of this 
cartilaginous plate to the notochord differs in different animals. In the rat embryo 
it lies beneath the notochord (Robinson); in the sheep, pig, calf, and ferret, the 
cranial part of the notochord is enclosed within it; in man, the anterior and 


posterior thirds of the cartilage surround the notochord, but its middle third lies 
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on the dorsal aspect of the latter, which in this region is placed between the 
cartilage and the wall of the pharynx. l i 
Development of the limbs.—The limbs begin to make their appearance in the 
third week as small elevations or buds at the side of the trunk, Prolongations 
from several protovertebral somites extend into each bud, and carry with them 


Fig. 120.—Under surface of the head of a human embryo about twenty-nine days old. 
(After His.) 
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the anterior or ventral divisions of the corresponding spinal nerves. By the 
sixth week the three chief divisions of the limb are marked off by furrows— 
the upper into arm, forearm, and hand; the lower into thigh, leg, and foot. 
The limbs are at first directed backwards nearly parallel to the long axis of the 
trunk, and each presents two surfaces and two borders. Of the surfaces, one— 
the future flexor surface of the limb—is directed ventrally; the other, the 


Fra. 121.—Under surface of the head of a human embryo about thirty days old. 
(After His.) 
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cxtensor surface, dorsally ; while one border, the pre-axial, looks torward towards 
the cephalic end of the embryo, and the other, the post-axial, backwards towards 
the caudalend. The external condyle of the humerus, the radius and the thumb lie 
along the pre-axial border in the case of the upper limb ; and the internal condyle 
of the femur, the tibia and the great toe along the corresponding border of the lower 
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limb. The pre-axial part is derived from the anterior somites, the post-axial from 
the posterior somites of the limb bud : and this explains, to a large extent, the inner- 
vation of the adult limb, the nerves of the more anterior somites being distributed 
along the pre-axial (radial or tibial), and those of the more posterior segments 
along the post-axial (ulnar or fibular) border of the limb. The limbs next undergo 


Fre. 122.—The head and neck of a human embryo thirty-two days old, seen from the 
ventral surface. The floor of the mouth and pharynx have been removed. (His.) 
(From Marshall’s ‘ Vertebrate Embryology.’) 
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a rotation or torsion through an angle of go° around their long axes. This 
rotation takes place in an opposite direction in the fore as compared with the 
hind limb, being outwards and forwards in the former, and inwards and backwards 
in the latter. In this manner the pre-axial (radial) border of the fore-limb is 
directed outwards, while the pre-axial (tibial) border of the hind-limb is directed 


Fre. 123.—The roof of the mouth of a human embryo about two and a half months old, 
showing the mode of formation of the palate. (His.) (From Marshall’s ‘ Vertebrate 
Embryology.’) 
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inwards; and thus the flexor surface of the fore-limb is turned forwards, and that 
of the hind-limb backwards. i : 
Development of the pharynx.—The pharynx is developed from the anterior 
part of the fore-gut, in the lateral walls of which a series of furrows or incomplete 
clefts appear (figs. 122 and 160). These are named the visceral clefts, and take 
origin as paired grooves or pouches from the side of the fore-gut; over each 
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groove a corresponding indentation of the ectoderm occurs, so that the latter 
comes into contact with the entodermal lining of the fore-gut, and the two layers 
unite to form thin septa along the bottom of the grooves between the fore-gut and 
the exterior. In gill-bearing animals these septa disappear, and the grooves 
become complete clefts—the gill-clefts—opening from 
Fig. 124.—Head of ahuman the pharynx on to the exterior ; perforation, how- 
embryo of about eight ever, does not occur in birds and mammals. By 
weeks, in which the nose the thickening of the mesoderm in front of and 
and mouth are formed. behind each cleft, a series of rounded bars or arches, 
(His.} the visceral arches, is formed. The dorsal ends of 
-_s these arches are attached to the sides of the head, 
while their ventral extremities ultimately meet in 
the middle line of the neck. Six arches in all make 
their appearance, of which the first four are visible 
externally, while the last two are never elevated 
above the surface. In each arch there is developed 
a cartilaginous bar, which gives to it firmness and 
stability ; and in each there is also found one of the 
primitive aortic arches. , The first arch is named 
the mandibular ; the second, the hyoid ; the third, 
the thyro-hyoid (fig. 122); while the others have no 
distinctive names. 

The mandibular arch lies between the first 
visceral cleft and the stomatodceum, and is developed 
into the lower lip and mandible. Its cartilaginous 
bar is known as Meckel’s cartilage (fig. 125). The 
upper and lower ends of this cartilage are ossified : 
the upper to form the malleus, and probably the 
incus ; * the lower to form the part of the mandible 
adjacent to the symphysis menti. The intervening part of the cartilage disappears, 
but the membrane surrounding its lower part becomes ossified to form a large 
part of the jaw, while the upper part of its enveloping membrane is represented 





Fic. 125.—Head and neck of a human embryo eighteen weeks old, with Meckel’s 
cartilage and hyoid bar exposed. (After Kölliker.) 
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by the internal lateral or spheno-mandibular ligament. The second or hyoid 
arch assists in forming the side and front of the neck. From its cartilage are 
developed the styloid process, stylo-hyoid ligament, and lesser cornu of the hyoid 


* Some regard the incus as arising from the proximal end of the hyoid bar, while Gadow 
(P hat. Trans. vol. elxxix.) inclines to the view that the malleus, incus, and stapes 
arise from a cartilaginous plate, the hyo-mandibula, which binds the proximal ends of the 
mandibular and hyoid bars together. 
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bone. The cartilage of the third or thyro-hyoid arch gives origin to the great 
cornu of the hyoid bone. The lower ends of the second and third arches unite 
with those of the opposite side, and form a transverse band between the furculs, 
behind and the tubereculum impar in front (fig. 126). This band soon becomes 
V-shaped, its two limbs extend- 

ing forward, one on either side Fig. 126.—The floor of the pharynx of a human 
of the tuberculum impar ; from embryo about fifteen days old. x50. (From His.) 
it are developed the body of the 
hyoid bone, and the posterior 
third of the tongue. The lower ad By K a, 
portions of the cartilages of the Tuberculum U ofS aso 9 fro--- Hyoid arch 
fourth and fifth arches unite to impar "“& Bo OS A 
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behind them, with the result Rr ae 

that the latter become, to a cer- | fe Wa 


tain extent, telescoped within 
the former, and a deep depres- 
sion, the sinus precervicalis, 
(fig. 122) is formed on the side of the neck. This sinus is bounded in front by the 
hyoid arch, and ultimately becomes obliterated by the fusion.of its anterior and 
posterior walls. The outer part of the first cleft becomes the external auditory 
meatus, while the inner part of the same cleft forms the Eustachian tube and 
tympanic cavity. The septum between the outer and inner parts of this cleit 
becomes invaded by mesoderm, and forms the membrana tympani. No traces of 
the outer parts of the second, third, and fourth clefts persist. The inner part of 
the second cleft is subdivided into an upper and a lower portion by the palate. 
The former persists as the fossa of Rosenmiiller, or lateral recess of the naso- 
pharynx ; in the latter the tonsil is developed, above which a trace of the cleit 
persists as the supratonsillar fossa. From the pharyngeal aspect of the third 
cleft the thymus gland arises as an entodermal diverticulum on each side, and 
from the corresponding part of the fourth cleft similar diverticula give origin to 
the lateral parts of the thyroid body. _ 
Development of the tongue (figs. 126 to 128).—The tongue is developed 
in the floor of the pharynx. The rudiment of the anterior or buccal portion 


Fic. 127.—The floor of the pharynx of a human embryo about twenty-three days old. 
x 30. (From His.) 
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| third week as a rounded elevation, immediately behind the 
ES cas ‘of T mandibular arches. This elevation is named the tuberculum 
impar (figs. 126 and 127); it extends forwards on the oral surface of the 
mandibular arch, and increases markedly in size by the development of à wr 
of lateral tongue-elevations, which raise themselves from the inner surface O 
the maxillary arch, and, blending with the tuberculum impar, form the op 
and greater portion of the buccal part of the tongue. These lateral growths 


a EMBRYOLOGY 


correspond with similar structures which were described by E. Kallius in the 
development of the tongue of the lizard. (Consult article by E. Géppert in 
Hertwig’s ‘Entwickelungslehre.’) From the ventral ends of the fourth arch there 
arises a second and larger elevation, in the centre of which is a median groove 
or furrow. This second elevation is named the furcula (fig. 126), and at first 
is merely separated from the tuberculum impar by a depression. Soon, however, 
they become separated by a ridge formed by the forward growth and fusion of 
the ventral ends of the second and third arches. The posterior or pharyngeal 
part of the tongue is developed from this ridge, which extends forwards in the 
form of a V, so as to embrace between its two limbs the tuberculum impar 
(figs. 127 and 128). At the apex of the V a pit-like invagination occurs, to form 
the middle thyroid rudiment, and this depression persists in the adult as the 
foramen cecum of the tongue. The union of the anterior and posterior parts of 
the tongue is marked by a V-shaped depression (sulcus terminalis), the apex of 
which is at the foramen cæcum, while the two limbs run outwards and forwards, 
parallel to, but a little behind, the circumvallate papilla. The prominent 
anterior part of the furcula forms the epiglottis ; the furrow behind it is the 
entrance to the larynx; and the anterior parts of its lateral margins constitute 
the aryteno-epiglottidean folds. 

Development of the mouth—The mouth is developed partly from the 
stomatodceum, and partly from the floor of the anterior portion of the fore-gut. 
By the growth of the head end of the embryo, and the formation of the cephalic 
flexure, the pericardial area and the oral plate or bucco-pharyngeal area are 


Fie. 128.—Floor of mouth of an embryo slightly older than that shown in fig. 127. 
x16. (From His.) 
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of tongue 
carried to the ventral surface of the embryo. With the further expansion of the 
brain, and the bulging forwards of the pericardium, the oral plate comes to occupy 
a depression between these two prominences. This depression constitutes the 
stomatodaum (fig. 120). It is lined by ectoderm, and is separated from the 
anterior end of the fore-gut by the oral Dis, which is now named the pharyngeal 
septum (fig. 167). This septum is devoid of mesoderm, being formed by the 
apposition of the stomatodœal ectoderm with the fore-gut entoderm ; at the end 
of a fortnight it disappears, and thus a communication is established between the 
mouth and the future pharynx. No trace of the pharyngeal septum is found 
in the adult; and the communication just mentioned must not be confused with 
the isthmus faucium, since His has shown that the anterior pillars of the fauces 
are developed from the second visceral arches. 

The visceral arches extend forwards between the stomatodcum and the 
pericardium ; and with the completion of the mandibular arch and the formation 
of the maxillary processes, the mouth assumes the appearance of a pentagonal 
orifice, which is bounded in front by the fronto-nasal process which covers the 
fore-brain and contains the anterior part of the coalesced trabecule cranii, behind 
2A the mandibular arch, and laterally by the maxillary processes (fig. 120). 

ith the inward growth and fusion of the palatal processes, the upper portion 
of the stomatodceum is shut off to form the nasal cavities, while from its lower 
or buccal portion the roof and anterior part of the mouth, together with the teeth 
are developed. 

The salivary glands arise as diverticula from the epithelial lining of the mouth, 
and their rudiments appear in the following order, viz.: the parotid during the 
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fourth week, the submaxillary in the sixth week, and the sublingual during the 
ninth week (Hammar). i 
The tonsils are developed from the lower part of the second visceral cleft, 
immediately behind the anterior pillars of the fauces. The entoderm which lines 
this shallow pouch grows in the form of a number of solid buds into the surround- 
ing mesoderm. These buds become hollowed out by the degeneration and cast- 
ing off of their central cells, and by this means the tonsillar crypts are formed. 
agp cells accumulate around the crypts, and become grouped to form the 
lymphoid follicles; the latter, however, are not well defined until after birth. 
The thymus gland 
first appears in the form Fre. 129.—Vertical section of the head in early embryos of 


of two flask - shaped the rabbit. Magnified. (From Mihalkovics.) 
entodermal diverticula, A 
which arise, one on iin 
either side, from the ANNULAR 
third visceral cleft, ss Q 
Each diverticulum ex- 
tends outwards and 
backwards into the 
surrounding mesoderm, 
and, although its open- 
ing into the pharynx 
is soon na, te 
neck of the flask per- 
sists for some’ time as 
a cellular cord. By 
further proliferation of 
the cells which line the 
flask, buds of cells are 
formed, which become 
surrounded and isolated 
by the invading meso- 
derm. In the latter, 
numerous lymphoid 
cells make their appear- 
ance, and are aggregated 
to form lymphoid fol- 
licles. These lymphoid 
cells are probably deri- 
vates of the entodermal 
cells which lined the 
original diverticulum 
and its subdivisions. 
The = a body 
is developed from a me ; 
median me two lateral E =n Ri Vertical ation of the anterior end ot the notochord 
diverticula. The median mid pituitary body, če, from an embryo sixteen, millimetres long. Tna the 
diverticulum appears pearing, and the stomatodceum now communicates with the primitive pharynx. 
c. Fore-brain. mc. Mid-brain. mo, Hind-brain. m. Wall of brain cavity. 
about the fourth week, if. Infundibulum. am. Amnion. sp.e,Spheno-ethmoidal ; bc, Central ; and sp.o, 
immedistely behind the Sposa moana aay Snel an 
upereu 1 ch, Notochord. ph. Pharynx. 
the tongue, between the 
Ahdi balar and hyoid arches. It grows downwards and backwards as a tubular 
duct, which bifurcates and subsequently subdivides to form a series of cellular 
cords. The lateral diverticula arise from the inner aspect of the fourth visceral 
cleft, and fuse with the median portion. The connection of the lateral diverticula 
with the pharynx disappears early. That of the median rudiment is termed the 
thyro-glossal duct; its continuity is subsequently interrupted by the development 
of the body of the hyoid bone, above which it is represented by ‘the foramen 
cecum of the tongue, and below by the pyramidal lobe of the thyroid body. _ 
The pituitary body, or hypophysis cerebri.—This consists of a large anterior, 
and a small posterior, lobe: the former is derived from the ectoderm of the 
stomatodceum, the latter from the floor of the fore-brain. About the fourth 
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week there appears a pouch-like diverticulum of the ectodermal lining of the roof 
of the stomatodœum. This, the pituitary involution or pouch of Rathke (fig. 129) 
is the rudiment of the anterior lobe of the pituitary body, and extends u A i 
front of the cephalic end of the notochord and the remnant of the pA i 
septum, and comes into contact with the under surface of the _—” ft is 
then constricted off to form a closed vesicle, but remains for a time connect dt 
the ectoderm of the stomatodceum by a solid cord of cells The vesicle s son t 
hollow processes into the surrounding mesoderm, and is gradually A = 
ye of (=. aa tubules lined with columnar or cubical cells. The 
pworty cted pituitary involution becomes applied to the antero-lateral 
aspect of a downwardly directed diverticulum from the base of the fore-brai 
This diverticulum constitutes the future infundibulum in the floor of th . third 
ventricle, while its lower extremity becomes modified to form the arent l ” 
of the pituitary body. In some of the lower animals this lobe a eee, 
cells and nerve-fibres, but in man and the higher vertebrates these inia AA 
Py oe ang i one (cranio-pharyngeal canal) is pp A 9 
extending from the pituitary fossa to th | 
T original FE ee i A in a te under surface of the skull, and marks 
evelopment of the nose and face (figs. ` B- e 
formed from the stomatodceum, while = Sia: > Pace d , as 
lateral boundaries. Two areas of thickened ectoderm, the ales a ~ a , 
immediately under the fore-brain in the anterior wall of the st “ eid <4 
on either side of the fronto-nasal process. By the upgrowth room Acon, ae 
mesoderm and ectoderm these areas are converted ae ite, th - | pou 
(fig. 119), which divide the fronto-nasal process into a Lach : de al 
nasal processes (fig. 120). The rounded lateral angles of the m ‘al = i 
e i ae tee? processes of His (figs. 121, 122). The re ee Fam 
e rudiments of the nasal cavities, and extend ‘backwards bet 
and lateral nasal processes intc 8 between the mesial 
a ee ho clea a oe hal be the eaten From their ecto- 
fife elobul ia part of the olfactory bulb are derived. 
ee a ec ao pro ec a as plates, termed the nasal 
pe te are at first some istance apart, but, gradual h- 
ing, they ultimately fuse, and f ae- aiy approach 
selves meet in the midio ine aii rr Sil ~~ = E 
"RE ig (fig. 123). p æ and central part of the 
'he depressed part o à 
Baer Ae eere o L 
a prominent angle, which becomes the future point and still hi ove this is seen 
ioe "auge bridge, of the nose (fig. 124). The ee cml on ne 
æ of the nose. Continuous with A 
growing forwards from its cephalic o the maar S 
process—the ventral extremity of which is oe p! i e maxillary 
a >-shaped notch (fig. 120). The maxillar i rocess ms f e A 
ee ka and floor of the orbit, and na Vi aj in an - 
ich, however, it is separ j ess, from 
which extends from the "= one i 4 o ie n m 
maxillary processes ultimately fuse with the neal a d eme a al 
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from a non-union of the palatal processes, and that of hare-lip through a 
non-union of the maxillary and globular processes. The nasal cavity becomes 
divided into the two nasal fosse by a vertical septum, which extends down- 
wards and backwards from the fronto-nasal process and nasal lamine, and 
which unites below.with the palatal processes. Into this a plate of cartilage 
extends from the under aspect of the ethmoid plate of the chondro-cranium. The 
anterior part of this persists as the septal cartilage of the nose, but the posterior 
and upper parts are replaced by the vomer and mesethmoid. On each side of 
the nasal septum, at its lower and anterior part, the ectoderm is invaginated 
to form a blind pouch or diverticulum, which extends backwards and upwards 
into the nasal septum. This forms the rudiment of Jacobson’s organ, which 
opens below, close to the junction of the premaxillary and maxillary bones. 


DEVELOPMENT OF THE NERVOUS SYSTEM 


The entire nervous system is of ectodermal origin, and its first rudiment is 
seen in the medullary or neural groove which extends along the dorsal aspect of 
the embryo (fig. 100). By the elevation and ultimate fusion of the medullary 
ridges, the groove is converted into the neural tube (fig. 104). Along the line 


Fic. 130.—Transverse section of the spinal cord of a human embryo at the beginning of 
the fourth week. (After His.) The left edge of the figure corresponds to the lining of 
the central canal. 
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of fusion of the medullary ridges a flattened crest of ectodermal cells---the 
neural crest or ganglion ridge—attaches, for a time, the neural tube to the over- 
lying ectoderm (fig. 138). This crest is, however, soon cut off from the ectoderin, 
and, adhering to the neural tube, forms the rudiment of the ganglia of the cranial 
and spinal nerves and sympathetic system. The anterior end of the neural tube 
becomes expanded to form the three primary brain-vesicles which are subse- 
quently modified to form the ventricular cavities of the brain (except the fifth) ; 
the remainder of the tube forms the central canal of the spinal cord (fig. 103). 
From its surrounding wall the nervous elements and the neuroglia of the brain 
and spinal cord are developed. It will be convenient to study (1) the develop- 
ment of the spinal cord, (2) that of the brain. 
Development of the Spinal Cord.—At first the wall of the neural tube is 
composed of a single layer of columnar ectodermal cells. Soon the lateral parts 
of the wall become thickened, while the dorsal and ventral parts remain thin, and 
are named the roof and floor plates, or the dorsal and ventral lamina (figs. 131 and 
132). A transverse section of the tube at this stage presents an oval outline, 
while its lumen has the appearance of a slit. The cells which constitute the 
wall of the tube are differentiated into two sets: viz. (a) spongioblasts or young 
neuroglia cells, and (b) germinal cells, which are the parents of the neuroblasts or 
young nerve-cells (fig. 130). The spongioblasts are elongated and columnar, and 
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extend from the lumen of the tube to its peana wall—their inner and outer 
ends being modified to form the inner and outer limiting membranes of the cord. 
The parts of the spongioblasts abutting against the central canal retain their 
columnar character, and ultimately form the layer of ciliated columnar epithelium 
which lines this canal. Their outer parts, on the other hand, undergo ramifica- 
tion and form a sponge-like network, termed the. myelospongiwm, from which the 
neuroglia or sustentacular tissue of the cord is developed. The branching of the 
spongioblasts is most marked near the periphery of the cord, and this outer part, 
in consequence, assumes the appearance of a fine reticulum. 

The germinal cells are large, round or oval, and first make their appearance 
between the inner ends of the neuroglia cells on the lateral aspects of the central 
canal. They increase rapidly in number, so that by the fourth week they form 
an almost continuous layer on each side of the tube. No germinal cells are 
found in the roof or floor plates; the roof-plate retains, in certain regions of the 
brain, its epithelial character ; elsewhere, its cells become spongioblasts. The 
nuclei of many of the germinal cells exhibit mitotic changes, indicating that the 
cells are undergoing rapid subdivision. By such subdivision they give rise to 
the neuroblasts or young nerve-cells. The neuroblasts migrate outwards from 


Fig. 131.—Section of spinal cord of a four weeks’ embryo. (His.) 
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the sides of the central canal, and at the same time they become pear-shaped ; 
the tapering part of the cell undergoes still further elongation, and forms the 
axis-cylinder or axon of the cell. 

A transverse section of the cord exhibits three layers, viz.: (1) a marginal 
layer or marginal veil, consisting of a fine neuroglia network, in which the future 
white matter of the cord is developed. (2) An intermediate layer, the representa- 
tive of the future grey matter of the cord. This is crowded with neuroblasts, and 
18 Sometimes termed the mantle layer. (3) An internal or ependymal layer, next the 
central canal, in which the germinal cells were first seen, but which, after their 
subdivision and “migration, becomes the epithelium of the central canal. The 
lateral walls of the slit-like canal increase in thickness, and the canal itself widens 
out near its dorsal extremity, and assumes a somewhat lozenge-shaped appear- 
ance. The widest part of the canal serves to subdivide the lateral wall EF the 
neural tube into a dorsal or alar, and a ventral or basal lamina (fig. 132), a sub- 
division which extends forwards into the brain. 

The ventral part of the mantle layer becomes thickened, and on cross-section 
appears as a triangular patch between the marginal and ependymal layers. This 
thickening is the rudiment of the anterior horn of grey matter, and contains many 
neuroblasts, the axis-cylinders of which pass out through the marginal layer and 
form the anterior root of the spinal nerve (fig. 131). The thickening of the 
mantle layer gradually extends backwards, and forms the posterior horn of grey 
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matter. The axons of many of the neuroblasts in the alar lamina pass forward, and 
cross in the floor-plate to the.opposite side of the cord; these form the rudiment of 
the anterior white commissure of the cord. The cells of the neural crest having 
lost their original connection with the overlying ectoderm, become differentiated 
into a series of oval masses which constitute the rudiments of the spinal ganglia 
and, except in the region of the tail, are equal in number to the protovertebral 
somites. They are arranged symmetrically on the two sides of the cord, and 
consist at first of round or oval cells.. These cells, however, soon become bipolar 
or spindle-shaped, and are drawn out into central and peripheral processes. The 
former grow backwards and inwards, and, becoming connected with the spinal 
cord, constitute the posterior or dorsal roots of the spinal nerves; while the latter 
grow outwards, and, joining the fibres of the anterior nerve-root, form, together 
with them, the spinal nerve. In the spinal cord of a six weeks’ embryo the 
central processes form a well-defined oval bundle in the marginal layer of the alar 
lamina (fig. 131); but with the subsequent development of the posterior horn 
of grey matter, this bundle is displaced inwards, and forms the rudiment of the 
posterior white column of the cord. The two processes of the ganglion cell 
become gradually more and more approximated, and ultimately arise from a single 
stem ina T-shaped manner ; the original bipolar condition of the cells is, however, 
retained in the ganglia of the auditory nerve. The central processes of the 
ganglion cells are generally re- 

garded as axons, while the peri- Fic. 1 32.—Section of the medulla in the cervical 
pheral are by many classed as region, at six weeks. Magnified 50 diameters. 
dendrites. The anterior and lateral 
white columns consist at first of 
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of the walls of the posterior part of the central canal. Robinson * traverses 
this view, and points out that the so-called posterior fissure is occupied by a 
fibrillated tissue, which is probably of a spongioblastic origin, since its fibrils can 
be traced directly into the posterior grey commissure. 

Up to the fourth month of foetal life the spinal cord occupies the entire length 
of the spinal canal, and the spinal nerves pass outwards at right angles to the 
cord. From this time onwards, the spinal column grows more rapidly than the 
cord, and the latter, being fixed above through its continuity with the brain, 
gradually assumes a higher position within the canal. By the sixth month its 
lower end reaches only as far as the upper end of the sacral canal ; at birth it is 
on a level with the third lumbar vertebra, and in the adult it terminates at the 
lower border of the first or upper border of the second lumbar segment. A deli- 
cate filament, the filum terminale, extends from its lower end as far as the coccyx. 

The ganglia of the sympathetic system are generally regarded as being 
developed as off-shoots from the ganglia on the roots of the cranial and spinal 
nerves. 

Development of the brain.—The brain is developed from the anterior end of 
the neural tube, which at an early period becomes expanded into three vesicles, 
the primary cerebral vesicles (figs. 103 and 133). These are marked off from each 
other by intervening constrictions, and are named the fore-braw or prosencephalon, 
the mid-brain or mesencephalon, and the hind-brain or rhombencephalon—the last 
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being continuous with the spinal cord. Soon after the appearance of these 
vesicles the embryonic brain becomes bent upon itself in a somewhat zigzag 
fashion. This results from the unequal growth of its different parts, and gives 
rise to three flexures. The first of these to appear is seen in the region of the 
mid-brain, and is named the primary cephalic or mid-brain flexure (fig. 133, A, 
above the letters Pm). By means of it, the fore-brain is bent in a ventral direction 
around the anterior end of the notochord and fore-gut, with the result that the 
tloor of the fore-brain comes to lie almost parallel with that of the hind-brain 
(fig. 133, c). This flexure causes the mid-brain to become, for a time, the most 
prominent part of the brain, since its dorsal surface corresponds with the convexity 
of the curve. ‘The second bend to appear is at the junction of the hind-brain and 
spinal cord. This is termed the cervical or nuchal flexure (fig. 133, B, NK), and 
increases from the third to the end of the fifth week, when the hind-brain forms 
nearly a right angle with the spinal cord. These two flexures affect the whole 
head, but the cervical bend is diminished when the erection of the head takes 
place-—-a process which commences after the fifth week. The third. bend is 
named the Varolian or pontine flexure (ig. 133, à and B, Br), because it is found 
in the region of the future pons Varolii. It differs from the other two as follows: 
(a) its convexity is forwards, and (6) it does not affect the head. The lateral 
walls of the brain-tube, like those of the spinal cord, are divided by an internal 
furrow into alar or dorsal and basal or ventral lamine. 

The hind-brain or rhombencephalon.—The cavity of the hind-brain becomes the 
fourth ventricle. If measured at the time when the primary cephalic flexure makes 
its appearance, the length of the hind-brain will be found to exceed the combined 
Jength of the other two vesicles. Immediately behind the mid-brain it exhibits 
a marked constriction, which is named the isthmus rhombencephali (fig. 133, J), 
and is best seen when the brain is viewed from the dorsal aspect. Itis customary 
to divide the hind-brain into two parts: viz. an upper, called the metencephalon, 
and a lower, the myelencephalon. The cerebellum is developed by a thickening 
of the roof, the pons by a similar change in the floor and lateral walls of the 
metencephalon. The floor and lateral walls of the myelencephalon are thickened 
to form the medulla oblongata, while its roof, on the other hand, remains thin, and, 
retaining to a great extent its epithelial nature, is expanded in a lateral direction ; 
moreover, by the growth and backward extension of the cerebellum, it is folded 
inwards towards the cavity of the fourth ventricle. It assists in forming the 
dorsal wall of this cavity, and is also invaginated as the epithelial covering of 
its choroid plexuses. From its upper part is developed the inferior medullary 
velum ; below, it is continuous with the obex and ligule. 

The development of the medulla oblongata resembles that of the spinal cord, 
but at the same time exhibits one or two interesting modifications. On trans- 
verse section the myelencephalon at this stage is seen to consist of two lateral 
walls, connected across the middle line by floor and roof plates, as in the cord 
(figs. 136 and 137). Each lateral wall consists of an alar and a basal lamina, 
separated by an internal furrow, the remains of which are represented in the adult 
brain by the foveæ on the floor of the fourth ventricle. The contained cavity is 
more or less triamgular in outline, its base being formed by the roof-plate, which 
is thin and greatly expanded transversely. Neuroblasts are developed in the 
alar and basal lamine; they become pear-shaped, and their narrow stalks are 
elongated to form the axis-cylinders of the nerve-fibres. Opposite the furrow or 
boundary between the alar and basal laminæ a bundle of nerve-fibres attaches 
ie to the outer surface of the alar lamina. This is named the tractus soli- 

arius (fig. 137), and is formed by the sensory fibres of the glosso-pharyngeal and 
vagus nerves. It is the homologue of the oval bundie seen in the cord, and, like 
oc $ A by an ingrowth of fibres from the ganglia of the neural crest. 
i arst 16 1s applied to the outer surface of the alar lamina, but it soon becomes 
(eal owing to the growth over it of the neighbouring parts. By the fifth week 
e dorsal part of the alar lamina bends in an outward direction along its entire 
Sale to form what is termed the rhombic lip (fig. 137). Within a few days this 
T cage applied to, and unites with, the outer surface of the main part of the 
mina, and so covers in the tractus solitarius and also the spinal root of 

the fifth nerve. 

Neuroblasts accumulate in the mantle layer: those in the basal lamina corre- 
spond with the cells in the anterior horn of i spinal cord, and, like them, give 
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Fic. 133.—Profile views of the brain of human embryos at three several stages, 
reconstructed from sections. (His.) (Copied from Quain’s § Anatomy.’) 
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origin to motor nerve-fibres ; in the medulla they are, however, arranged in 
groups or nuclei, instead of forming a continuous column. From the alar lamina 
and its rhombic lip, neuroblasts migrate into the basal lamina, and become 
aggregated to form the olivary nuclei, while many send their axis-cylinders 
through the floor-plate to the opposite side of the medulla, and thus constitute the 
rudiment of the raphé of the medulla. By means of this thickening of the ventral 
portion of the medulla the motor nuclei are buried deeply from the surface, and, 
in the adult, are found close to the floor of the fourth ventricle. This is still 
further accentuated: (a) by the development of the anterior pyramids, which are 
formed about the fourth month by the downward growth of the motor fibres from 
the cerebral cortex ; and (b) by the fibres which pass to and from the cerebellum. 
The isthmus rhombencephali represents the future valve of Vieussens, or superior 
medullary velum, and the superior peduncles of the cerebellum. 

The pons Varolii is developed from the ventro-lateral wall of the metencephalon 
by a process similar to that which has been described for the medulla. 

The cerebellum is developed in the roof of the anterior part of the hind-brain 
(fig. 135). The alar laminæ become thickened to form two lateral plates, which 
fuse in the middle line. The outer surface of the cerebellum is at first smooth 
and convex, but is soon divided by two fissures into three primary lobes, anterior, 
middle, and posterior. The fissure between the anterior and middle lobes is named 
the fissura prima, and represents the preclival fissure of the adult cerebellum ; 
that separating the middle and posterior lobes is termed the fissura secunda, and 
is the rudiment of the post-pyramidal fissure. The lingula, the central lobe and 
its ale, the culmen monticuli, and anterior crescentic lobes are developed from 
the anterior primary lobe; while the uvula, nodule, and flocculus arise from the 
posterior primary lobe. The remainder of the cerebellum is developed from 
the middle primary lobe, which undergoes great lateral expansion, and forms the 
larger portions of the cerebellar hemispheres. These are subsequently sub- 
divided by the great horizontal fissure, which, although an important feature in 
the adult, is developmentally of secondary interest. The rudiment of the cere- 
bellum at first projects in a dorsal direction; but, by the backward growth of 
the cerebrum, it is folded downwards and somewhat flattened, and the thin roof- 
plate of the fourth ventricle, originally continuous with the posterior border of 
the cerebellum, is projected inwards towards the cavity of the ventricle. 

The mid-brain or mesencephalon.—The mid-brain (fig. 135) exists for a time 
as a thin-walled cavity of some size, and is separated from the isthmus rhomb- 
encephali behind, and from the fore-brain in front, by slight constrictions. Its 
cavity is reduced in diameter, and forms the Sylvian aqueduct of the adult brain. 
Its basal laming become thickened to form the crura cerebri, which are at first of 
small size, but rapidly increase after the fourth month. The neuroblasts of these 
lamine are grouped in relation to the sides and floor of the Sylvian aqueduct, and 
constitute the nuclei of the third and fourth nerves, and of the descending root of 
the fifth nerve. By a similar thickening process its alar laminæ are developed 
into the corpora quadrigemina. The dorsal part of the wall for a time undergoes 
expansion, and presents an internal median furrow and a corresponding external 
ridge; these, however, disappear, and the latter is replaced by a groove. Subse- 
quently two oblique furrows extend inwards and backwards, and the thickened 
lamina is thus subdivided into the quadrigeminal bodies. 

The fore-brain.—At a very early stage of its existence—in some animals, even 
before the fusion of the medullary laminæ—the fore-brain expands on each side 
In the form of a hollow diverticulum ; these diverticula are termed the optic 
vesicles. The central part of the fore-brain grows forwards and upwards between 
these vesicles, while at the same time the outer parts of the vesicles become 
enlarged ; and thus the entire fore-brain exhibits an early subdivision into three 
parts—an intermediate portion, or fore-brain proper, and two lateral portions, the 
optic vesicles (fig. 153). These vesicles may therefore be looked upon as hollow 
appendages of the lower and outer aspect of the fore-brain. With the subsequent 
expansion of the fore-brain and of the outer parts of the optic vesicles, the latter 
communicate with the former by narrow tubular stalks, the optic stalks. The 
optic stalk represents the future optic nerve, while the optic vesicle gives rise to 
the retina and portions of the ciliary body and iris. The fore-brain proper next 
grows in a downward and forward direction; and from the lateral walls of this 
part, the cerebral hemispheres arise as hollow diverticula, which rapidly expand 
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to form two large pouches, one on each side; these diverticula form the rudi- 
ments of the lateral ventricles, and communicate with the cavity of the fore-brain 
proper by relatively wide openings which ultimately form the foramen of Monro 
in the adult brain (fig. 134). | 

This anterior part of the fore-brain, together with the cerebral hemispheres, 
constitutes the telencephalon, while the hinder part of the fore-brain is named the 
thalamencephalon or diencephalon; both of these contribute to the formation of 
the third ventricle. In the middle line between the cerebral hemispheres the 
anterior wall of the brain-vesicle is formed by a thin lamina, the lamina terminalis 
(fig. 134), which reaches from the optic stalks to the foramen of Monro. A 
transverse section of the thalamencephalon at the fifth week shows the same 
parts as the spinal cord and medulla, viz. a pair of lateral walls connected across 
the middle line by floor and roof plates. Moreover, each lateral wall shows a 
division into alar and basal lamine, which are separated internally by a furrow 
which was named by Reichert the sulcus of Monro. The roof-plate is thin and 
longitudinally folded, while the floor-plate is bulged downwards. The alar lamina 
of the thalamencephalon becomes thickened to form the optic thalamus of its own 
side, while from the corresponding part of the telencephalon the cerebral hemi- 
sphere is derived. At first the optic thalami are seen on the outer surface of the 
brain, but are subsequently hidden by the growth over them of the cerebral 


Fie. 134.—Median section of fore-brain of a human embryo of 125 mm. in length. 
(After His.) (From Kollmann’s ‘ Entwickelungsgeschichte.’) 
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hemispheres. The thalami grow inwards, and thus gradually narrow the cavity 
between them into a slit-like aperture which forms the greater part of the third 
ventricle. The mesial surfaces of the optic thalami ultimately adhere, in part, 
to each other across the cavity, and by this means the middle or grey commissure 
takes its rise. From the basal laminz and floor the parts which occupy the 
interpeduncular space in the adult brain are developed, and their early condition 
can be recognised in a mesial section of the fore-brain at the fifth week. On 
examining the floor of such a section (fig. 134) from behind forwards, the following 
structures are seen: (1) an elevation, convex inferiorly, which, by the fourth 
month, is subdivided by a median groove into two tubercles, the corpora mamumil- 
laria ; (2) a slight swelling, the tuber cinereum ; the lower part of this is ultimately 
narrowed into a funnel-shaped diverticulum—the infundibulum—while the most 
dependent part of it is modified to form the posterior lobe of the pituitary body ; 
the anterior lobe of this body has been seen to arise as a diverticulum of the 
ectoderm of the stomatodewum. The anterior wall of the vesicle is formed by 
the lamina terminalis, and at the angle of union of the floor and anterior wall is 
the recessus opticus, leading into the optic stalk (fig. 135) ; this angle corresponds 
with the optic chiasma in the adult brain. Above the lamina terminalis is the 
foramen of Monro, or passage leading into the cavity of the cerebral hemisphere. 
From the optic recess a groove, the sulcus of Monro, already referred to, passes 
backwards on the lateral wall of the thalamencephalon, and indicates its division 
between the alar and basal lamine. A trace of this sulcus is seen in the adult 
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brain in the form of a slight groove extending from the foramen of Monro towards 
ian aqueduct. 

A he roster part of the roof-plate of the thalamencephalon remains thin and 

epithelial, and is subsequently invaginated by the choroid plexuses of the third 

ventricle. The posterior part of the roof, however, is modified to form the pineal 

gland and posterior commissure. l — 

The pineal gland arises about the sixth week as an upward evagination of the 
roof-plate, immediately in front of the mid-brain (fig. 135). This ultimately 
becomes solid, except its proximal part, which persists as the recessus pinealis. 
In lizards the pineal evagination is elongated into a stalk, resembling the optic 
stalk, and its peripheral extremity is expanded into a hollow sac in which a 
rudimentary lens and retina are formed. The stalk becomes solid, and in it nerve- 
fibres can be recognised ; in these animals, therefore, the pineal body forms a 


Fic. 135.—Median section of brain of human foetus during the third month. 
(After His.) 
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rudimentary eye. The posterior commissure first appears as a thickening of the 
dorsal wall of the fore-brain immediately behind the pineal evagination. 

The cerebral hemispheres (figs. 134, 135).—It has been already stated that the 
cerebral hemispheres arise as lateral diverticula of the alar lamina of the anterior 
part of the fore-brain ; these diverticula expand rapidly and soon attain a large 
size. In the fourth week a longitudinal ndge appears on the under surface of 
each hemisphere, close to the lamina terminalis. This ridge is named the olfactory 
area, or rhinencephalon (fig. 134), and corresponding with it, there is an internal 
groove. Subsequently it is divided by a furrow or constriction into an anterior 
and a posterior part; the anterior part grows forwards as a hollow stalk con- 
tinuous with the anterior part of the ventricular cavity. The stalk becomes 
solid, and forms the rudiment of the olfactory peduncle or tract and the trigonum 
olfactorium, while its free extremity is enlarged to form the olfactory bulb; a 
strand of gelatinous substance in the interior of the latter indicates the site of 
the original cavity. The posterior part forms the locus perforatus anticus and 
the peduncles of the corpus callosum (gyrus subcallosus). The. rhinencephalon 
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remains rudimentary in man, but forms a conspicuous part of the brain in 
osmatic animals.* 

The cerebral hemispheres and their olfactory lobes grow forward on either 
side of the lamina terminalis. The hemispheres also expand upwards and back- 
wards, their mesial surfaces being separated from each other by a septum of 
mesodermic tissue continuous with the membranous cranium ; this septum is the 
rudiment of the falx cerebri, and is continuous behind with a similar septum 
which passes between the occipital part of the cerebrum and the cerebellum 
and constitutes the rudimentary tentorium cerebelli. The hemispheres also 
grow backwards and downwards, covering first the thalamencephalon, and next 
the mid-brain, while by the seventh month they have extended so as to overlap 
the upper surface of the cerebellum; this great expansion of the cerebral hemi- 
spheres is characteristic of the brains of mammals, and attains its maximum 
in the brain of man. The floor of the hemisphere is thickened to form the 
corpus striatum. This thickening begins to appear about the second month, 
and extends to the posterior end of the primitive hemisphere; and, as a conse- 
quence, when this part of the hemisphere grows downwards to form the temporal 
lobe, the posterior part of the corpus striatum is carried into the roof of the 
descending horn of the ventricle, where it is seen as the tail of the caudate nucleus 
in the adult brain. Corresponding with this internal thickening, a shallow depres- 
sion makes its appearance on the lateral surface of the hemisphere; this consti- 
tutes the rudiment of the Sylvian fissure, and is named the Sylvian fossa. The 
floor of the fossa represents the future island of Reil, which is gradually sub- 
merged by the growth over it of the surrounding parts of the vesicle; and thus, in 
the adult, the island lies deeply in the bottom of the Sylvian fissure. The parts 
of the cerebral vesicle which grow over it constitute the temporal, fronto-parietal, 
and orbital opercula of the adult brain. The cavity of the hemisphere forms 
the lateral ventricle, and is at first of a hemispherical or semilunar shape; but, 
coincident with the growth of the hemisphere, it becomes extended into three 
prolongations, the anterior, posterior, and descending cornua of the adult cavity, 
the last representing the original posterior extremity of the vesicle. 

The roof-plate which connects the hemispheres above the foramen of Monro 
remains thin, and by the fifth week is invaginated as lateral folds into the 
ventricular cavities. The vascular mesoderm which lies between the hemi- 
spheres extends into these folds, and forms the rudiment of the choroid plexuses ; 
these at the fifth month are of large size, and nearly fill the cavities of the 
ventricles. 

Fissures of the cerebrum.—The surface of the cerebral hemisphere is at first 
smooth, but ultimately becomes indented by depressions or furrows, which 
constitute its fissures or sulci. These were formerly described as being of three 
kinds, viz.: transitory, complete, and partial. 

Certain furrows or infoldings of the thin cerebral wall have been described 
as occurring during the second and third months, and subsequently undergoing, 
with one or two exceptions, complete obliteration. These, from their temporary 
nature, have been named transitory fissures. It has been pointed out, however, 
that if the brain be hardened in situ before post-mortem changes have taken 
place, its surface is found to be destitute of any such furrows, and the balance 
of evidence is in favour of the view that the so-called transitory fissures are 
artificially produced after death. 

A complete fissure is one which indents the whole thickness of the wall of the 
cerebral hemisphere, and which, as a consequence, gives rise to a corresponding 
elevation in the ventricular cavity. To this category belong the hippocampal 
and calcarine and collateral fissures, which were regarded as owing their 
existence to the persistence of certain of the so-called transitory fissures just 
referred to. The Sylvian fissure is sometimes described as a complete fissure, 
but strictly speaking this is not correct; its development has already been 
referred to. 

The incomplete fissures are superficial foldings of the grey matter, and produce 
no corresponding elevations in the interior of the ventricle. . 


* In addition to the parts mentioned, the rhinencephalon includes the septum lucidum, 
fornix, gyrus supracallosus, gyrus dentatus, hippocampus, and uncue, 


I 2 


116 


The Nerves 
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1. The spinal nerves.—Each spinal nerve arises from the spinal cord by a dorsal 
or afferent, and a ventral or efferent root, and, as already stated (pages 108, 109), 
the fibres of the former root are developed as outgrowths of the cells of the spinal 


Rio horn of the cord. The afferent and 


Fic. 136.—Transverse section of medulla oblongata 
of human embryo. x32. (From Kollmann’s 


» Entwickelungsgeschichte.’) 
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anglia, while those of the latter consist of the axons of the neuroblasts of the 


efferent roots join, immediately 

beyond the spinal ganglion, to 
form the spinal nerve, which 
then divides into its anterior 
and posterior primary divisions, 
fibres from both roots being 
carried into each of the two 
divisions. 

2. The cranial nerves.— With 
the exception of the olfactory 
and optic nerves, which will be 
specially considered, the cranial 
nerves are developed ina similar 
manner to the spinal nerves. 
The sensory or afferent nerves 
are derived from the cells of 
the ganglion rudiments of the 


neural crest. The central pro- 
cesses of these cells grow into 
the brain and form the roots of 
the nerves, while the peripheral 
processes extend outwards and 
constitute their fibres of distri- 
bution. It has been seen, in 
considering the development of 
the medulla oblongata (page 110), that the tractus solitarius (fig. 137), derived 
from the fibres which grow inwards from the ganglion rudiments of the glosso- 
pharyngeal and vagus nerves, is the homologue of the oval bundle in the cord 
which had its origin in the posterior nerve-roots. The efferent or motor nerves 
arise as outgrowths of the neuroblasts situated in the basal lamine of the mid- 
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Fic. 137.~Transver'se section of medulla oblongata of human embryo. 
(After His.) i 
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ane hind-brain. While, however, the anterior spinal nerve-roots arise in one 
series trom the basal lamina, the cranial motor nerves are grouped into two sets, 
riveree: as they arise from the mesial or lateral parts of the basal lamina. To 
“ne Zormer set belong the third, fourth, sixth, and twelfth nerves ; to the latter, the 
Spinal accessory arid the motor fibres of the fifth, seventh, ninth, and tenth nerves. 
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The olfactory nerves are outgrowths of neuroblasts which are developed from 
the ectoderm oi the olfactory pit (page 106). These neuroblasts pass out from the 
ectoderm, and form a ganglion which subsequently fuses with the olfactory bulb. 
From the neuroblasts of this ganglion processes grow, centripetally to form the 
nerve-roots, and centrifugally to form the olfactory nerves. 

The development of the optic nerve will be considered with that of the eye. 

Development of the Eye.— The optic nerve and retina are developed as an out- 
growth from the rudimentary brain, which extends towards the side of the head, 


Fic. 138.—Transverse section of a chick embryo of twenty-nine hours’ 
incubation. (From Duval’s ‘ Atlas d’Embryologie.’) 
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and is there met by an ingrowth from the ectoderm, out of which the fibres of 
the crystalline lens and the epithelium of the conjunctiva, cornea, and lachrymal 
gland are developed. 

The first appearance of the eye consists in a hollow, laterally directed pro- 
trusion of the fore-brain ; this is called the optic vesicle (fig. 139). It is at first an 
open cavity communicating by a hollow stalk with that of the cerebral vesicle. 
As it is prolonged outwards, the ectoderm lying immediately over it becomes 
thickened, and then forms a depression which gradually encroaches on the most 
prominent part of the optic vesicle; this in its turn appears to recede before it, 






Invagination of 
ectoderm to form 
lens rudiment 


s0 as to become at first depressed and then inverted in the manner indicated in 
figs. 139 and 140, so that the cavity of the vesicle is almost obliterated by the 
folding back of its anterior half, and the original vesicle converted into a cup, 
the optic cwp, in which the involuted ectodermal layer, the rudiment of the lens, 
is received (fig. 140); at the same time the proximal part of the vesicle becomes 
elongated and narrowed into a hollow stalk, the opti stalk. This cup-shaped 
cavity consists therefore of two layers which are continuous with each other at 
the cup-margin ; the outer is thin, and eventually forms the pigmented layer of 
the retina ; the inner is thick, and is converted into the nervous layers of the 
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retina (fig. 140).* Between the two is the remnant of the cavit of the original 
optic vesicle, which finally becomes obliterated by the union of its two layers. 
he mouth of the optic cup overlaps the equator of the lens as far as the future 
aperture of the pupil. In this region the inner or retinal layer of the cup is not 
differentiated into nervous elements, but remains as a single layer of columnar 
cells, which becomes applied 
Fic, 140.—Transverse section of head of chick embryo to the cells of the pigmented 
of fifty-two hours’ incubation. (From Duval's layer, and the conjoined 
‘Atlas d’Embryologie.’) strata form the pars ciliaris 
and pars iridica retine of the 
adult (fig. 143). As develop- 
ment proceeds the optic cup 
Pigmented layer increases in size, and thus a 
of retina space is formed between it 
and the rudimentary lens, in 
which the vitreous humour 
is developed (figs. 141 and 
143). The folding in of the 
gr E optic vesicle to produce the 
ae Gye Lens optic cup takes place not only 
ah ee a-Nervous layer of opposite the lens, but also 
ey rma Aaa its postero-inferior as- 
ect, where a cleft or fissure is 
ormed, the choroidal fissure, 
through which the mesoderm 
extends to form the vitreous 
humour. This gap or cleft is 
continued for some distance into the stalk of the optic vesicle, and thus allows a 
process of mesoderm, with the arteria centralis retinæ, to extend along the cleft 
(fig. 142). After a time the gap or fissure becomes closed, by a coalescence of 
its margins, and the arteria centralis 
Fie, 141.— Diagrammatic sketch of 9 retinæ assumes its permanent position 
vertical longitudinal section through the in the centre of the optic nerve. 
eyeball of a human fœtus of four weeks. | The lens is at first a thickening of the 
(After Kölliker.) Magnified 100 dia- ectoderm, then a depression or involu- 
meters. The section is a little to the tion takes place, thus forming an open 
mnagnou fo avoid passing through the follicle, the margins of which gradually 
i approach each other and coalesce, form- 
ing a cavity, the lens vesicle, enclosed by 
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** The cells of the inner or retinal layer 
of the optic cup become differentiated into 
spongioblasts and germinal cells, and the 
latter by their subdivision give rise to neuro- 
blasts. As in the spinal cord, the spongio- 
blasts ramify to form a myelospongium, from 
which the sustentacular fibres of Miiller, the 
outer and inner limiting membranes, to- 
gether with the ground-work of the mole- 
cular layers of the retina are formed. The 
neuroblasts become arranged to form the 
c. The ectoderm. 7, The lens. op. Optic stalk with its ganglionic and nuclear layers. Cameron, 

ae its ale! Eei: ge lie the retine. after careful study of the neuroblasts in 
the retina are formed. ps Rudiment of the niin, the retina, spinal cord, and brain, maintains 
humour., that they consist of nuclei only, and that 
— l they possess no cytoplasmic investment; 
p clear protoplasm,” which has been described as surrounding them during mitotic 
vision, being merely the achromatic nuclear substance set free owing to the disap- 
Niranoo of the nuclear membrane. He further maintains that the nuclei of the nuclear 
ayers undergo subsequent multiplication by direct division. The layer of rods and 
ph first developed in the central part of the optic cup, and from there gradually 
aA en k towards the cup-margin. The rods and cones first appear as clear globules, which, 
er beng protruded through the inner limiting membrane, rapidly increase in size— 
& process which would seem to depend on their power of digesting and absorbing the 
Dient from the cells of the pigmented layer. (‘ Development of the Retina in Amphibia,’ 
ournal of Anatomy and Phystology, vol. xxxix., 1905.) 
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ectodermal cells. At the point of involution the external layer of ectoderm 
separates from the lens and passes freely over the surface, so that the lens 
becomes disconnected from the general ectoderm, and recedes into the optic cup, 


Fig. 142.—Optic cup and choroidal fissure seen from below, from a human embryo 
of about four weeks. (Kollmann.) 
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while the cuticular layer covering it is developed into the corneal epithelium. 
The cells forming the posterior or inner wall of the lens vesicle rapidly increase 
in size, becoming elongated and developed into the lens fibres, and, filling up the 


Fie. 143.—Horizontal section through the eye of an eighteen days’ 
embryo rabbit. x30. (Kdlliker.) 
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Iris 
Pars ciliaris and pars iridica retine 
ph convert it into a solid body. The cells on the anterior wall retain their 
a 


cellular character, and form the anterior lens epithelium of the adult. The optic 
cup contains a quantity of mesodermal tissue continuous with the general 


me EMBRYOLOGY 


mesoderm through the choroidal fissure. This tissue becomes converted into the 
vitreous humour, and surrounds the lens with a vascular membrane—the vascular 
capsule of the lens. From the central artery of the retina several branches are 
prolonged forwards through the vitreous body to the capsule of the lens, but by 
the sixth month these have all undergone atrophy except one, which persists till 
the ninth month as the arteria hyalouea. It disappears, however, before birth, 
and its position is indicated in the adult by the canalis hyaloideus of Stilling. 
The front part of the vascular capsule of the crystalline lens forms the membrana 
pupillaris, and also attaches the iris to the capsule of the lens. It disappears 
about the seventh month. . l l 

The optic stalk becomes solid by the union of the margins of the choroidal 
fissure and by the obliteration of the stalk cavity. By far the greater number of 
the optic nerve-fibres arise as the axis-cylinder processes of the nerve-cell§ in the 
retina, and pass along the optic stalk to the brain. Some of the fibres, however, 
are centrifugal, and arise from nerve-cells in the brain. The outer layer of the 
optic cup forms the pigmentary layer of the retina, while its inner layer becomes 
differentiated into (a) spongioblasts, which are the rudiments of the supporting 
tissues of the retina, and (b) neuroblasts, which form its nervous elements (see 

age 118). 
The ites. cornea, and. choroid are developed from the mesoderm surrounding 
the optic vesicle. 

The eyelids are formed as small cutaneous folds (fig. 143), which at the end 
of the third month came together and unite in front of the globe and cornea. 
This union is broken up and the eyelids separate before the end of fcetal life. 

The lachrymal sac‘and nasal duct result from a thickening of the ectoderm in 
the groove between thé lateral nasal and maxillary processes. This thickening 
becomes hollowed out into a channel, and the lips of the groove meet over it, 
enclose it, and convert it into a duct, which eventually opens into the nasal 
fossa. The epithelium of the cornea and conjunctiva, and that which lines the 
ducts and alveoli of the lachrymal gland, are of ectodermal origin, as are also the 
eyelashes and the lining cells of the glands which open on the lid-margins. 

Development of the Ear.—The first rudiment of the ear appears shortly after 
that of the eye, in the form of a thickening of the ectoderm covering the hind- 
brain. The thickening is followed by an involution of the ectoderm to form the 
auditory pit (fig. 144),-which becomes deeper and deeper, and sinking towards the 
base of the skull, forms a flask-shaped cavity. The mouth of the flask is then 
closed, and thus a shut sac is formed, the otic vesicle (fig. 145), which by its 


Fic. 144.—Section through the head of Fic. 145.—Section through hind- 
a human embryo, about twelve days brain and otic vesicle of an em- 
old, in the region of the hind-brain. bryo more advanced than that of 
(Kollmann.) fig. 144. (After His.) 
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sinking inwards comes to be placed between the ali-sphenoid and basi-occipital 
matrices. From it the epithelial lining of the labyrinth is formed. The otic 
vesicle is embedded in a mass of mesoblastic tissue, which rapidly undergoes 
chondrification and ossification to form the bony labyrinth. The vesicle becomes 
pear-shaped ; and the neck of the flask, or recessus labyrinthi, prolonged upwards, 
forms the aqueductus vestibuli. From it are given off certain diverticula, from 
which the various parts of the labyrinth are formed. One from the anterior end 
gradually elongates, and, forming a tube, bends on itself and becomes the cochlea. 
Three ot ers, which appear on the surface of the vesicle, form the semicircular 
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canals, of which the external canal is the last to be developed (figs. 147 and 148). 
Subsequently, a constriction takes place in the original vesicle, which nearly 
divides it into two, and from these are formed the utricle and saccule (fig. 148). 
Finally, the auditory nerve, which has been developed from the ‘neural crest’ 


Fic. 146.—Left auditory ve- Fie. 147.—Left auditory vesicle of a human embryo of 
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in the manner above de- 
scribed (page 116), pierces 


$ . Hedy af! } 
the auditory capsule in ke. Uy 
two main divisions—one w z 
for the vestibule, the other Rudiment of cochlea 


for the cochlea. The middle l 

ear and Eustachian tube are the remains of the inner part of the first branchial 
cleft (hyomandibular), and are closed externally by the membrana tympani, which 
originally consists of a layer of epiblast externally, and a layer of hypoblast 
internally ; between these two layers the mesoblast extends to form the substantia 


Fic. 148.—Transverse section through head of foetal sheep, in the 
region of the labyrinth. x30. (After Boettcher.) 
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propria of the membrane. With regard to the exact mode of development of 
the ossicles of the middle ear there is some difference of opinion. The view 
generally maintained is that the incus and malleus are developed from the 
proximal end of the mandibular (Meckel’s) cartilage (fig. 12 5) 5 that the base of 
the stapes is formed by the ossification of the mesoderm which fills in the foramen 
ovale, while its arch is developed around a small vessel, the stapedial artery, which 
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subsequently undergoes atrophy. As already stated (footnote, page 102), Gadow 
regards all three ossicles as being derived from the hyomandibula. 

The external auditory meatus is formed from the outer part of the hyo- 
mandibular cleft, while li pinna is developed by the gradual differentiation of 
six tubercles which appear around the outer margin of the cleft. Two tubercles 


Fic. 149.—Transverse section of the canal of the cochlea of a foetal cat. : 
(After Boettcher and Ayres.) 
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appear on the posterior edge of the mandibular arch; these represent the 
rudiments of the tragus and crus helicis. Three are found on the hygil arch, 
and indicate, from below upwards, the lobule, antitragus, and antihelix. One 


Fic, 150,—Left ears of human embryos estimated at thirty-five and thirty-eight days 
respectively. (After His.) 
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Development of the Skin, Glands, and Soft Parts——The epidermis and its. 
appendages, consisting of the hairs, nails, sebaceous and sweat glands, are 
eveloped from the ectoderm, while the corium or true skin is of mesodermic 
K being derived from the cutis plates of the protovertebral somites. About 
e fifth week the epidermis consists of two layers of cells, the deeper one corre- 


sponding to the rete mucosum. The subcutaneous fat appears about the fourth 
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month, and the papille of the true skin about the sixth. A considerable 
desquamation of epidermis takes place during foetal life, and this desquamated 
epidermis, mixed with a sebaceous secretion, constitutes the vernix caseosa, with 
which the skin is smeared during the last three months of foetal life. The nails 
are formed at the third month, and begin to project from the epidermis about the 
sixth. The hatrs appear between the third and fourth months in the form of 
solid downgrowths of the deeper layer of the epidermis, which then become 
inverted by agen projections from the corium. About the fifth month, the 
foetal hairs (lanugo) appear, first on the head and then on the other parts ; they 
drop off after birth, and give place to the permanent hairs. The cellular struc- 
tures of the sudoriferous and sebaceous glands are formed from the ectoderm, 
while the connective tissue and blood-vessels are derived from the mesoderm. 
The mammary gland is also formed partly from mesoderm and partly from 
ectoderm—its blood-vessels and connective tissue being derived from the former, 
its cellular elements from the latter. Its first rudiment is seen about the third 
month, in the form of a number of small inward projections of the ectoderm 
which invade the mesoderm ; from these, secondary tracts of cellular elements 
radiate and subsequently give rise to the glandular follicles and ducts. The 
—— of the former, however, remains imperfect, except in the adult 
emale. 

Development of the Muscles.—The voluntary muscles are developed from the 
muscle-plates or myotomes of the protovertebral somites. By the end of the 
third week the cells of the muscle-plates commence to elongate in an antero- 
posterior direction, and, losing their cellular character, are converted into striped 
muscular fibres. By the fusion of the myotomes in an antero-posterior direction, 
the longitudinal muscles of the back are developed; and from extensions of the 
myotomes into the body wall and limb buds, the muscles of these parts arise. 
The involuntary muscles are derived from the splanchnopleure mesoblast, and 
are therefore not connected in any way with the protovertebral somites. 

Development of the Blood-vascular System.—There are three distinct stages 
in the development of the cheney system, each in accordance with the manner 
in which nourishment is provided for at different periods of the existence of the 
individual. In the first stage there is the vitelline circulation, during which 
nutriment is extracted from the vitellus or contents of the yolk-sac. In the 
second stage there is the placental circulation, during which nutrition is obtained 
by means of the placenta from the blood of the mother. In the third stage 
there is the complete circulation of the adult, commencing after birth, during 
which nutrition is provided for by the organs of the individual itself. 

Blood-vessels first make their appearance in the mesodermal wall of the yolk- 
sac, i.e. outside the body of the embryo. Here the mesodermal cells become 
arranged into solid strands or cords which join to form a close-meshed network. 
The peripheral cells of these strands become flattened and joined to each other 
by their edges to form the walls of the primitive blood-vessels, which at this stage 
are simple endothelial tubes. Fluid collects within these tubes, and the more 
centrally situated cells of the cell-cords are thus pushed to the sides of the vessels 
and appear as masses of loosely arranged cells which project towards the 
lumen of the tube. These masses are termed blood islands, and their cells 
acquire colouring matter (hemoglobin), and are then detached to form the blood- 
corpuscles.* The earliest blood-corpuscles are all nucleated: they are also 
capable of subdivision and of executing amoeboid movements, and in these respects 
they resemble white blood-corpuscles. Soon, however, true white blood-corpuscles 
make their appearance, and, according to Beard,t are first derived from the 
rudiments of the thyroid gland. 

Coincident with the development of the blood-vessels in the vascular area, the 
first rudiment of the heart appears within the body of the embryo as a pair of 
tubular vessels which are developed in the splanchnopleure of the pericardial 
area. These are named the primitive aorte, and a direct continuity 1s soon 


* Some observers incline to the view that the blood-corpuscles are of entodermal 
origin, being developed from the endothelium of the vessels, the sequence of the 
development of the different structures being: first the heart, then the blood-vessels, and 
lastly the blood-corpuscles. (Consult Dr. E. Mehnert’s Biomechantk, Jena, 1898.) 

t Anatomischer Anzeiger, December 1900. 
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established between them and the vessels of the vascular area. Hach receives 
anteriorly a vein—the vitelline vein—from the yolk-sac, and is prolonged back- 
wards on the lateral aspect of the notochord under the name of the dorsal aorta. 
The dorsal aorte end at first on the yolk-sac; but with the development of the 
allantois, they are continued backwards through the body-stalk as the umbilical 
arteries to the villi of the chorion. 

By the forward growth and flexure of the head the pericardial area and the 
anterior portions of the primitive aorte are folded backwards on the ventral 
aspect of the fore-gut, and the original position of the somatopleure and splanchno- 
pleure layers of the pericardial area is reversed, the latter being placed on the 
dorsal aspect of the former. Each primitive aorta now consists of a ventral and 
a dorsal part connected anteriorly by an arch. These three parts are named 
respectively the anterior ventral aorta, the dorsal aorta, and the first cephalic 
arch. The vitelline veins which enter the embryo through the anterior wall of 
the umbilical orifice are now continuous with the posterior ends of the anterior 
ventral aorte. With the formation of the tail-fold the posterior parts of the 
primitive aortæ are carried forward in a ventral direction to form the posterior 
ventral aorte and primary caudal arches.* In the pericardial region the two 
primitive vessels grow together and fuse to form a single tubular heart (fig. 151), 
the posterior end of which receives the two vitelline veins, while from its anterior 


Fig. 151.—Diagram toillustratethesimple Fre. 152.—Heart further advanced than in 
tubular condition of the heart. (Drawn fig. 151. (Drawn from LEcker-Ziegler 
from Ecker-Ziegler model.) model.) 
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end there arise the two anterior ventral aorte.+ By the rhythmical contraction 
of the tubular heart the blood is forced through the aortæ and blood-vessels of: 
a pa p eae it 4 returned to the heart by the vitelline veins. 
nstitutes the vitelline circulation (fig. 
is aheorbed from #He vitellae (fig. 110), and by means of it nutriment 
e vitelline veins at first open separately into the posterior end of th 
tubular heart, but after a time ieir Me aa Tom N and the two ele 
pce with the heart through a common orifice. The vitelline veins 
ely drain the blood from the alimentary canal, and are modified to form 
» portal vein. This is caused by the growth of the liver, which interrupts their 
lrect continuity with the heart; and the blood returned by them circulates 
through the liver before reaching the heart. 
ae oe with the atrophy of the yolk-sac the vitelline circulation diminishes 
throu Tr cae oe’ while more and more blood is simultaneously carried 
in e e umbilical arteries to the villi of the chorion. Subsequently, as the 
ar p = e chorionic villi atrophy, their vessels disappear; and then the 
a a arteries convey the whole of their contents to the placenta, whence it 
returned to the heart by the umbilical veins. In this manner the placental 


* Young and Robinson, Journal of Anatom ) i 
i J. y and Physiology, vol. xxxii. 
t In most fishes and in the amphibia the heart originates ae single median tube. 
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circulation is established, and by means of it nutritive materials are absorbed 
from, and waste products given up to, the maternal blood. 

The umbilical veins, like the vitelline, become interrupted by the liver, and 
the blood returned by them passes through this organ before reaching the heart. 
Ultimately the right umbilical vein shrivels up and disappears, as will be 
explained later on. 

During the occurrence of these changes great alterations take place in the 
primitive heart and blood-vessels, and now require description. 

Further Development of the Heart.—The following is an outline of the changes 
which take place during the further development of the heart. 

The simple tubular heart, already described, becomes elongated and bent on 
itself so as to form an S-shaped loop (figs. 151 and 152), the anterior part bend- 
ing to the right and the posterior part to the left. The intermediate portion 


_ Fig. 153.—Head of chick embryo of about thirty-eight hours’ incubation, 
viewed from the ventral surface. x26. (From Duval’s ‘ Atlas d’Embryologie.’) 
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arches transversely from right to left, and then turns sharply forwards into the 
anterior part of the loop. Slight constrictions make their appearance in the tube 
and divide it from behind forwards into four parts, viz.: (1) the sinus venosus 
(sinus rewniens of His); (2) the common auricle; (3) the common ventricle ; 
(4) the aortic bulb (figs. 151 to 153). From the aortic bulb the two ventral 


Fic. 154.—Heart of human embryo of about fifteen days. (Reconstruction by His.) 
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aortæ extend forwards in the floor of the pharynx. The constriction between the 
auricle and ventricle is well marked wt constitutes the auricular canal, while 
that between the ventricle and the aortic bulb is less distinct and is termed the 
fretum Halleri. The former indicates the site of the future auriculo-ventricular 
valves, the latter that of the semilunar valves. 
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The sinus venosus is at first situated in. the septum transversum (a layer of 
mesoderm in which the liver and the central tendon of the Diaphragm are 
developed) behind the common auricle, and is formed by the union of three pairs 
of veins, viz.: (1) the veins or ducts of Cuvier from the body of the embryo; 
(2) the omphalo-mesenteric veins from the yolk-sac ; (3) the umbilical veins from 
the placenta (fig. 156). The sinus is at first placed transversely, and opens by 
a median aperture into the common auricle. Soon, however, it assumes an 
oblique position, and its right half or horn becomes larger than the left, while the 


Fre. 155.—Heart showing expansion of auricles. 
(Drawn from Ecker-Zeigler model.) 
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Opening into the auricle now communicates with the right portion of the auricu- 
lar cavity. The right horn ultimately becomes incorporated with and forms 
a part of the right auricle, the line of union between it and the auricle proper 
being indicated in the interior of the adult auricle by a vertical crest, the crista 
terminalis of His. The left horn, which ultimately receives only the left duct of 
Cuvier, persists as the coronary sinus (fig. 162). The omphalo-mesenteric and 
ambien veins are soon replaced by a single vessel, the inferior vena cava, and 


Fic. 156.—Heart of human embryo, 4'2 mm. long, seen from behind. (His.) 
Aortic bulb 

Left auricle 

Left ventricle 





Duct of Cuvier 


Septum transversum 


Umbilical vein 


Vitelline vein 


the three veins (inferior vena cava and right and left Cuvierian ducts) open into 
the dorsal aspect of the auricle by a common slit-like aperture. The upper part 
of this aperture represents the opening of the permanent superior vena cava, the 
lower that of the inferior vena cava, and the intermediate part the orifice of 
the coronary sinus. The slit-like aperture lies obliquely, and is guarded by two 
valve-like folds of endocardium, the right and left venous valves. The left venous 
valve disappears, while the right is subsequently divided to form the Eustachian 
and Thebesian valves. At the lower extremity of the slit is a triangular 
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thickening, the spina vestibuli of His, which partly closes the aperture between 
the two auricles, and which, according to His, takes a part in the formation of 
both the interauricular and interventricular septa. 

The common auricle and ventricle are each subdivided into two cavities, and 
the aortic bulb is divided into the pulmonary artery and aorta as follows : 

The auricular canal is at first a short straight tube connecting the auricular 
with the ventricular portion of the heart, but it becomes overlapped by the growing 


Fic. 157.—-Diagrams to show the development of the septum of the aortic 
| bulb and of the ventricles. (Born.) 
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auricles and ventricles so that its position on the surface of the heart is only 
indicated by an annular constriction (fig. 155). Its lumen is reduced to a trans- 
verse slit, and two thickenings appear, one on its dorsal and another on its ventral 
wall. These thickenings, or endocardial cushions (fig. 159) as they are termed, 
project into the canal, and, meeting in the middle line, unite to form the septum 
intermedium which divides the canal into two channels, the future right and left 
auriculo-ventricular orifices. 

The common auricular cavity becomes subdivided into right and left auricles 
by a septum, the septum superius, which grows downwards into the auricular 
cavity so that the two auricles communicate with each other only below the 
margin of the septum. This communication (ostium primum of Born) does not, 
however, represent the foramen ovale, for the septum grows downwards and 
blends with that of the auricular canal formed by the fusion of the endocardial 
cushions. The foramen ovale ie secundum of Born) results from a perfora- 
tion of the primary septum. second septum grows downwards from the upper 
wall of the auricle to the right of the primary septum, and forms the annulus 
ovalis. Shortly after birth it fuses with the primary septum, and by this means 
the foramen ovale is closed. Sometimes this fusion is incomplete and the upper 
part of the foramen remains patent. 

The common ventricle becomes divided by a septum, the septum inferius 
(fig. 157), which grows upwards from the lower part of the ventricle, its position 


Fig. 158.—Transverse sections through the aortic bulb to show the growth of the aortic 
septum. The lowest section is on the left, the highest on the right of the figure. 
(After His.) 
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being indicated on the surface of the heart by a furrow. It extends upwards 

almost as far as the auricular canal, but for some time an interventricular foramen 
exists between it and the septum of the auricular canal (septum intermedium). 

The aortic bulb is divided by the aortic septum. This makes its appearance 

at the distal end of the bulb as two ridge-like thickenings of its endothelial 
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ining : increase in size, and, projecting into the lumen, ultimately fuse 
eee A Apn and thus the iio bulb is divided into the pulmonary artery 
and the aorta. The aortic septum takes a spiral course towards the proximal end 
of the bulb, so that the two vessels lie side by side above ; but near the heart the 
pulmonary artery is in front of the aorta (fig. 158). The septum grows down 
into the ventricle as an oblique partition, which ultimately blends with the septum 
inferius of the ventricles in such a way as to bring the right ventricle into com- 
munication with the pulmonary artery, and through the latter with the sixth pair 
of aortic arches; while the left ventricle is brought into continuity with the aorta 
which communicates with the remaining aortic arches. 
The Valves of the Heart.—The auriculo-ventricular valves are developed in 
relation to the auricular canal. By the upward expansion of the bases of the 
ventricles this canal becomes invaginated into the ventricular cavities. This 
invaginated part forms the rudiment of the lateral cusps of the auriculo- 
ventricular valves ; their mesial or septal cusps are developed as downward pro- 
longations of the septum intermedium. The aortic and pulmonary valves are 
formed from four endocardial cushions which appear within the lower end of the 
aortic bulb, two of which are placed laterally, the third in front and the fourth 
behind. The lateral cushions merely represent the lower parts of the ridge-like 


Fie. 159.—Interior of dorsal half of heart from a human embryo io mm. long. 
(After His.) (From Kollmann’s ‘ Entwickelungsgeschichte.’) 
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thickenings which grow in to form the aortic septum. When the aortic septum 
is completed these Wagi cushions are each subdivided into two, thus giving rise 
to six thickenings—the rudiments of the semilunar valves—three at the aortic 
and three at the pulmonary orifice. 

Peculiarities of the fetal heart.—In early foetal life the heart is placed 
directly under the head and is relatively of large size. Later it assumes its 
position in the thorax, but lies at first in the middle line ; towards the end of 
pregnancy it gradually becomes oblique in direction. Its auricular portion is at 
first larger than the ventricular part, and the two auricles communicate freely 
through the foramen ovale. In consequence of the communication between the 
pulmonary artery and the aorta, through the ductus arteriosus, the contents of 
the right ventricle are mainly carried into. the latter vessel instead of to the 
lungs, and hence the wall of the right ventricle is as thick as that of the left. 
At the end of foetal life, however, the left ventricle is thicker than the right, 
a difference which becomes more and more emphasised after birth. 

, Further Development of the Arteries.—It has been seen (page 124) that the 
primitive aorte arise from the aortic bulb, and that each consists of a ventral and 
a dorsal part which are continuous through the first aorticarch. The dorsal aortes 
run backwards at first on either side of the notochord, but after a time they fuse 
to form a single trunk, which constitutes the greater part of the future descending 
aorta. The first aortic arches pass through the mandibular arches, and behind 
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them five additional pairs are developed within the corresponding visceral arches ; 
so that, in all, six pairs of aortic arches are formed (fig. 161). The first and 
second arches pass between the ventral and dorsal aortæ, while the others 
arise at first by a common trunk from the aortic bulb. As the neck elongates, 
the ventral aorte are drawn out, and the third and fourth arches arise 
directly from these vessels. , 

In fishes these arches persist and give off branches to the gills, in which the 
blood is oxygenated. In mammals some of them remain as permanent structures, 
while others disappear or become obliterated (fig. 161). 

The ventral aorte.—These persist on both sides. The right forms (a) the 
innominate artery, (b) the right common and external carotid arteries. The left 


Fie. 160.—Profile view of a human embryo estimated at twenty or twenty-one days old. 
(After His.) 
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gives rise to (a) the short portion of the aortic arch, which reaches from the origin 
of the innominate artery to that of the left common carotid artery; (b) the left 
common and external carotid trunks. 

The aortic arches.—The first and second disappear; the third constitutes the 
commencement of the internal carotid artery, and is therefore named the carotid 
arch. The fourth right arch forms the right subclavian as far as the origin of its 
internal mammary branch; while the fourth left arch constitutes the arch of the 
aorta between the origin of the left carotid artery and the termination of the 
ductus arteriosus. The fifth arch disappears on both sides. The sixth right 
arch disappears; that on the left side gives off the pulmonary arteries and 
persists as the ductus arteriosus. This duct remains pervious during the 
whole of fcetal life, but after birth becomes obliterated. His found that in the 

K 


130 EMBRYOLOGY 
o the right and left arches each gave a branch to the lungs, but 

ie get E arteries took origin from the left arch. 

The dorsal aorte.—In front of the third aortic arches the dorsal aorte persist 
and form the forward continuation of the internal carotid arteries. Behind the 
third arch the right dorsal aorta disappears as far as the point where the two 
dorsal aortee fuse to form the descending aorta. The part of the left dorsal aorta 
which intervenes between the third and fourth arches disappears, while the 
remainder persists to form the descending part of the arch of the aorta. A con- 
striction, the aortic isthmus, is sometimes seen in the aorta between the origin of 
the left subclavian and the attachment of the ductus arteriosus. | 

Sometimes the right subclavian artery arises from the aortic arch beyond the 
origin of the left subclavian and passes upwards and to the right behind the 
trachea and cesophagus. This condition may be explained by the persistence of 
the right dorsal aorta and the obliteration of the fourth right arch. 


Fig. 161.—Scheme of the aortic arches and their destination. 
(Modified from Kollmann.) 
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In birds the fourth right arch forms the permanent arch of the aorta; in 
reptiles the fourth arch on both sides persists and gives rise to the double aortic 
arch in these animals. 

The heart originally lies on the ventral aspect of the pharynx, immediately 
behind the stomatodewum. With the elongation of the neck and development 
of the lungs it recedes within the thorax, and, as a consequence, the ventral aortæ 
are drawn out and the original position of the fourth and fifth arches is greatly 
modified. Thus, on the right side the fourth recedes to the root of the neck, 
while on the left side it is withdrawn within the thorax. The recurrent laryngeal 
nerves originally passed to their distribution on the outer sides of the sixth pair of 
arches, and therefore become pulled backwards with the descent of these struc- 
tures, so that in the adult the left hooks round the ductus arteriosus : owing to 
the disappearance of the fifth and sixth right arches the right nerve hooks round 
that immediately above them, i.e. the commencement of the subclavian artery. A 
Series of segmental arteries arises from the primitive dorsal aortæ, those in the 
neck alternating with the cervical segments of the spine. The segmental artery 
which lies between the sixth and seventh cervical segments is of special interest, 
Since it forms the lower part of the vertebral artery and, when the fore-limb bud 
appears, sends a branch to it (i.e. the subclavian artery); the upper part of the 
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vertebral artery is formed by an antero-posterior anastomosis between the higher 
segmental arteries. From this segmental artery the entire left subclavian and 
the greater part of the right subclavian are formed. 

The subclavian artery is prolonged into the limb under the names of the 
axillary and brachial arteries, and these together constitute the arterial stem for 
the upper arm. The direct continuation of this stem in the forearm is formed 
by the anterior interosseous artery ; while the radial and ulnar vessels, which ulti- 
mately exceed this vessel in size, are in reality lateral branches of the main stem. 

The formation of the primary caudal arches has already been referred to 
(page 124), and the fusion of the dorsal aorte to form the greater part of the 
systemic aorta has also been pointed out (page 128). The middle sacral artery of 
the adult was formerly regarded as the direct continuation of the adult aorta, but 


Fie. 162.—Human embryo with heart and anterior body wall removed to show the 
sinus venosus and its tributaries. (After His.) (From Kollmann’s ‘ Entwicke. 
lungsgeschichte.’) 
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Young and Robinson (op. cit.) maintain that it ‘is a secondary branch, probably 
representing fused segmental arteries.’ They have further pointed out that while 
the dorsal and ventral extremities of the primary ¢audal arches remain, their 
middle portions ‘ disappear and are replaced by “ secondary ” caudal arches which 
lie to the outer sides of the Wolffian ducts.’ ‘The vessels which are to be looked 
upon as the posterior continuations of the — aorta in the adult in man, 
rodents, &c., are the common iliac, internal iliac, and hypogastric arteries. 

The hypogastric arteries are continued into the umbilical cord a8 the umbilical 
arteries. After birth they become obliterated from the umbilicus as far as the 
origin of the superior vesical arteries. . LS 

The primary arterial stem for the lower limb is formed by the sciatic artery, 
which accompanies the great sciatic nerve along the posterior aspect of the thigh 
to the back of the knee, whence it is continued as the peroneal artery. This 


arrangement exists in reptiles and amphibians. The femoral artery arises later 
K 2 
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as a branch of the common iliac, and, passing down the front and inner side of 
the thigh to the bend of the knee, joins the sciatic artery. The femoral quickly 
enlarges, and, coincident with this, the part of the sciatic immediately above the 
knee undergoes atrophy. The anterior and posterior tibial arteries, like the radial 
and ulnar in the forearm, are branches of the main arterial stem. 
Development of the Veins.—The formation of the great veins of the embryo 
may be best considered under two groups, visceral and parietal. ' : a 
The visceral veins are the two vitelline or omphalo-mesenteric veins bringing 
the blood from the yolk-sac, and the two umbilical or allantoic veins returning 
the blood from the placenta ; these four veins open close together into the sinus 
renosus (fig. 156). 
i The i B run upwards at first in front, and subsequently on either 
side of the intestinal canal. They unite on the ventral aspect of the canal, and 
then encircle the duodenal portion of the intestinal. tube by forming around it 
two venous rings, the first on its dorsal, the second on its ventral aspect. The 
portions of the veins above the upper ring become invaded by the developing 


Fig. 163.—-The liver, and the veins in connection with it, of a human embryo, twenty-four 
or twenty-five days old, as seen from the ventral surface. (After His.) (Copied from 
Milnes Marshall’s ‘ Embryology.’) 
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liver and broken up by it into a network of smaller vessels, the central part of 
the network consisting of a capillary plexus. The branches which convey the 
blood to this plexus are named the rene advehentes, and become the branches of 
the portal vein ; while the vessels which drain the plexus into the sinus venosus 
are termed the venge revehentes, and form the future hepatic veins (figs. 162 and 
163). Ultimately the left vena revehens no longer communicates directly with 
the sinus venosus, but opens into the right vena revehens. 

The lower part of the portal vein is formed from the fused vitelline veins 
which receive the veins from the alimentary canal; its upper part is derived 
froin the venous rings by the persistence of the left half of the lower and the 
ight half of the upper ring, so that the vessel forms a spiral turn round the 
duodenum (fig. 163). 

The two umbilical veins fuse early to form a single trunk in the allantois, but 
remain double for some time within the embryo and pass forwards to the sinus 
venosus in the side walls of the body. Like the vitelline veins, their direct 
connection with the sinus venosus becomes interrupted by the invasion of the 
liver, and thus at this stage the whole of the blood from the yolk-sac and 
placenta passes through the substance of the liver before it reaches the heart, 
The right umbilical vein shrivels up and almost entirely disappears ; the left, on 
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the other hand, becomes enlarged and opens into the upper venous ring of the 
vitelline veins. Finally a direct branch is established between this ring and the 
right hepatic vein; this branch is named the ductus venosus, and, enlarging 
rapidly, it forms a wide channel through which most of the blood, returned from 
the placenta, is carried direct to the heart without passing through the liver. 
A small proportion of the blood from the placenta is, however, conveyed from 
the left umbilical vein to the liver through the left vena advehens. The left 
umbilical vein and the ductus venosus undergo atrophy and obliteration after 
birth, and form respectively the ligamentum teres and ligamentum venosum of 
the liver (fig. 163). 

The Parietal Veins.—The first indication of a parietal system consists in the 
appearance of two short transverse veins (the ducts of Cuvier), which open, one 
on either side, into the auricular portion of the heart. Each of these ducts is 
formed by an ascending and descending vein. The ascending veins return the 
blood from the parietes of the trunk and from the Wolffian bodies, and are 
called cardinal veins. The descending veins return the blood from the head, 
and are called primitive jugular veins (fig. 160). The blood from the lower 
limbs is collected by the right and left iliac veins, which, in the earlier stages 


Fic. 164.—Diagram to illustrate the development of the principal systemic veins. 
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of development, open into the corresponding right and left cardinal veins 
(fig. 164); later on, a transverse branch (the left common iliac vein) connects 
the lower ends of the two cardinal veins, and through this the blood is carried 
into the right cardinal vein. The portion of the left cardinal vein above the left 
common iliac vein becomes atrophied as high as the level of the left renal vein, 
above which it persists as the superior and inferior azygos minor veins and the 
lower part of the left superior intercostal vein. The right cardinal vein, which 
now receives the blood from both lower extremities, forms a large venous trunk 
along the posterior abdominal wall; up to the level of the renal veins it forms 
the lower part of the inferior vena cava. Above the level of the renal veins the 
right cardinal vein persists as the vena azygos major, and receives the right 
intercostal veins, while the azygos minor veins are brought into communication 
with it by the development of transverse branches in front of the spinal column 
fig. 164). i = 

per, vena cava (fig. 164).—As just stated, the lower part of the inferior 
vena cava is formed from the post-renal part of the right cardinal vein. The 
upper part of the inferior vena cava arises as a small vein which lies between the 
two primitive kidneys and which is continuous superiorly with the conjoined 
ductus venosus and right hepatic vein. This small vein divides below into two 
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branches which anastomose with the right and left cardinal veins at the level of 
the renal veins. Through the anastomosis thus formed with the right cardinal 
vein the blood from the latter is carried into the small vein, which then 
becomes enlarged to form the prée-renal part of the vena cava inferior. Coincident 
with the atrophy of the post-renal part of the left cardinal vein, the blood from 
the left renal vein and its tributaries is also carried into the vena cava inferior. 

Tn consequence of the atrophy of the Wolffian bodies the cardinal veins 
diminish in size; the primitive jugular veins, on the other hand, become 
enlarged, owing to the rapid development of the head and brain. They are 
further augmented by receiving the vein Coan from the upper extremity, 
and so come to form the chief veins of the Cuvierian ducts; these ducts gradually 
assume an almost vertical position in consequence of the descent of the heart 
into the thorax. The right and left Cuvierian ducts are originally of the same 
diameter, and are frequently termed the right and left superior vene cave. By the 
development of a transverse branch (the future left innominate vein) between the 
two primitive jugular veins, the blood is carried across from the left to the right 
internal jugular, which thus becomes enlarged to form the upper part of the 
superior vena cava of the adult; the lower part of this vessel is formed by the 
right Cuvierian duct. Below the origin of this transverse branch the left primitive 
jugular vein and left Cuvierian duct atrophy, the former constituting the upper 
part of the left superior intercostal vein, while the latter is represented by the 
vestigial fold and oblique vein of Marshall (fig. 164). Both right and left 
superior vense caves are present in some animals, and are occasionally found in 
the adult human being. The oblique vein of Marshall passes downwards across 
the back of the left auricle to open into the coronary sinus, which, as already 
indicated, represents the persistent left horn of the sinus venosus. 

The gu jugular or anterior cardinal veins are situated on the ventral 
surface of the brain, on the mesial side of the cranial nerve-roots. A considerable 
portion of each of these veins disappears and is replaced by a vein which 
is developed on the lateral aspect of the cranial nerves from the fifth to the 
twelfth inclusive. This new vein (vena capitis lateralis) drains the blood from 
the mid and hind brains, and leaves the skull in company with the seventh nerve. 
The blood from the hind-brain is collected into a vein (the future lateral sinus) 
which passes through the foramen jugulare on the lateral aspect of the vagus 
nerve; here the two vessels join to form the internal jugular vein. On the 
dorsal aspect of the ear-capsule an anastomotic channel is opened up between the 
vena capitis lateralis and the lateral sinus ; and, coincident with this, the portion of 
the former vein which extends from the fifth to the tenth cranial nerve becomes 
obliterated, and thus the whole of the blood from the brain is ultimately drained 
away by the lateral sinuses. The primitive jugular vein is therefore represented 
in the adult by the internal jugular, and not by the external jugular as is usually 
stated—-the latter being a vessel of later formation. (Consult ‘ Die Entwickelung 
des Blutgefiss-systems,’ by Hochstetter, in Hertwig’s ‘ Entwickelungslehre ;’ and 
also an article by Mall in the ‘ American Journal of Anatomy,’ vol. iv. December 
1904. , 

The fœtal circulation is described on a future page. 

The pericardiwm.—As already pointed out (page 81), the anterior portion of 
the embryonic area in front of the oral plate or bucco-pharyngeal membrane 
is named the pericardial area. Previous to the formation of the head-fold, the 
mesoderm has divided into its somatic and splanchnic layers, and these two 
layers, together with the intervening coelomic space, extend forwards on either 
side of the bucco-pharyngeal membrane into the pericardial area ; the part of the 
ceelom contained within this area becomes the cavity of the pericardium. This 
i8; at first, in the shape of a crescent, the lateral horns of which extend backwards 
on either side of the bucco-pharyngeal membrane and are continuous with the 
peritoneal part of the coelomic space. The primitive blood-vessels, which, in 
on: pericardial region, fuse to form the primitive heart, are developed in the 
splanchnic mesoderm of the pericardial area. By the rapid elongation of the 
we) and the formation of the head-fold, the pericardial area and its contained 
ee are folded backwards to form the ventral wall of the fore-gut. By 
neans of this em the surfaces of the pericardial area are consequently 
reversed, its splanchnic layer being now situated on the dorsal aspect of its 
somatic layer, while its original anterior limit comes to form the front boundary 
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of the umbilicus. The vitelline veins, bringing the blood from the yolk-sac, enter 
the embryo through the anterior wall of the umbilicus and pass upwards and 
forwards to open into the tubular heart, which is, for a time, suspended along its 
entire length, from the ventral aspect of the fore-gut, by a dorsal mesentery 
(dorsal mesocardium) (fig. 183). By the absorption of the middle part of this 
dorsal mesocardium the great transverse sinus of the pericardium, behind the 
ascending aorta and pulmonary artery, is formed. 

In amphibians and birds the pericardium is developed by the fusion of the 
lateral halves of the cœlom in the middle line beneath the fore-gut, and therefore 
in these animals there exists, for a period, a ventral mesocardium ; but Professor 
Robinson has shown that the pericardial cavity in mammals is from the first 
a single cavity, and that there is never at any time a ventral mesocardium. 

The mesoderm immediately in front of the umbilicus becomes thickened to 
form the septum transversum, above which are situated the lateral horns of the 
pericardial cavity. These assume the form of tubular passages on the sides of 
the fore-gut, and constitute the communications between the pericardial and 
peritoneal parts of the ccelom (fig. 183). The lung buds grow out behind the 
ducts of Cuvier into these passages, and push their way outwards and forwards 
into the tissue of the septum transversum. The expansion of the pleural cavities 
therefore takes place in the septum, which by this means is differentiated into 
the central part of the Diaphragm and the posterior wall of the pericardium. 
The anterior limit of the septum transversum is indicated by the Cuvierian 
ducts (superior vene cave), by the growth of which the passages between the 
pericardium and pleure are closed. 

Development of the Alimentary Canal.—As already indicated (page 87), the 
primitive alimentary canal is formed, at an early stage, by the enclosure within 
the embryo of a portion of the blastodermic vesicle, and is seen to consist of 


Fic. 165.—Diagrammatic outline of a longitudinal vertical section 
of the chick on the fourth day. 
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ri, Viteliine duct, (From Quain’s ‘ Anatomy,’ Allen Thomson.) 


three parts, viz.: (1) the fore-gut, within the cephalic flexure and dorsal to the 
heart ; (2) the mid-gut, opening freely into the yolk-sac; and (3) the hind-gut, 
within the caudal flexure. At first the fore-gut and hind-gut end blindly (figs. 165 
and 166). The anterior end of the fore-gut is separated from the stomatodeum 
by the pharyngeal septum; the hind-gut terminates posteriorly in the cloaca 
which is closed enterik y by the cloacal membrane. The formation of the mouth, 
and the subsequent communication between it and the cephalic end of the fore- 
gut, have already been considered; the manner in which the anus is formed will 
be discussed presently. 

From the fore-gut are developed the pharynx, œsophagus, stomach, and 
greater part of the duodenum,* and further, as diverticula from the duodenum, the 
liver and pancreas; from the hind-gut, the rectum (except the anus) and a con- 
siderable part of the colon, and as a tubular outgrowth from it the hollow stalk 


of the allantois; the mid-gut gives origin to the remainder of the alimentary 
tube. 


* The level of the opening of the common bile-duct is sometimes given as the junction 
of the fore-gut with the mid-gut. 
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The upper part of the fore-gut becomes dilated to form the pharynx (fig. 167), 
in relation to which the branchial arches are developed (fig. 122) (see page ror) ; 


Fig. 166,—Diagram of a longitudinal section of a mammalian embryo. 
Very early. (After Quain.) 
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Fig. 167.—Human embryo about fifteen days old. Brain and heart represented from 
right side. Alimentary canal and yolk-sac in mesial section. (After His.) 
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the Succeeding part remains tubular, and with the descent of the stomach is 
elongated to form the cesophagus. About the fourth week a fusiform dilatation, 
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the future stomach, makes its appearance, and beyond this the mid-gut opens 
freely into the yolk-sac (figs. 167 and 168). The opening is at first wide, but is 


Fie. 168.—Sketches in profile of two stages in the development of the human 
alimentary canal. (His.) Fig. A x30. Fig. B x 20. 
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gradually narrowed into a tubular stalk, the yolk-stalk or vitelline duct. The 


proximal part of this duct persists in a small percentage of subjects and consti- 
tutes Meckel’s diverticulum, which is found about three or four feet above the 
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ileo- 1 valve. At this stage, therefore, the alimentary canal forms a nearly 
oman tiles in front of the aoM and primitive aortæ (fig. 166). From the 
stomach to the rectum it is attached to the notochord by a band of mesoderm, 
from which the common mesentery of the gut is subsequently developed. The 
stomach undergoes a further dilatation, and its two curvatures can be recognised 
(figs. 168, B, and 172), the greater directed towards the vertebral column and the 
lesser towards the anterior wall of the abdomen, while its two surfaces look to 
the right and left respectively. The mid-gut also undergoes great elongation, 
and forms a V-shaped loop which gojenta downwards and forwards ; from the 
bend or angle of the loop the vitelline duct passes to the umbilicus (fig. 172). 
For a time a part of the loop extends beyond the abdominal cavity into the 
umbilical cord, but by the end of the third month this is withdrawn. With 
the lengthening of the tube, the mesoderm, which attaches it to the future 
vertebral column and which carries the blood-vessels for the supply of the gut, is 
thinned and drawn out to form the posterior common mesentery. The portion 
of this mesentery which is attached to the greater curvature of the stomach is 
named the dorsal mesogastriwm, and the parts which suspend the colon and 
rectum are respectively termed the mesocolon and mesorectum (fig. 172). About 


Fra. 169.—Front view of two successive stages in the development of the 
alimentary canal. (His.) 
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the sixth week a lateral diverticulum makes its appearance a short distance behind’ 
the opening of the vitelline duct, and indicates the future cecum and appendix. 
The part of the loop on the distal side of the cæcal diverticulum becomes increased 
in diameter, and forms the future ascending and transverse portions of the large 
intestine. Until the third month the cecal diverticulum has a uniform calibre, 
but from this time onwards its most dependent part remains rudimentary and 
forms the vermiform appendix, while its upper part is expanded to form the 
cecum. Changes also take place in the shape and position of the stomach. 
Its dorsal part or greater curvature, to which the dorsal mesogastrium is attached, 
grows much more rapidly than its ventral part or lesser curvature. Further, the 
greater curvature is carried downwards and to the left, so that the right surface of 
the stomach is now directed backwards and the left surface forwards—o, change in 
position which explains why the left vagus nerve is found on the front of the 
stomach and the right vagus on the back of it. The dorsal mesogastrium being 
attached to the greater curvature must necessarily follow its movements, and 
hence it becomes greatly elongated and drawn outwards from the vertebral 
column, and, like the stomach, what was originally its right surface is now 
directed backwards and its left forwards. In this way a pouch, the bursa omen- 
talis, is formed behind the stomach ; this pouch is the future lesser sac of the 
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peritoneum, and it increases in size as the alimentary tube undergoes further 
development; the entrance to the pouch constitutes the future foramen of 
Winslow (figs. 173, 176). The duodenum is developed from that part of the 
tube which immediately succeeds the stomach. This undergoes little elonga- 
tion, being more or less fixed in position by the liver and pancreas, which arise 
as diverticula from it. The duodenum is at first suspended by a mesentery, 
and projects forwards in the form of a loop. The loop and its mesentery are 
subsequently displaced by the transverse colon, so that the right surface of the 
duodenal mesentery is directed backwards, and, adhering to the parietal peri- 
toneum, is lost. The remainder of the canal becomes greatly elongated, and as 
a consequence the tube is coiled on itself, and this elongation demands a corre- 
sponding increase in the width of the intestinal attachment of the mesentery, 
which becomes plaited or folded. 

At this stage the small and large intestine are attached to the vertebral 
column by a common mesentery, the coils of the small intestine falling to the 
right of the middle line, while the large 


intestine lies on the left side.* Fig. 170.—Schematic and enlarged cross 
The gut is now rotated upon itself, section through the body of a human 

so that the large intestine is carried embryo in the region of the meso- 

over in front of the small intestine, and gastrium. Beginning of third month. 

the cecum is placed immediately below (Toldt.) — 

the liver; about the sixth month the Boer Tete etic Tiia 


cecum descends into the right iliac 
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the small intestine are disposed (figs. aie Shiga tue 
173, 177). Sometimes the downward 


Fie. 171.—Same section as in fig. 170, at end of third month. (Toldt.) 
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progress of the cecum is arrested, so that in the adult it may be found lying 
immediately below the liver instead of in the right iliac region. 

Further changes take place in the bursa omentalis and in the common 
mesentery, and give rise to the peritoneal relations seen in the adult. The bursa 
omentalis, which at first reaches only as far as the greater curvature of the 
stomach, grows downwards to form the great omentum, and this downward 
extension lies in front of the transverse colon and the coils of the small intestine. 
The anterior layer of the transverse mesocolon is at first quite distinct from the 
posterior layer of the great omentum, but ultimately the two blend, and hence 
the great omentum appears as if attached to the transverse colon (fig. 174). The 


* Sometimes this condition persists throughout life, and it is then found that the duo- 
denum does not cross from the right to the left side of the vertebral column, but lies entirely 
on the right side of the mesial plane, where it is continued into the jejunum ; the arteries 
to the small intestine (rami intestini tenuis) also arise from the right instead of the left 
side of the superior mesenteric artery. 
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mesenteries of the ascending and descending parts of the colon disappear in the 

majority of cases, while that of the small intestine assumes the oblique attach- 

ment characteristic of its adult condition. æ 

. 172,—Abdominal part of alimentary canal and its attachment to the primitive or 

a mesentery. NE an embryo of six weeks. (After Toldt.) (From Kollmann’s 
‘ Entwickelungsgeschichte.’). 
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Fic. 173.—Diagrams to illustrate two stages in the development of the human alimentary 
canal and its mesentery. The arrow indicates the entrance to the bursa omentalis. 
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The small omenium is formed by a thinning of the mesoderm or ventral 
mesogastrium, which attaches the stomach and duodenum to the anterior 
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abdominal wall. By the subsequent growth of the liver this leaf of mesoderm is 
divided into two parts, viz.: the small omentum between the stomach and liver, 


Fic. 174.—Diagrams to illustrate the development of the great omentum 
and transverse mesocolon. 
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and the falciform ligament between the liver and the abdominal wall and 
Diaphragm (fig. 175). 
Fic. 175.—The primitive mesentery of a six weeks’ human embryo, half schematic. 
( Kollmann.) 
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Formation of the rectum and anus.—The hind-gut is at first prolonged back- 
wards into the body-stalk as the tube of the allantois; but, with the growth and 


flexure of the tail-end of the embryo, the body-stalk, with its contained allantoic 
tube, is carried forwards to the ventral aspect of the body, and consequently a 
This bend becomes 


bend is formed at the junction of the hind-gut and allantois. 

dilated into a pouch, which constitutes the entodermal cloaca ; into its dorsal part 
the hind-gut opens, and from its ventral part the allantois passes forwards. Ata 
later stage the Wolffian and Miillerian ducts also ae into its ventral portion. 
The cloaca is, for a time, shut off from the exterior by a membrane, the cloacal 
membrane, formed by the apposition of the ectoderm and entoderm, and reaching, 
at first, as far forwards as the future umbilicus. Behind the latter, however, the 
mesoderm subsequently extends inwards to form the lower part of the abdominal 
the growth of the surrounding tissues the cloacal 


wall and symphysis pubis. B g t 
membrane comes to lie at the bottom of a depression which is lined by ectoderm 


and named the ectodermal cloaca. 
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The entodermal cloaca is divided into a dorsal and a ventral part by means 


of a partition consisting of two lateral septa which grow inwards and unite with 


Fre. 


Fic. 176.—Schematic figure of the bursa omentalis, &e. Human embryo 
of eight weeks. (Kollmann.) 
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177.—Final disposi- each other in the middle line—the fusion of the septa 


tion of the intestinesand taking place from before backwards. The dorsal part 
their vascular relations. forms the rectum, and the anterior part the urogenital 
(Jonnesco.) sinus and bladder. By the rupture of the cloacal 





A. Aorta. H. Hepatic artery. S 


membrane the cloacal canal, opening on the exterior, 
is formed, thus giving rise to a condition which exists 
permanently in the reptile, bird, and monotreme. Into 
this cloacal channel the urine, the feeces, and the 
products of the genital organs are discharged. The 
communication of the rectum with the cloaca is oblite- 
rated by the inward growth of two eminences, which 
make their appearance one on either side of the 
cloaca. These join in the middle line to form the 
perineal septum, and also fuse with the hinder edge: 
of the septum which separates the urogenital sinus 
and bladder from the rectum. The permanent anus 
is not developed from the cloacal opening of the 
hind-gut, but is formed by an invagination of the ecto- 
derm behind the perineal septum. This invagination 
is termed the proctodewm, and it meets with the 
ventral aspect of the hind-gut and forms with it the 
anal membrane. By the absorption of this membrane 
the anus is formed. A small part of the hind-gut pro- 
jects backwards beyond the anal orifice ; this portion 
is named the post-anal gut, and usually becomes 
obliterated and disappears.* 

F. Wood-Jonest gives a different account from 


Splenic artery. M, Col. Branches 
of superior mesenteric artery. 


m, m’. Branches of inferior mes- 5 Consult, in this connection, the following article: ‘A 
enteric artery, Contribution to the Morphology of the Human Urino-genital 


Tract,’ by D. Berry Hart, M.D., F.R.C.P.E. Journal of 


Anatomy and Physiology, April 1901, vol. xxxv. 
t ‘The Nature of the Malformations of the Rectum and Urogenital Passages,’ by 
F. Wood-Jones, M.B., B.Sc., M.R.C.S. British Medical Journal, December 17, 1904. 
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the above as to the manner in which the rectum is separated from the cloaca. 
He maintains that the growth of the hind-gut keeps pace with that of the hind- 
end of the embryo, and ‘buds backwards past its cloacal orifice, past its old 
termination in the allantois, and forms the portion of the hind-gut distal to the 
allantois’; this portion he 


terms the post-allantotc gut Fie, 178,—Diagram to illustrate the development of the 
(figs. 178, 179, and 186). post-allantoio gut. The hind-gut opens freely into the 
‘The cloacal opening ofthe cloaca. (After Wood-Jones.) 

hind-gut is now normall 

lost ; originally a moa 
opening in the embryo of 
12 somites (which is about 
2 mm. in total length), the 
rapid growth of the hind- 
gut, the post-allantoic gut, 
and of the allantois itself, 
together with the lateral 
infolding of the wall de- 
scribed by Keibel, serve to 
close the opening of the 
hind-gut into the cloaca.’ 
This view, which affords a Ẹ: 
satisfactory explanation of E; 
the varieties of imperforate =° 
rectum and anus which are 
sometimes found, leads to the conclusion that the cloaca does not contribute 
to the formation of the rectum, and that the septa which have been described 
as fusing in the middle line to form the perinæum are non-existent. 

The peritoneal cavity is formed by the abdominal — of the celom, 
which becomes separated from the thoracic portion by the development of the 
Diaphragm. 

The liver arises in the form of a diverticulum or hollow outgrowth from 
the ventral surface of the duodenum (figs. 167, 168, and 183). This diverticulum 
is lined by entoderm, 
and grows upwards and Fie. 179.—Diagram to illustrate the further development of 
forwards into the sep- the post-allantoic gut. The hind-gut still opens into the 
tum transversum, and cloaca. The opening of the Miillerian ducts is also seen. 
there gives off two solid (After Wood-Jones.) 
buds of cells which re- 
present the right and 
the left lobes of the 
liver. The solid buds of 
cells grow into columns 
or cylinders, termed the 
hepatic cylinders, which 
branch and anastomose 
to form a close mesh- 
work. This network in- 
vades the vitelline and 
umbilical veins, and 
breaks up these vessels 
into a series of capil- 
laries, which ramify in 
the meshes of the cel- 
lular network and ulti- 
mately form the venous = l 
capillaries of the liver. By the continued growth and ramification of the hepatic 
cylinders the mass of the liver is gradually formed. The original diverticulum 
from the duodenum forms the common bile-duct, and from this the cystic duct 
and gall-bladder arise as a hollow evagination. 

As the liver undergoes enlargement, both it and the ventral mesogastrium of 
the fore-gut are gradually differentiated from the septum transversum ; and from 
the under surface of the latter the liver projects downwards into the abdominal 
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cavity. By the growth of the liver the ventral mesogastrium is divided into two 
arts, of which the anterior forms the falciform ligament, and the posterior the 
gastro-hepatic omentum. About the third month the liver almost fills the 
abdominal cavity. From this period the relative development of the liver is less 
active, more especially that of the left lobe, which now becomes smaller than the 
right ; but up to the end of footal life the liver remains relatively larger than in 
the adult. 

The pancreas.—During the fourth week the pancreas arises as two hollow 
buds, a larger dorsal and a smaller ventral bud (fig. 180), The former springs 
as a diverticulum from the dorsal aspect of the duodenum, a short distance above 
the hepatic diverticulum, and, growing upwards and backwards into the dorsal 
mesogastrium, forms the main part of the pancreas. The ventral part grows into 
the ventral mesogastrium and gives origin to the lower part of the head of the 
gland. It arises as an evagination from the commencement of the hepatic 
diverticulum, and thus, from the first, the duct of this part of the gland opens 
into the duodenum through an orifice common to it and the bile-duct. By 
the seventh week the dorsal and ventral parts have become united and their 
ducts communicate with each other. From this time onward the duct of the 
ventral part of the gland increases greatly in size, and forms the continuation of 
the main duct (canal of Wirsung). On the other hand, that portion of the duct 
of the dorsal part of the gland which extends from the point of union of the two 
ducts to the duodenum undergoes little enlargefnent, and forms the duct of 
Santorini, which opens about three-quarters of an inch above the orifice of the 
common bile-duct. The opening of the duct of Santorini into the duodenum is 


Fria, 180.—The rudiments of the pancreas in a six weeks’ human embryo. 
(After Hamburger.) (From Kollmann’s ‘ Entwickelungsgeschichte.’) 
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sometimes obliterated, and even if it remains patent the secretion of the dorsal 
i K the gland is mostly conveyed through the duct of the ventral part of the 
gland. 

At first the pancreas is directed upwards and backwards between the two 
layers of the dorsal mesogastrium, which give to it a complete peritoneal invest- 
ment, and its surfaces look to the right and left. With the change in the position 
of the stomach the dorsal mesogastrium is drawn downwards and to the left, and 
the right side of the pancreas is directed backwards and the left forwards. The 
right surface becomes applied to the posterior abdominal wall, and the peritoneum, 
which covered it, undergoes absorption ; and thus, in the adult, the gland appears 
to lie behind the peritoneal cavity. 

i The spleen (fig. 172}s—Although the spleen belongs to the group of ductless 
glands, its development may be conveniently referred to here. It appears in the 
second month as a localised thickening of the mesoderm in the dorsal meso- 
ee above the tail of the -pancreas. It grows towards the left side of the 
igi mesogastrium, and thus comes into contact with the right surface of the 
: et With the change in position of this viscus the spleen is carried to the 
A Aoin comes to lie behind the cardiac part of the stomach and in contact with 

à elt kidney. The partof the dorsal mesogastrium which intervened between the 
sp = and the greater curvature of the stomach forms the gastro-splenic omentum, 
Fes ti me of the Respiratory Organs.—Towards the end of the third week 
5 eep ongitudinal furrow (figs. 126 and 127) appears in the ventral wall of the 

i commencing at the level of the fourth visceral arch and reaching back- 
wards nearly as far as the stomach. It is bounded in front by an elevation 
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termed the furcula, and laterally by two ridges. By the union of the posterior 
parts of the two ridges the groove is converted into a tube-like diverticulum, 
which is lined by entoderm and which grows backwards on the ventral aspect of 
the cesophagus. The upper end of this diverticulum is expanded to form the 
larynx ; the furcula is the future epiglottis, and the upper parts of the lateral 
ridges constitute the aryteno-epiglottidean folds. The thyroid cartilage is 
developed from the cartilages of the fourth and fifth visceral arches, while that of 
the sixth visceral arch appears to be modified to form the cricoid and arytenoid 
cartilages and the cartilages of the trachea. 

The lower end of the tube-like diverticulum bifurcates into a larger right and 
a smaller leit bud, the right and left lung buds, and each of these is further 
subdivided—the right into three and the left into two parts; these subdivisions 
are the early indications of the corresponding lobes of the lungs (figs. 122 and 169). 
These lung buds undergo further subdivision and ramification, and ultimately 
end in minute expanded extremities—the infundibula of the lung. After the 
sixth month the air-vesicles begin to make their appearance on the infundibula 
in the form of minute pouches. 

Development of the Diaphragm (figs. 181 and 182). The following description 
is based on that given by Keith.* The central tendon of the Diaphragm is 


Fie. 181.—The thoracic aspect of the Diaphragm of a newly born child in which the 
communication between the peritoneum and pleura has not been closed on the left 
side; the position of the opening is marked on the right side by the spino-costal 
hiatus. (After Keith.) 
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derived from the septum transversum; each half of its muscular portion is 
developed in two parts, viz.: (a) a sterno-costal portion, which is derived from 
the ventral longitudinal musculature of the embryonic neck; and (b) a spinal 
or vertebral portion, which arises from the bodies of the vertebre and arcuate 
ligaments, and is derived from the cervical part of the transversalis muscle. The 
pleuro-peritoneal opening is closed by the approximation of the sterno-costal and 
vertebral parts ; and the spino-costal fibrous hiatus, best seen on the left half of 
the Diaphragm, marks its position after closure. Sometimes the opening remains 
patent, giving rise to a congenital diaphragmatic hernia. . 

The formation or separation of the Diaphragm—for at first it forms part of 
the wall of the body-cavity—results from the development of the pleural cavities 
and lungs. The lung buds appear in the cervical region of the embryo, and 
they, together with the parts of the ccelom in which they are contained, 
undergo a rapid development, growing forwards and outwards into the tissue 
of the dorsal part of the septum transversum and of the body-wall; within 
that tissue the pleural cavities are excavated. The pleural cavities also develop 
within the hody-wall towards the ventral median line, thus separating the peri- 
cardium from the thoracic wall (see arrows in fig. 182). In this-manner the 


* Human Embryology and Morphology, by Arthur Keith, M.D., F.R.C.S., 2nd edition, 
1904. Consult also an article on the development of the Diaphragm, by the same author, 
in vol.xxxix. of the Journal of Anatomy and Physiology. 
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leural cavities are excavated within the body-wall, dorsal to and on each side 
of the pericardium. The formation of the pleural cavities not only separates the 
pericardium from the body-wall, but also an inner layer from the ventro-lateral 


Fic. 182.—Diagram of transverse section through rabbit embryo. (After Keith.) 





aspect of the body-wall which forms the sterno-costal part of the Diaphragm, 
and also an inner layer from the dorsal aspect of the body-wall to form the 


vertebral part of the Diaphragm. 


Fie. 183.—Liver with the septum transversum. Human embryo 3 mm. long. 
x 16. (After model and figure by His.) 
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mate Pet of the Urinary and Generative Organs.—The urinary and gene- 
7 mt organs are developed from the intermediate cell-mass which is situated 
© Wen the protovertebral somites and the lateral plates of mesoderm. 
a olffian ducts and Wolffian bodies —In the outer part of the intermediate 
"mass, Immediately under the ectoderm, a longitudinal cord of cells makes its 
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appearance. This cellular cord sinks into the subjacent mesoderm, and, acquiring 
a lumen, constitutes the Wolffian duct,* which passes backwards and opens into 
the urogenital sinus. On the inner side of this duct a series of tubules, the 
Wolffian tubules, are developed. Each tubule opens externally into the Wolffian 
duct, while its opposite end is invaginated by a tuft of capillary blood-vessels to 
form a glomerulus. These tubules increase in number, and collectively constitute 


Fie. 184.—Section of the urogenital area of a chick embryo of the fourth day. 
(Waldeyer.) 
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the Wolffian body or mesonephros (fig. 185). At the beginning of the second 
month this body forms an elongated spindle-shaped structure, which projects into 
the coelomic cavity on either side of the dorsal mesentery and reaches from the 
septum transversum in front to the fifth lumbar somite behind. The Wolffian 
hody persists and forms the permanent kidney in fishes and amphibians, but in 
reptiles, birds, and mammals it is superseded by the metanephros, which forms 


Fre. 185.—Enlarged view from the front of the left Wolffian body before the 
establishment of the distinction of sex. (From Farre, after Kobelt.) 





a, a, 6, ¢, d. Tubular structare of the Wolffian bcåy. e. Wolffian duct. f. Its upper extremity. g. Its termination 
in v, the urogenital sinus. A. The duct of Müller. t, Its upper, funnel-shaped extremity. k. Its lower end, 
terminating in the urogenital sinus. 72. The genital ridge, ovary or testicle. 


the permanent kidney in these animals. The anterior tubules of the Wolffian 
body become attached to the sexual eminence or genital ridge from which the 
ovary in the female, and the testicle in the male, are developed. Coincident with 
the development of the permanent kidneys, the Wolffian bodies atrophy, and this 
process proceeds to a much greater extent in the female than in the male. 


* The Wolffian duct is by many embryologists regarded as being of ectodermal origin, 
formed by a longitudinal invagination of the ectoderm which overlies the intermediate 


cell-mass. 
L 2 
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The pronephros.—In front of the Wolffian body there are developed a number 
of tubules which form the pronephros or head-kidney—an early embryonic structure 
in all vertebrates. This consists of a series of transverse tubules which open into 
a duct termed the pronephric duct; this duct is continuous posteriorly with 
the Wolffian duct. Each pronephric tubule communicates by means of a funnel- 
shaped, ciliated opening with the coelomic cavity, and in the course of each duct 


Fic. 186.—Diagram to illustrate the separation of the hind-gut from the cloaca. The 
hind-gut has now lost its cloacal opening. The post-allantoic gut is about to meet the 
proctodeeal depression. (After Wood-Jones.) 
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a glomerulus is also developed. The pronephros undergoes rapid atrophy and 
practically disappears. In the female the remains of it are probably represented 
by the hydatids of Morgagni at the fimbriated end of the Fallopian tube ; in the 
male, by the stalked hydatid at the upper end of the testicle. 

In the male the Wolffian duct persists, and forms the tube of the epididymis, 
the vas deferens, and common ejaculatory duct, while the seminal vesicle arises 


Fig. 187.—Diagram to illustrate the formation of the vagina, bladder, and urethra. 
The Miillerian ducts have lost their opening into the urogenital sinus, and the new 
solid vagina has grown down and later becomes canalised. (After Wood-J ones.) 
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as a lateral diverticulum from its hinder end. 


form the rete testis, vasa efferentia, and coni vasculosi of the testicle; while the 
posterior tubules are represented by the vasa aberrantia of the globus minor, and 


y the organ of Giraldés, which is sometimes found in front of the spermatic 
cord above the globus major (fig. 188, c). 


The anterior Wolffian tubules 
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Fic. 188.—Diagrams to show the deve- 
lopment of male and female generative 
organs from a common type. (Allen 
Thomson.) 


A.—Diagram of the primitive urogenital organs in the 
embryo previous to sexual distinction. 


3. Ureter. 4. Urinary bladder. 5. Urachus. of. The 
genital ridge from which either the ovary or testicle is 
formed. W. Left Wolffian body. w, w. Right and left 
Wolffian ducts. m,m. Right and left Miillerian ducts 
uniting together and running with the Wolffian ducts 
in ge, the genitalcord. ug.Sinus vrogenitalis. 4. Lower 
part of the intestine. cl. Cloaca. cp. Elevation which 
becomes clitoris or penis. /s. Fold of integument from 
which the labia majora or scrotum are formed. 





B.—Diagrom of the female type of sexual 
organs. 


o. The left ovary. po. Parovarium 
(epoophorou of Waldeyer). If. Scattered 
remains of Wolffian tubes near it (par- 
oophoron of Waldeyer). dG. Remains of 
the left Wolffian duct, such as give rise 
to the duct of Gärtner, represented by 
dotted lines; that of the right side is 
marked w. J. The abdominal opening of 
the left Fallopian tube. u. Uterus. The 
Fallopian tube of the right side is marked 
m. g. Round ligament, corresponding to 
gubernaculum., 4$. Lower part of the 
intestine. ca. Vagina. A. Situation of 
the hymen. C. Gland of Bartholin (Cow- 
per’s gland), and immediately above it the 
urethra. cc, Corpus cavernosum clitoridis. 
sc, Vascular bulb or corpus spongiosum, 
n. Nympha. 2 Lahinm. 2 Vulva. 


C.— Diagram of the male type of sexual 
organs. 






















t. Testicle in the place of its original forma - 
tion. 2. Cupnt epididymis. vd. Vas deferens. 
IV, Scattered remains of the Wolffian body, 
constituting the organ of Giraldes, or the para- 
didymis of Waldever. vh. Vas aberrans. 
m. Miifleriau duct, the upper part of which 
remains as the hydatid of Morgagni ; the lower 
part, represented by a dotted line descending 
to the prostatic vesicle, constitutes the occasion- 
ally existiug cornu and tube of the uterus 
masculinus. g. The gubernaculum, è. Lower 
part of the intestine. vs, The vesicula semi- 
nalis, pr. The prostate gland. C. Cowper's 
gland of one side. ep. Corpora cavernosa 
penis cut short. sp. Corpus spongiosum ure- 
thre. s. Serotum. ¢', together with the 
dotted lines above, indicates the direction in 
Which the testicle and epididymis descend 
from the abdomen into the serotum, 


150 EMBRYOLOGY 


In the female the Wolffian bodies and ducts become atrophied. The remains 
of the Wolffian tubules are represented by the epodphoron or organ of Rosen- 
miiller, and by the parodphoron, two small collections of rudimentary, blind 
tubules which are situated in the mesosalpinx. The lower part of the Wolffian 
duct disappears, while the upper part persists as the functionless duct of Gartner * 
(figs. 188, B, and 190). | 

The permanent kidney, or metanephros.—The rudiments of the permanent 
kidneys make their appearance about the end of the first month. Hach arises as 
a diverticulum from the hind-end of the Wolffian duct, close to where the latter 
opens into the urogenital sinus. This diverticulum grows upwards and forwards 
into the posterior part of the intermediate cell-mass, where its blind or anterior 
extremity becomes dilated and subsequently divides into several buds, which form 
the rudiments of the pelvis and calyces of the kidney. By further subdivision 
it gives rise to the collecting tubules of the kidney; whether the secretory 
tubules are developed from the renal diverticulum or from the surrounding 
mesoderm is not as yet determined. The mesoderm around the subdivisions of 
the diverticulum becomes condensed to form the connective tissue and vessels of 
the kidney, while the diverticulum is elongated to form the ureter, the posterior 
extremity of which opens at first into the hind-end of the Wolffian duct; after 
the sixth week, it separates from the Wolffian duct and opens independently 
into the part of the cloaca which ultimately becomes the bladder. The manner 
in which this separation is brought about is not fully known.? 

The seéretory tubules of the kidney become arranged into pyramidal masses 
or lobules, and the lobulated condition of the kidney exists for some time after 
birth, while traces of it may even be found in the adult. The kidney of the ox 
and ag animals remains lobulated throughout life. | 

The Müllerian ducts-Shortly after the formation of the Wolffian ducts a 
second pair of ducts is developed ; these are named the Miillerian ducts. Each 
arises on the outer aspect of the corresponding Wolffian body as a tubular invagi- 
uation of the cells lining the ccelom (fig. 184). The orifice of the invagination 
remains patent, and undergoes enlargement and modification to form the abdominal 
ostium of the Fallopian tube. The ducts pass backwards on the outer aspects of 
the Wolffian bodies, but towards the posterior end of the embryo they cross to 
the inner side of the Wolffian ducts, and thus come to lie side by side between 
and behind the latter—the four ducts forming what is termed the genital cord. 

_ Ultimately, the Miillerian ducts open into the urogenital sinus between the 
orifices of the Wolffian ducts, and terminate on an elevation named the Miillerian 
emimence. Berry Hart describes them as ending blindly on this eminence. 

In the male the Miillerian ducts atrophy, but a trace of their anterior ends is 
represented by the sessile hydatids of the epididymis, while their terminal fused 
portions form the uterus masculinus or sinus pocularis in the floor of the prostatic 
portion of the urethra (fig. 188, c). 

In the female the Miillerian ducts persist and undergo further development. 


i * Berry Hart (op. cit.) has described the Wolffian ducts as ending at the site of the 
ae hymen in bulbous enlargements, which he has named the Wolffian bulbs; and states 
t at the hymen is formed by these bulbs, ‘ aided by a special involution from below of the 
cells lining the urogenital sinus,’ He further believes that ‘ the lower third of the vagina 
ne he to the coalescence of the upper portion of the urogenital sinus and the lower ends 
= E Wolftian ducts,’ and ‘that the epithelial lining of the vagina is derived from the 
f olthan bulbs.’ He also regards the colliculus seminalis of the male urethra as being 
vanag bom the pore part of the Wolffian ducts. 
ae separation of the ureter from the Wolffian duct may be brought about by the 
eee of the hinder end of the latter into the tio auninaie kk i and by the 
i of = wall of this chamber between the openings. Robinson (Proceedings of the 
oar i i ree of Great Britain and Ireland, May 1903, page Ixiii) states, regarding 
ate ryo of about seven weeks, that ‘ from the posterior or lower opening of the Wolffian 
a ridge, the Wolffian ledge, runs caudally on the wall of the genito-urinary 
Dict Sacsuee ll adually disappears at the junction of the Wolffian angle with the body of 
margins erin The lateral margins of the groove are continuous anteriorly with the lateral 
the i e Wolffian duct, and apparently fuse together to form the ventral wall of 
Nefron oi of the duct. ... Obviously, if the lateral margins of the groove were to 
bask wai; elore backwards, the aperture of the Wolffian duct would be carried further 
ard in the chamber, and its distance from the opening of the ureter increased.’ 
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The portions which lie in the genital cord fuse to form the uterus and vagina ; 
the parts in front of this cord remain separate, and each forms the corresponding 
Fallopian tube—the abdominal ostium of which is developed from the anterior 
extremity of the original tubular invagination from the cæœlom. The fusion 
of the Miillerian ducts begins in the third month, and the septum formed by 
their fused mesial walls disappears from below upwards, and thus the cavities 
of the vagina and uterus are produced. About the fifth month an annular con- 
striction marks the position of the neck of the uterus, and after the sixth month 
the walls of the uterus begin to thicken. The development of the vagina in the 
manner just described would necessitate the growth of a septum between it and 
the urethra ; but Wood-Jones (op. cit.) maintains that no such septum exists, and 
that ‘the vagina is, for a great part of foetal life, a solid rod, and not an open canal 
at all’ (fig. 187). He says: ‘Early in the history of the embryo the Miillerian 
ducts open into the urogenital sinus at its upper part (fig. 186); late in its history 
they open at the hind-end of the vagina, and for a considerable interval they have 
no opening at all—the old one being lost and the new one not yet formed. No 
septal division is ome in this change ; but as the hind-gut, when its cloacal 
opening is lost, re-establishes communication with the exterior by a new down- 
growth, so the Millerian ducts, when their cloacal opening becomes obliterated, 
tunnel a new passage to the hind-end. The active agents in this strange growth 
are two epithelial masses that have been described by Berry Hart as the Wolffian 
bulbs, but to give this namie to them is to give a definite idea as to their origin, 
and this seems to be by no means clear.’ 

The wrethra.—In the female the urethra is formed from the upper part of the 
urogenital sinus, viz. that part which lies above the openings of the Wolffian 
and Miillerian ducts. The portion of the sinus below these openings becomes 
gradually shortened, and is ultimately opened out to form the vestibule, and in 
this manner the urethra and vagina come to open separately on the surface. 
Wood-Jones regards the female urethra as ‘the a remnant in its simplest 
form,’ and points out that it does not remain tubular throughout foetal life, but is 
for a time ‘ obliterated more or less completely by the proliferation of the vaginal 
bulbs.’ Developmentally considered, the mal urethra consists of three parts: 
1: The prostatic and membranous portions, which are derived from the urogenital 
sinus. 2. The penile portion as faras the base of the glans penis, which is formed 
by the fusion from behind forwards, in the middle line, of the inner genital folds. 
This fusion is apparently at first solid, but the epidermis extends backwards along 
the line of union, and by central desquamation forms the lumen of the urethra. 
3. The part contained within the glans penis ; this is formed by the ingrowth and 
subsequent central desquamation of a solid plug of epidermis which perforates 
the glans and meets the canal behind (Berry Hart). 

The union of the inner genital folds may be arrested at any stage of their — 
growth, giving rise to partial or complete hypospadias. . 

The prostate gland originally consists of two separate portions, each of which 
arises as a series of diverticular buds from the epithelial lining of the urogenital 
sinus, and which appear between the third: and fourth months. These buds 
become tubular, and form the glandular substance of the two lobes, which ulti- 
mately meet and fuse behind the urethra and also extend on to its ventral aspect. 
The third or middle lobe is formed as an extension of the lateral lobes between 
the common ejaculatory ducts and the bladder. Skene’s ducts in the female 
urethra are regarded as the analogues of the male prostatic glands. 

The glands of Cowper in the male, and of Bartholin in the female, also arise 
as diverticula from the epithelial lining of the urogenital sinus. 

The urinary bladder.—The trigone of the bladder is formed from the upper 
part of the urogenital sinus ; the remainder of the hollow viscus being developed 
from the part of the cloaca which lies above the sinus. The allantois extends 
from the summit of the bladder to the umbilicus, and usually undergoes complete 
obliteration to form the fibrous cord of the urachus. In some cases, however, 
the allantoic canal remains patent, and urine may escape by it at the umbilicus. 
If the urethra is looked upon as the remnant of the cloaca, then the bladder, 
with the exception of the trigone, must be regarded as being developed by a 
dilatation of the proximal part of the allantois. 

Ovaries and Testicles.—The first appearance of the ovaries and testicles is 
essentially the same in the two sexes, and consists in a thickening of the epithelial 
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ich lines the peritoneal or body cavity on the inner side of the Wolffian 
a this A epithelium an increase in the mesoblast takes 
place, forming a distinct projection. This is termed the genital ridge (fig. 184), 
and from it the testicle in the male, and the ovary in the female, are developed. 
At first the Wolffian body and genital ridge are suspended by a common mesentery, 
but as the embryo grows the genital ridge gradually becomes pinched off from 
the Wolffian body, with which it is at first continuous, though it still remains 
connected to the remnant of this body by a fold of peritoneum, the mesorchium 
or mesovariwm. About the seventh week the distinction of sex in the genital 
i egins to be perceptible. 
dga a nn ee tormad from the genital ridge, consists of & central part 
of connective tissue covered by a layer of epithelium, the germinal epithelrum. 
Between the cells of the germinal epithelium a number of larger cells, the primi- 
tive ova, are found, and these are carried into the subjacent stroma by budlike 
ingrowths of the germinal epithelium, the cells of which surround the primitive 


Fic. 189.—Section of the ovary of a newly born child. (Waldeyer.) 
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ova ; and in this manner the primitive Graafian follicles are formed. The remains 
of the germinal epithelium on the surface of the ovary form the permanent 
epithelial covering of this organ. According to Beard the primitive ova are 
early set apart during the segmentation of the ovum and migrate into the 
germinal ridge. 

Waldeyer taught, and for many years his views have been accepted, that the primitive 


germ-cells were derived from the ‘ germinal epithelium’ covering the genital ridge. 
Beard,” on the other hand, maintains that in the skate they are not derived from this 
epithelium, but are probably formed during the later stages of cell-cleavage, before there is 
any trace of anembryo; and a similar view was advanced by Nussbaum as to their origin 
m amphibia. Beard says: ‘At the close of segmentation many of the future germ-cells 
he in the segmentation cavity just beneath the site of the future embryo, and there is 
no doubt they subsequently wander into it.’ The germ-cells, ‘after they enter the resting 
phase, are sharply marked off from the cells of the embryo by entire absence of mitoses 
among them.’ They can be further recognised by their irregular form and amceboid-like 
processes, and by the fact that their cytoplasm has no affinity for ordinary stains, but 
assumes a brownish tinge when treated by osmic acid. The path along which they travel 
Into the embryo is a very definite one—viz. ‘from the yolk-sac upwards between the 
splanchnopleure and gut in the hinder portion of the embryo.’ This pathway, named by 
Beard the germinal path, ‘leads them directly to the position which they ought finally 
to take Up in the “ germinal ridge ” or nidus.’ A considerable number apparently never 
reach their proper destination, since ‘ vagrant germ-cells are found in all sorts of places, 
but more particularly on the mesentery.’ Some of these may possibly find their way into 


the germinal ridge ; some probably undergo atrophy, while others may persist and become 
the seat of dermoid tumours. 


ne 
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The testicle is developed in a very similar way to the ovary. Like the ovary, 
in its earliest stages it consists of a central mass of connective tissue covered by 
germinal epithelium, among which larger cells, the primitive sperm-cells, are seen. 
These are carried into the subjacent stroma by tubes of germinal epithelium, 
which form the lining of the seminiferous tubules, while the primitive sperm- 
cells form the spermatogonia. The seminiferous tubules become connected with 
outgrowths from the Wolffian body, which, as before mentioned, form the rete 
testis and vasa efferentia. 

The development of the other parts of the internal male and female organs 
has already been described. 

Descent of the Testes—The testes, at an early period of foetal life, are 
placed at the back part of the abdominal cavity, behind the peritoneum and a 
little below the kidneys. The anterior surface and sides are invested by peri- 
toneum. At about the third month of intra-uterine life a peculiar structure, 
the gubernaculum testis, makes its appearance. This structure is at first a 
slender band, extending from that part of the skin of the groin which after- 
wards forms the scrotum through the inguinal canal to the body and epididymis 
of the testicle, and is then continued upwards in front of the kidney towards 
the Diaphragm. As development advances, the peritoneum covering the testicle 


Fic. 190.—Adult ovary, parovarium, and Fallopian tube. 
(From Farre, after Kobelt.) 





a, a. Epodphoron formed from the upper part of the Wolffian body. b. Remains of the uppermost tubes sometimes 
forming hydatids. c. Middle set of tubes. d. Some lower atrophied tubes. e. Atrophied remains of the Wolffian 
duct. f. The terminal bulb or hydatid. A. The Fallopian tabe, originally the duct of Miller, # Hydatid attached 
to the extremity. l. The ovary. 


encloses it and forms a mesentery, the mesorchium, which also encloses the 
gubernaculum and forms two folds, one above the testicle and the other 
below it. The one above the testicle is the plica vascularis, and contains 
ultimately the spermatic vessels ; the one below, the plica gubernatrix, contains 
the lower part of the gubernaculum, which has now grown into a thick cord ; 
it terminates below at the internal ring in a tube of peritoneum, the processus 
vaginalis, which protrudes itself down the inguinal canal. The lower part of 
the gubernaculum by the fifth month has become a thick cord, while the upper 
part has disappeared. The lower part can now be seen. to consist of a central 
core of unstriped muscle-tibre, and outside this of a firm layer of striped elements, 
connected, behind the peritoneum, with the abdominal wall. As the scrotum 
develops, the lower end of the gubernaculum is carried with the skin to which it 
is attached to the bottom of this pouch. The fold of peritoneum, constituting the 
processus vaginalis, projects itself downwards into the inguinal canal, and emerges 
at the external abdominal ring, pushing before it a part of the internal oblique 
muscle and the aponeurosis of the external oblique, which form respectively the 
cremaster muscle and the external spermatic fascia. It forms a gradually 
elongating depression or cul-de-sac, which eventually reaches the bottom of the 
scrotum, and into this the testicle is drawn by the growth of the body of the foetus, 
for the gubernaculum does not grow commensurately with the growth of other 
parts, and therefore the testicle, being attached by the gubernaculum to the 
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bottom of the scrotum, is prevented from rising as the body grows, and is drawn 
first into the inguinal canal and eventually into the scrotum. It seems certain 
also that the gubernacular cord becomes shortened as development proceeds, and 
this assists in causing the testicle to reach the bottom of the scrotum. By the 
eighth month the testicle has reached the scrotum, preceded by the lengthened 
pouch of peritoneum, the processus vaginalis, which communicates by its upper 
extremity with the peritoneal cavity. Just before birth the upper part of the 
pouch usually becomes closed, and this obliteration extends gradually downwards 
to within a short distance of the testis. The process of peritoneum surrounding 
the testis, which is now entirely cut off. from the general peritoneal cavity, 
constitutes the tumea vaginalis.* 

In the female there is also a gubernaculum, which effects a considerable change 
in the position of the ovary, though not so extensive a change as that of the testicle 
in the male. The gubernaculum in the female, as it lies on either side in contact 
with the fundus of the uterus formed by the union of the Miillerian ducts, con- 
tracts adhesions to this organ, and thus the ovary is prevented from descending 
below this level. The remains of the gubernaculum—-that is to say, the part 
below the attachment of the cord to the uterus to its termination in the labia 
majora——ultimately forms the round ligament of the uterus. A pouch of peritoneum 
accompanies it along the inguinal canal, analogous to the processus vaginalis in 
the male: it is called the canal of Nuck. In rare cases the gubernaculum may 
fail to contract adhesions to the uterus, and then the ovary descends through 
the inguinal canal into the labia majora, extending down the canal of Nuck, and 
under these circumstances resembles in position the testicle in the male. 


Surgical Anatomy.——Abnormalities in the formation and in the descent of the testicle 
may occur. The testicle may fail to be developed : or the testicle may be fully developed, 
and the vas deferens may be undeveloped in whole or part; or again, both testicle and 
vas deferens may be fully developed, but the duct may not become connected to the 
gland. The testicle may fail in its descent, or it may descend into some abnormal 
position. Thus it may be retained in the position where it was primarily developed, 
below the kidney; or it may descend to the internal abdominal ring, but fail to pass 
through this opening; it may be retained in the inguinal canal, which is perhaps the 
most common position; or it may pass through the external abdominal ring and remain 
Just outside it, failing to pass to the bottom of the scrotum. On the other hand, it may 
get into some abnormal position : it may pass the scrotum and reach the perineum, or it 
may fail to enter the inguina] canal, and may find its way through the femoral ring into 
the crural canal, and present itself on the thigh at the saphenous opening. There is 
still a third class of cases of abnormality of the testicle, whére the organ has descended 
in due course into the scrotum, but is malplaced. The most common form of this is 
where the testicle is inverted : that is to say, the organ is rotated so that the epididymis 
18 connected to the front of the scrotum, and the body, surrounded by the tunica vaginalis, 
18 directed backwards. In these cases the vas deferens is to be felt in the front of the 
cord, The condition is of importance in connection with hydrocele and hematocele, and 
the position of the testicle should always be carefully ascertained before performing any 
Operation for these affections. Again, more rarely, the testicle may be reversed. This 
iS a Condition in which the top of the testicle, indicated by the globus major of the 
epididymis, is at the bottom of the scrotum, and the vas deferens comes off from the 
summit of the organ. Cases sometimes occur, generally in the young adult, in which 
the spermatic cord becomes twisted. In consequence of this the circulation through it 


is partially or completely arrested; if the latter, the testicle becomes gangrenous; if the 
former, it may undergo atrophy. 


The external organs of generation (fig. 191), like the internal, pass through 
a stage in which there is no distinction of sex. It is therefore necessary to 
describe this stage, and then follow the development of the female and male 
organs respectively. 
in front of the cloacal membrane an elevation appears during the sixth week. 
nus 18 named the genital eminence, and represents the rudiment of the penis 
x clitoris. It 1s bounded laterally and below by two prominent folds, termed 
F e external genital folds. By the growth of the surrounding paris the ecto- 
-Snn cloaca assumes the form of a cleft, the urogenital clefi, into which the 
irogenital sinus opens after the disappearance of the cloacal membrane: the 


hene The obliteration of the process of peritoneum which accompanies the cord, and is 
e called the funicular process, is often incomplete. See section on Inguinal Hernia. 
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margins of the cleft constitute the inner genital folds. On the lower aspect of 
the genital eminence there is seen a furrow or groove, the genital groove, which 
is continuous behind with the urogenital fissure. All these parts are well 
developed by the second month, yet no distinction of sex is possible. k 

Female Organs.—The female organs are developed by an easy transition from 
the above. The lower part of the urogenital sinus persists as the vestibule 
of the vagina and the urethra. The genital eminence forms the clitoris, the 
external genital folds the labia majora, and the inner genital folds the labia 
minora and the prepuce and frænum of the clitoris. , 

Male Organs.—In the male the changes are greater. The genital eminence is 
developed into the glans and corpora cavernosa of the penis, the glans appearing 
in the third month, and the corpora cavernosa in the fourth. The genital groove 
closes and thus forms the spongy portion of the urethra (see page 151). _ The 
bulb and corpus spongiosum of the urethra are formed by the fusion of the inner 
genital folds. The prepuce is generally described as growing forward from the 
root of the glans penis, its inner surface at first adhering to the glans and then 
becoming free. It is formed, however, by the epidermis passing in round the 
glans, so that on coronal section the epidermis presents a horse-shoe arrange- 
ment. By the breaking down of the more centrally situated cells of this 
epidermal invagination the prepuce becomes movable. ‘ Adherent prepuce is not 
an adhesion really, but a hindered central desquamation’ (Berry Hart, op. cit.). 
The external genital folds unite in the middle line to form the scrotum, at about 
the same time as the genital groove closes—viz. between the third and fourth 
month. 

The suprarenal bodies are developed from two different sources. The 
medullary part of the organ is of epiblastic origin, and is derived from the tissues 
forming the sympathetic ganglia of the abdomen, while the cortical portion is of 
mesoblastic origin, and originates’as an outgrowth from the upper part of the 
Wolffian body. The two parts are at first quite distinct, but become combined in 
the process of development. The suprarenal bodies are at first larger than the 
kidneys ; about the tenth week they equal them in size, and from that time 
decrease relatively to the kidney, though they remain, throughout foetal life, 
proportionately much larger than in the adult. 

The following table is translated from the work of Beaunis and Bouchard, 
with some alterations, especially in the earlier weeks. It will serve to present 
a résumé of the above facts in an easily accessible form.* 


~= It will be noticed that the time assigned in this table for the appearance of the first 
rudiment of some of the bones varies in some cases from that assigned in the description 


of the various bones. This is a point on which anatomists differ, and which probably 
varies in different cases. 


CHRONOLOGICAL TABLE 


THE DEVELOPMENT OF THE FŒTUS 


(MODIFIED FROM BEAUNIS AND BOUCHARD) 


eo 


First Week.—During the early part of this period the ovum is in the Fallopian tube. 
Having been fertilised in the upper part of the tube, it slowly passes down, undergoing 
segmentation, and reaches the uterus before the end of the first week. In Peter’s 
specimen, the age of which was probably from five to six days, the ovum was found 
embedded in the decidua on the posterior wall of the uterus and enveloped by a 
decidua reflexa, the central part of which, however, consisted merely of a layer of 
fibrin. The ovum was in the form of a sac, the outer wall of which consisted of a layer 
of trophoblast; inside this was a thin layer of mesoderm composed of round, oval, 
and spindle-shaped cells. Numerous villous processes—some consisting of trophoblast 
only, others possessing a core of mesoderm—projected from the surface of the ovum 
into the surrounding decidua. Inside this sac the rudiment of the embryo was found 
in the form of a patch of ectoderm, covered by a small but completely closed amnion. 
It possessed a minute yolk-sac and was surrounded by mesoderm, which was con- 
nected by a band to that lining the trophoblast. 

Second Week.—By the end of this week the ovum has increased considerably in size, and 
the decidua reflexa forms a complete fold over it. Its villi consist of a syncytial 
layer, together with the layer of Langhans, and the majority of them are vascularised. 
The embryo has assumed a definite form : its cephalic and caudal extremities are easily 
distinguished and are folded towards the yolk-sac. The primitive groove and streak 
are evident—the former terminating anteriorly in the neurenteric canal. The neural 
groove and ridges have appeared, and the rudiment of the notochord is being 
differentiated from the entoderm. The embryo is more completely separated from 
the yolk-sac; the rudimentary heart has made its appearance; the allantoic 
diverticulum extends into the body-stalk; all three layers of the blastoderm are 
present, and the paraxial mesoderm is being segmented into the protovertebra] somites. 

Third Week.—By the end of the third week the flexures of the embryo have taken place, 
so that it is strongly curved. The protovertebral somites number about thirty. In 
the nervous system the primary divisions of the brain are visible, and the primitive 
ocular and auditory vesicles are already formed. The primary circulation is esta- 
blished. The alimentary canal presents a nearly straight tube communicating with 
the yolk-sac. The branchial arches are formed and the bucco-pharyngeal membrane 
has disappeared. The limbs have appeared as short buds. The Wolffian bodies are 
visible. 

Fourth Week.—The umbilical vesicle has attained its full development. The caudal 
extremity projects. The upper and the lower limbs appear. The heart separates into 
aright and left heart. The special ganglia and anterior roots of the spinal nerves, the 
olfactory fossæ, the lungs and the pancreas can be made out. The cerebral hemi- 
spheres appear as hollow buds, and the ganglia of some of the cranial nerves are 
visible, 

Fifth Week.—The allantois is vascular in its whole extent. The first traces of the hands 
and feet can be seen. The aortic bulb divides into aorta and pulmonary artery. 
The duct of Miiller and genital gland are visible. The ossification of the clavicle 
and the lower jaw commences. The cartilage of Meckel occupies the first post-oral 
arch. The tubercles which form the rudiment of the pinna are visible. The 
rudiment of the penis or clitoris, in the form of the genital tubercle, is present. 

Siath Week.—The activity of the umbilical vesicle ceases. The pharyngeal clefts dis- 
appear. The vertebral column, primitive cranium, and ribs assume the cartilaginous 
condition. The posterior roots of the nerves, the membranes of the nervous centres, 
the bladder, kidney, tongue, larynx, thyroid body, and the germs of teeth are apparent. 

Seventh Week.—The muscles begin to be perceptible. The points of ossification of the 
ribs, scapula, shaft of humerus, femur, tibia, palate, and upper jaw appear. 


158 CHRONOLOGICAL TABLE 

Eighth Week.—The distinction of arm and forearm, and of thigh and leg, is apparent, as 

” well as the interdigital clefts. The capsule of the lens and pupillary membrane, the 

interventricular and commencement of the interauricular septum, the salivary glands, 

the spleen and suprarenal capsules are distinguishable. The larynx begins to become 

cartilaginous. All the vertebral bodies are cartilaginous, The points of ossification 

for the ulna, radius, fibula, and ilium make their appearance. The two halves of 

the hard palate unite. The sympathetic nerves are now for the first time to be 
discerned. 

Ninth Week.~-The corpus striatum and the pericardium are first apparent. The ovary 
and testicle can be distinguished from each other. The genital furrow appears. The 
osseous nuclei of the bodies and arches of the vertebrx, of the frontal, vomer, and 
malar bones, of the shafts of the metacarpal and metatarsal bones, and of the 
phalanges appear. The union of the hard palate is completed. The gall-bladder is 
seen. 

Third Month.— The formation of the foetal placenta advances rapidly. The projection of the 
caudal extremity disappears. It is possible to distinguish the male and female organs 
from each other. The Cloacal aperture is divided into two parts. The cartilaginous 
arches on the dorsal region of the spine close. The points of ossification for the 
lachrymal, nasal, squamous portion of temporal and ischium appear, as well as 
the orbital centre of the superior maxillary. The pons Varolii and fissure of Sylvius 
can be made out. The eyelids, the hair, and the nails begin to form. The 
mammary gland, the epiglottis, and prostate are beginning to develop.The union 
of the testicle with the canals of the Wolffian body takes place. By the end of 
this month the length of the foetus is about 7 cm., but if the legs be included 
it is from 9 to 10 cm. 

Fourth Month.—The closure of the cartilaginous arches of the spine is complete. 
Osseous points for the first sacral vertebra and os pubis appear. The ossification of the 
malleus and incus takes place. The corpus callosum, the membrana lamina spiralis, 
the cartilage of the Eustachian tube, and the tympanic ring are seen. Fat is first 
developed in the subcutaneous cellular tissue. The tonsils are seen, and the closure 
of the genital furrow and the formation of the scrotum and prepuce take place. By 
the end of the fourth month the foetus is from 12 to 13 cm. in length, but if the 
legs be included it is from 16 to 20 cm. 

Fifth Month.—The two layers of the decidua begin to coalesce. Osseous nuclei of the 
axis and odontoid process, of the lateral points of the first sacral vertebra, of the median 
points of the second, and of the lateral masses of the ethmoid make their appearance. 
Ossification of the stapes and the petrous bone, and ossification of the germs of the 
teeth, take place. The germs of the permanent teeth and the organ of Corti appear, 
The eruption of hair on the head commences. The sudoriferous glands, Brunner’s 
glands, the follicles of the tonsil and base of the tongue, and the lymphatic glands 
appear at this period. The differentiation between the uterus and vagina becomes 
apparent. By the end of this month the total length of the fœtus, including the legs, 
is from 25 to 27 em. 

Sixth Month.—The points of ossification for the anterior root of the transverse process 
of the seventh cervical vertebra, the lateral points of the second cervical vertebra, the 
median points of the third, the manubrium sterni and the os calcis appear. The 
sacio-vertebral angle forms. The cerebral hemispheres cover the cerebellum. The 
papille of the skin, the sebaceous glands, and Peyer’s patches make their appearance. 
The free border of the nail projects from the corium of the dermis. The walls of the 
uterus thicken. Measured from vertex to heels, the total length of the foetus at 
the end of this month is from 30 to 32 cm. 

Seventh Month.—The additional points of the first sacral vertebra, the lateral points of 
the third, the median point of the fourth, the first osseous point of the body of the 
sternum, and the osseous point for the astragalus appear. Meckel’s cartilage dis- 
appears. The cerebral convolutions, the island of Reil, and the tubercula quadrigemina 
are apparent. The pupillary membrane atrophies. The testicle passes into the 
vaginal process of the peritoneum. From vertex to heels the total length at the end 
of the ae cot ant is from 35 to 36 cm., i.e. about 14 in. Its weight is a little 
over 3 lbs. 

Eighth Month.—Additional points for the second sacral vertebra, lateral points for the 
fourth, and median points for the fifth sacral vertebre can be seen. The total length, 
ie. from head to heels, at the end of the eighth month is about 40 em. (16 in.), and 

_ lts weight varies between 44 and 5} Ibs. 
Ninth Month.—Additional points for the third sacral vertebra, lateral points for the fifth, 
osseous points for the middle turbinated bone, for the body and great cornu of the 
hyoid, for the second and third pieces of the body of the sternum, and for the lower 
end of the femur appear. Ossification of the bony lamina spiralis and axis of the 
cochlea takes place. The eyelids open, and the testicles are in the scrotum. At full 
tune the foetus weighs from 64 to 8 Ibs., and measures from head to heels about 
50 em. (20 in.). 


DESCRIPTIVE AND SURGICAL 
ANATOMY 


mia aes 


OSTHOLOGY 


THE SKELETON 


HE term skeleton, in its widest application, includes the bones, cartilages, and 

ligaments of the body; it is, however, generally uscd to indicate only the 
bony framework. 

The entire skeleton in the adult consists of 200 distinct bones. These are— 


The Spine or vertebral column (sacrum and coceyx included). 26 


OPM ks lk lt el el lw ww! 8 
ge ee 2 
Hyoid bone, sternum, and ribs . ........ . . 26 
Mmerextremities. . ...-..2.+.2.2.2..24+4.,. 64 
Lower extremities. . . a . - e « « «© © «© «© « o . 62 

200 


In this emuneration the patellee are included as separate bones, but the smaller 
sesamoid bones, and the ossicula auditis, are not reckoned. The teeth belong 
to the tegumentary system. 

These bones are divisible into four classes: Long, Short, Flat, and Irregular. 

The Long Bones are found in the limbs, where they form a system of levers 
which have to sustain the weight of the trunk, and to confer the power of 
locomotion. A Jong bone consists of a shaft and two extremities. The shaft is 
a hollow cylinder, contracted and narrowed to afford greater space for the bellies 
of the muscles ; the walls consist of dense, compact tissue of great thickness in 
the middle, but becoming thinner towards the extremities ; the cancellous tissue 
is scanty, and the bone is hollowed out in its interior to form the medullary canal. 
The extrenvities are generally somewhat expanded, for greater convenience of 
mutual connection, for the purposes of articulation, and to afford a broad surface 
for muscular attachment. Here the bone is made up of cancellous tissue with 
only a thin coating of compact substance. The medullary canal and the spaces 
in the cancellous tissue are filled with marrow. The long bones are not straight, 
but curved; the curve generally.taking place in two directions, thus affording 
greater strength to the bone. The bones belonging to this class are: the clavicle, 
humerus, radius, ulna, femur, tibia, fibula, metacarpal and metatarsal bones, and 
the phalanges. 

Short Bones.— Where a part of the skeleton is intended for strength and com- 
pactness, and its motion is at the same time slight and limited, it is divided into 
a number of small pieces united together by ligaments, and the separate bones 
are short and compressed, such as those of the carpus and tarsus. ‘These bones, 
in their structure, are spongy throughout, excepting at their surface, where there 
is a thin crust of compact substance. The patellg, together with the other 
sesamoid bones, are by some regarded as short bones. 

Flat Bones.— Where the principal requirement is either extensive protection 
or the provision of broad surfaces for muscular attachment, the osseous structure 
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is expanded into broad, flat plates, as in the bones of the skull and the shoulder- 
blade. These bones are composed of two thin layers of compact tissue enclosing 
between them a variable quantity of cancellous tissue. In the cranial bones, these 
layers of compact tissue are familiarly known as the tables of the skull; the 
outer one is thick and tough; the inner one thinner, denser, and more brittle, 
and hence termed the vitreous table. The intervening cancellous tissue is called 
the diploé, and this, in certain regions of the skull, becomes absorbed so as to leave 
spaces filled with air (air-sinuses) between the two tables. The flat bones are : 
the occipital, parietal, frontal, nasal, lachrymal, vomer, scapula, os umnominatum, 
sternum, ribs, and, according to some, the patella. 

The Irregular or Mixed Bones are such as, from their peculiar form, cannot 
be grouped under either of the preceding heads. Their structure is similar to 
that of other bones, consisting of a layer of compact tissue externally, and of 
cancellous tissue within. The irregular bones are: the vertebre, sacrum, coccyz, 
temporal, sphenoid, ethmoid, malar, superior maxillary, inferior maxillary, palate, 
inferior turbinated, and hyovd. l | 

Surfaces of Bones.—If the surface of any bone is examined, certain eminences 
and depressions are seen, to which descriptive anatomists have given the 
following names. 

These eminences and depressions are of two kinds: articular and non- 
articular. Well-marked examples of articular eminences are found in the heads 
of the humerus and femur; and of articular depressions, in the glenoid cavity 
of the scapula, and the acetabulum. Non-articular eminences are designated 
according to their form. Thus, a broad, rough, uneven elevation is called a 
tuberosity, protuberance, or process; a small, rough prominence, a tubercle; a 
sharp, slender, pointed eminence, a spine; a narrow, rough elevation, running 
some way along the surface, a ridge, crest, or line. 

The non-articular depressions are also of very variable form, and are described 
as foss@, pits, depressions, grooves, furrows, fissures, notches, &e. These non- 
articular eminences and depressions serve to increase the extent of surface for the 
attachment of ligaments and muscles, and are usually well marked in proportion 
to the muscularity of the subject. 

A prominent process projecting from the surface of a bone, which it has 
never been separate from or movable upon, is termed an apophysis (from 
aropvors, an excrescence); but if such process is developed as a separate piece 
from the rest of the bone, to which it is afterwards joined, it is termed an 
epiphysis (from éripvors, an accretion). The main part of the bone, or shaft, which 
is formed from the primary centre of ossification, is termed the diaphysis, and is 
separated, during growth, from the epiphysis by a layer of cartilage, at which 
growth in length of the bone takes place. 

Bones are often traversed by canals or foramina, not only for the entrance 
of nutrient vessels into their interior, but also for the transmission of vessels and 
nerves from one part to another. 

In deseribing the various surfaces or aspects of a bone, or indeed of any other 
structure, the body is supposed to be in the erect position. Any surface, extremity, 
or other part directed upwards towards the head is termed superior, while those 
directed downwards towards the feet are termed inferior. Surfaces directed 
forwards towards the front of the body are termed anterior or ventral, while those 
directed backwards are posterior or dorsal. Those surfaces which are directed 
towards a median, antero-posterior, vertical plane are termed internal or mesial, 
while those directed away from this plane are external or lateral. 

The minute structure, growth, and composition of bone are described on 
pages 25 and 28, 


THE SPINE 


The Spine is a flexuous and flexible column, formed of a series of bones called 
vertebre (from vertere, to turn). 

The Vertebre are thirty-three in number, and have received the names cervical, 
thoracic or dorsal, lumbar, sacral, and coccygeal, according to the position which 
they occupy; seven being found in the cervical region, twelve in the thoracic, 
five in the lumbar, five in the sacral, and four in the coccygeal. 

This number is sometimes increased by an additional vertebra in one region, 
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or the number may be diminished in one region, the deficiency being supplied 
by an additional vertebra in another. These observations do not apply to the 
cervical portion of the spine, the number of bones forming which is seldom 
increased or diminished. 

The Vertebre in the upper three regions of the spine are separate throughout 
the whole of life; but those found in the sacral and coccygeal regions are in the 
adult firmly united, so as to form two bones—five entering into the formation 
of the upper bone or sacrum, and four into the terminal bone of the spine or 
COCCYx. 

GENERAL CHARACTERS OF A VERTEBRA 


Each vertebra consists of two essential parts—an anterior solid segment, the 
body or centrum, and a posterior segment, the neural arch. The archis formed of 
two pedicles, and two lamine, which with the body form the vertebral foramen ; 
they support seven processes—viz. four articular, two transverse, and one spinous. 

The bodies of the vertebre are piled one upon the other, forming a strong pillar, 
for the support of the cranium and trunk; the arches form a hollow cylinder 
behind the bodies for the protection of the spinal cord. The different vertebræ 
are connected together by means of the articular processes and the intervertebral 
fibro-cartilages ; while the transverse and spinous processes serve as levers for 
the attachment of muscles which move the different parts of the spine. Lastly, 
between each pair of vertebra apertures exist through which the spinal nerves 
pass from the cord. Hach of these constituent parts must now be separately 
examined. 

The Body or centrum is the largest part of a vertebra. It forms a segment 
of a solid column for the support of the trunk. Above and below, it is flattened ; 
its upper and lower surfaces are rough, for the attachment of the intervertebral 
fibro-cartilages, and present a rim around their circumference. In front, it is 
convex from side to side, concave from above downwards. Behind, it is flat 
from above downwards and slightly concave from side to side. Its anterior 
surface is perforated by a few small apertures, for the passage of nutrient vessels ; 
while on the posterior surface is a single large, irregular aperture, or occasionally 
more than one, for the exit of veins from the body of the vertebra—the vene basis 
vertebra. 

The Pedicles are two short, thick processes of bone, which project backwards, 
one on each side, from the upper part of the body of the vertebra, at the line of 
junction of its posterior and lateral surfaces. The concavities above and below 
the pedicles are the intervertebral notches ; they are four in number, two on 
each side, the inferior ones being generally the deeper. When the vertebra are 
articulated, the notches of each contiguous pair of bones form the intervertebral 
foramina, which communicate with the spinal canal and transmit the spinal 
nerves and blood-vessels. 

The Lamine are two broad plates of bone which are connected to the body 
by the pedicles. They fuse in the middle line posteriorly, and so complete the 
vertebral foramen, which serves for the lodgment and protection of the spinal 
cord. Their upper borders and the lower part of their anterior surfaces are rough 
for the attachment of the ligamenta subflava. i 

The Spinous Process projects backwards from the junction of the two laminæ, 
and serves for the attachment of muscles and ligaments. 

The Articular Processes, four in number, two on each side, spring from the 
junction of the pedicles with the lamina. The two superior project upwards, 
their articular surfaces being directed more or less backwards ; the two inferior 
project downwards, their articular surfaces looking more or less forwards.* 

The Transverse Processes, two in number, project one at each side from the 
point where the lamina joins the pedicle, between the superior and inferior 
articular processes. They serve for the attachment of muscles and ligaments. 


CHARACTERS OF THE CERVICAL VERTEBR® (fig. 192) 


The Cervical Vertebre are smaller than those in the other regions of the 
spine, and may readily be distinguished by a foramen in the transverse process, 


.* It may, perhaps, be as well to remind the reader that the direction of a surface is 
determined by that of a line drawn at right angles to it. x 
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which does not exist in the transverse process of either the dorsal or lumbar 
enhe Body is small, comparatively dense, and broader from side to side than 
from before backwards. The anterior and posterior surfaces are flattened and of 
equal depth ; the former is placed on a lower level than the latter, and its inferior 
border is prolonged downwards, so as to overlap the upper and fore part of the 
vertebra below. Its upper surface is concave transversely, and presents @ pro- 
jecting lip on each side ; its lower surface is convex from side to side, concave 
from before backwards, and presents laterally a shallow concavity, which receives 
the corresponding projecting lip of the adjacent vertebra. The pedicles are 
directed outwards and backwards, and are attached to the body midway between 
the upper and lower borders, so that the superior intervertebral! notch is as deep 
as the inferior, but it is, at the same time, narrower. The lamine are narrow, 
long, thinner above than below ; they enclose the spinal foramen, which is large, 
and of a triangular form. The spinous process is short, and bifid at the 
extremity to afford greater extent of surface for the attachment of muscles, the 
two divisions being often of unequal size. They increase in length from the 
fourth to the seventh. The articular processes are flat, oblique, and of an oval 
form : the superior are directed backwards and upwards; the inferior forwards 
and downwards. The transverse processes are short, directed obliquely out- 
wards and forwards, bifid at their extremity, and marked by a groove along their 


Fig. 192.—A cervical vertebra. 
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upper surface, which runs downwards and outwards from the superior inter- 
vertebral notch, and serves for the transmission of one of the cervical nerves. 
They are situated in front of the articular processes and on the outer side of the 
pedicles, and are pierced at their base by a foramen, the Joramen transversarium 
or vertebrarterial foramen, for the transmission of the vertebral artery, vein, and 
plexus of nerves. Hach process is formed by two roots: the anterior root, some- 
times called the costal process, arises from the side of the body, and is the homo- 
logue of the rib in the dorsal region of the spine ; the posterior root Springs from 
the Junction of the pedicle with the lamina, and corresponds with the transverse 
process in the dorsal region. It is by the junction of the two that the foramen 
for the vertebral vessels is formed. The extremity of each of these roots forms 
the anterior and posterior tubercles of the transverse processes.” 

The peculiar vertebre in the cervical region are the first, or Atlas; the second, 
or Axis; and the seventh, or Vertebra prominens. The great modifications in the 
form of the atlas and axis are designed to admit of the nodding and rotatory 
movements of the head. 

a ie (fig. 193) is so named because it supports the globe of the head. 
chiet peculiarities of this bone are that it has neither body nor spinous 


H “ane anterior tubercle of the transverse process of the sixth cervical vertebra is of 
a D 18 sometimes known as ‘ Chassaignac’s’ or the ‘ carotid tubercle.’ It is in 
Se relation with the carotid artery, which lies in front and a little external to it : 80 


that, as was first ointed ‘ . 
« h 9 $ a 
Pe asit, p ut by Chassaignaz, the vessel can with = be compressed 
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process. The body is detached from the rest of the bone, and forms the odontoid 
process of the second vertebra. The atlas is ring-like, and consists of an anterior 
arch, a posterior arch, and two lateral masses. The anterior arch forms about 
one-fifth of the ring: its anterior surface is convex, and presents about its centre 
a tubercle, for the attachment of the Longus colli muscle ; posteriorly it is con- 
cave, and marked by a smooth, oval or circular facet, for articulation with the 
odontoid process of the axis. The upper and lower borders respectively give 
attachment to the anterior occipito-atlantal and the anterior dil ial liga- 
ments; the former connects it with the occipital bone above and the latter with 
the axis below. The posterior arch forms about two-fifths of the circumference 
of the bone: it terminates behind in a tubercle, which is the rudiment of a 
spinous process, and gives origin to the Rectus capitis posticus minor. ‘The 
diminutive size of this process prevents any interference in the movements 
between the atlas and the cranium. The posterior part of the arch presents 
above and behind a rounded edge for the attachment of the posterior occipito- 
atlantal ligament, while in front, immediately behind each superior articular 
process, is a groove, sometimes converted into a foramen by a delicate bony 
spiculum which arches backwards from the posterior extremity of the superior 
articular process. These grooves represent the superior intervertebral notches, 
and are peculiar from being situated behind the articular processes, instead of in 
front of them. They serve for the transmission of the vertebral artery, which, 


FIG. 193.—First cervical vertebra, or Atlas. 
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ascending through the foramen in the transverse process, winds round the lateral 
mass in a direction backwards and inwards. They also transmit the suboccipital 
(first spinal) nerve. On the under surface of the posterior arch, in the same 
situation, are two other grooves, placed behind the lateral masses, and repre- 
senting the inferior intervertebral notches of other vertebrw. They are much less 
marked than the superior. The lower border gives attachment to the posterior 
atlanto-axial ligament, which connects it with the axis. The lateral masses are 
the most bulky and solid parts of the atlas, in order to support the weight of the 
head: they present two articulating processes above, and two below. The two 
superior are of large size, oval, concave, and approach each other in front, but 
diverge behind : they are directed upwards, inwards, and a little backwards, each 
forming a kind of cup for the corresponding condyle of the occipital bone, and 
are admirably adapted to the nodding movements of the head. Not infrequently 
they are partially subdivided by a more or less deep indentation which encroaches 
upon each lateral margin. The inferior articular processes are circular in form, 
flattened or slightly concave and directed downwards and inwards, articulating 
with the axis, and permitting the rotatory movements of the head. Just below 
the inner margin of each superior articular surface is a small tubercle, for the 
attachment of the transverse ligament which, stretching across the ring of the 
atlas, divides it into two unequal parts—the anterior or smaller segment receiving 
the odontoid process of the axis, the posterior allowing the transmission of the 
spinal cord and its membranes. This part of the spinal canal is of considerable 
size, to afford space for the spinal cord; and hence lateral displacement of the 
M2 
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atlas may occur without compression of this structure. The transverse processes 
are of large size, project directly outwards and downwards from the lateral 
masses, and serve for the attachment of special muscles which assist in rotating 
the head. They are long, and do not present an anterior and posterior tubercle, 
which have become fused into one mass; they are perforated at their base by a 
foramen for the vertebral artery, which is directed from below, upwards and 
backwards. l i 

The Axis (fig. 194) is so named from forming the pivot upon which the first 
vertebra, carrying the head, rotates. The most distinctive character of this bone 
is the strong, prominent process, tooth-like in form (hence the name odontoid), 
which rises perpendicularly from the upper surface of the body. The body is 
deeper in front than behind, and prolonged downwards anteriorly so as to over- 
lap the upper and fore part of the next vertebra. It presents in front a median 
longitudinal ridge, separating two lateral depressions for the attachment of the 
Longus colli muscle of either side. The odontoid process presents two articulating 
surfaces: one in front, of an oval form, for articulation with the atlas; another 
behind for the transverse ligament—the latter frequently encroaching on the 
sides of the process. The apex is pointed, and gives attachment to the middle 
odontoid or check ligament. Below the apex, the process is somewhat enlarged 
and presents on either side a rough impression for the attachment of the lateral 


Fic. 194.—Second cervical vertebra, or Axis. 
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odontoid or check ligaments, which connect it to the occipital bone; the base of 
the process, where it is attached to the body, is constricted, so as to prevent 
displacement from the transverse ligament, which binds it in this situation to the 
anterior arch of the atlas. Sometimes, however, this process does become dis- 
placed, especially in children, in whom the ligaments are more relaxed : instant 
death is the result of this accident. The internal structure of the odontoid 
process 18 more compact than that of the body. The pedicles are broad and 
strong, especially their anterior extremities, which coalesce with the sides of the 
body and the root of the odontoid process. They are covered above by the 
superior articulating surfaces. The lamine are thick and strong, and the spinal 
foramen large, but smaller than that of the atlas. The transverse processes are 
very small, not bifid, but terminating in a single tubercle ; they are perforated 
by the foramen for the vertebral artery, which is directed obliquely upwards and 
outwards. The superior articular surfaces are round, slightly convex, directed 
upwards and outwards, and are peculiar in being supported on the body, 
pedicles, and transverse processes. The inferior articular surfaces have the 
same direction as those of the other cervical vertebrae. The superior inter- 
vertebral notches are very shallow, and lie behind the articular processes ; the 
i in front of them, as in the other cervical vertebre. The spinous process 
is of large size, very strong, deeply channelled on its under surface, and presents 


a bifid, tubercular extremity for the attachment of muscles which serve to rotate 
the head upon the spine, 
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Seventh Cervical (fig. 195).—The most distinctive character of this vertebra is 
the existence of a long and prominent spinous process ; hence the name ‘ vertebra 


prominens. This process is 
thick, nearly horizontal in di- 
rection, not bifurcated, but ter- 
minating in a tubercle, which 
has attached to it the lower end 
of the ligamentum nuchæ. The 
transverse process is of consider- 
able size, its posterior tubercles 
are large and prominent, while 
the anterior are small and faintly 
marked ; its upper surface has 
usually a shallow groove, and 
it seldom presents more than a 
trace of bifureation at its ex- 
tremity. The foramen in the 
transverse process 1s sometimes 
as large as in the other cervi- 
cal vertebre, but is generally 
smaller on one or both sides, 
and sometimes wanting. On 
the left side it occasionally gives 
passage to the vertebral artery ; 
more frequently the vertebral 
veln traverses it on both sides ; 
but the usual arrangement is for 
both artery and vein to pass in 


Fig. 195.—Seventh cervical vertebra, or 
vertcbra prominens. 
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front of the transverse process, and not through the foramen. Sometimes the 
anterior root of the transverse process exists as a separate hone, and attains a 


large size. It is then known as a ‘ cervical rib.’ 


CHARACTERS OF THE THORACIC OR Dorsau VERTEBRE 


The Dorsal Vertebre (fig. 196) ave intermediate in size hetween those in 
the cervical and those in the lumbar region, and increase in size from above 


Fic. 196.—A dorsal vertebra. 
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downwards, the upper vertebræ being much smaller than those in the lower part 
of the region. The dorsal vertebre may be at once recognised by the presence 
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of one or more facets or half-facets on the sides of the body for the heads of 
ribs. 

ne The bodies of the dorsal vertebre resemble those in the cervical and lumbar 

regions at the respective ends of this portion of the spine; but in the middle of 

the dorsal region their form is very characteristic, being heart-shaped, and as 

broad in the antero-posterior as in the lateral direction. They are slightly thicker 

behind than in front, flat above and below, convex and prominent in front, deeply 


Fic. 197.—Peculiar dorsal vertebra. 
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ae behind, slightly constricted laterally and in front, and marked on each 

e, near the root of the pedicle, by two demi-facets, one above, the other below. 
ey ~ covered with cartilage in the recent state, and, when the vertebræ are 
ae y with one another, fornt, with the intervening fibro-cartilages, oval 
Ae bed ba the reception of the heads of the corresponding ribs. The pedicles are 
eae ackwards and slightly upwards, and the inferior intervertebral notches 

of large size, and deeper than in any other region of the spine. The laming 
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ure’ broad, thick, and imbricated—that is to say, they overlap one another like 
tiles ona roof. The spinal foramen is small, and of a circular form. The spinous 
process is long, triangular on transverse ‘section, directed obliquely downwards, 
and terminates in a tubercular extremity. These processes overlap one another 
from the fifth to the eighth, but are less oblique in direction above and below. 
The articular processes are flat, nearly vertical in direction, and project from the 
upper and lower parts of the pedicles; the superior being directed backwards 
and little outwards and upwards, the inferior forwards and a little inwards and 
downwards. The transverse processes arise from the same parts of the arch 
as the posterior roots of the transverse processes in the neck, and are situated 
behind the articular processes and pedicles ; they are thick, strong, and of con- 
siderable length, directed obliquely backwards and outwards, and present a clubbed 
extremity, which is tipped on its anterior part by a small, eoncave surface, for 
articulation with the tubercle of a rib. Besides the articular facet for the rib, 
three indistinct tubercles may be seen rising from the transverse processes of 
the lower three or four dorsal vertebra, one at the upper border, one at the 
lower border, and one externally. In man, they are comparatively small in size, 
and serve only for the attachment of muscles. But in some animals they 
attain considerable magnitude, either for the purpose of more closely connecting 
the segments of this portion of the spine, or for muscular and ligamentous 
attachment. 

r The pe dorsal vertebræ are the first, ninth, tenth, eleventh, and twelfth 

. 197). 

She First Dorsal Vertebra presents, on each side of the body, a single entire 
wrticular facet for the head of the first rib, and a half-facet for the upper half of 
the second, The body is like that of a cervical vertebra, being broad transversely ; 
its upper surface is concave, and lipped on each side. The superior articular 
surfaces are oblique, directed upwards and backwards, but not outwards; the 
SpLNOWS prosas: thick, long, and almost horizontal, The transverse processes are 
long, and the upper intervertebral notch deeper than in the other vertebræ of this 
series. 

The Ninth Dorsal has no demi-facet below. In some subjects, however, the 
ninth has two demi-facets on each side; when this occurs the tenth has only a 
demi-facet at the upper part. l 

The Tenth Dorsal has (except in the cases just mentioned) an entire articular 
facet on each side above, which is partly placed on the outer surface of the 
pedicle. It has no demi-facet below. l 

In the Eleventh Dorsal, the body approaches in its form and size to the 
lumbar. The articular facets for the heads of the ribs, one on each side, are of 
large size, and placed chiefly on the pedicles, which are thicker and stronger in 
this and the next vertebra than in any other part of the dorsal region. The 
spinous process is short, and nearly horizontal in direction. The transverse 
processes are very short, tubercular at their extremities, and have no articular 
facets for the tubercles of the ribs. 

The Twelfth Dorsal has the same general characters as the eleventh, but 
may be distinguished from it by the inferior articular processes being convex and 
turned outwards, like those of the lumbar vertebre; by the general form of the 
body, laminw, and spinous process, approaching to that of the lumbar vertebre ; 
and by the transverse processes being subdivided into three elevations, the 
superior, inferior, and external tubercles, which correspond to the mammillary, 
accessory, and transverse processes of the lumbar vertebre. Traces of similar 
elevations are found on the tenth and eleventh dorsal vertebrae (vide ut supra). 


CHARACTERS OF THE LUMBAR VERTEBRA 


The Lumbar Vertebra@ (fig. 198) ave the largest segments of the movable part 
of the vertebral column, and can at once be distinguished by the absence ot the 
foramen in the transverse process, the characteristic feature of the cervical 
vertebræ, and by their not having any articulating facet on the side of the body, 
the distinguishing mark of the dorsal vertebræ. l l 

The body is large, and has a greater diameter from side to side than from 
before backwards, a little thicker in front than behind, flattened or slightly con- 
cave above and below, concave behind, and deeply constricted in front and at the 
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enting prominent margins, which afford a broad basis for the support 
i peermedia weight. The pedicles are very strong, directed backwards 
from the upper part of the bodies ; consequently, the inferior intervertebral notches 
are of considerable depth. The lamine are broad, short, and strong ; and the 
spinal foramen triangular, larger than in the dorsal, but smaller than in the 


Fie. 198.—Lumbar vertebra. 





cervical, region. The spinows process is thick and broad, somewhat quadrilateral, 
projecting backwards, thicker below than above, and terminating in a rough, 
uneven border. The superior articular processes are concave, and look backwards 
and inwards; the inferior, convex, look forwards and outwards; the former are 
separated! by a much wider interval than the latter, and embrace the lower 


Frc. 199.—Lumbar vertebra. 







Inf. articular 


rocess 
Costal process f 


Mammillary process 


Accessory process 


Sup. articular process 


Sith, 





Bre Pe H A Re re 
ES Bly ¢ lay NSS eS 
E IAAT Ws 
N By Cae t ed SS 
= wr y N 2 
E SY 3 ù 

~ 


—-— 


~ 
ma 












articulating processes of the vertebra above. The transverse processes are long, 
aan directed transversely outwards in the upper three lumbar vertebræ, slanting 
i. Ittle upwards in the lower two. In the upper vertebre of the series they arise 
rom the junction of the pedicle and the lamina, but as they descend they 
appear to advance and arise from the pedicle and posterior part of the body 
of the vertebra, They are situated in front of the articular processes instead 
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of behind them as in the dorsal vertebre, and are homologous with the ribs. 
Of the three tubercles noticed in connection with the transverse processes of 
the lower dorsal vertebra, the superior one becomes connected in this region 
with the back part of the superior articular process, and has received the 
name of mammillary process; the inferior is represented by a small process 
pointing downwards, situated at the back part of the base of the transverse 
process, and called the accessory process—this is the true transverse process, 
which is rudimental in this region of the spine; the external one, the so-called 
transverse process, 1s the homologue of the rib, and hence is sometimes called 
the costal process (fig. 199). Although in man these are comparatively small, in 
some animals they attain considerable size, and serve to lock the vertebre 
more closely together. 

The Fifth Lumbar vertebra is characterised by having the body much thicker 
in front than behind, which accords with the prominence of the sacro-vertebral 
articulation ; by the smaller size of its spinous process; by the wide interval 
between the inferior articulating processes ; and by the greater size and thickness 
of Pons transverse processes, which spring from the body as well as from the 

edicles. 

F Structure of the Vertebræ.—The body is composed of light, spongy, cancellous 
tissue, having a thin coating of compact tissue on its external surface perforated 
by numerous orifices, some of large size, for the passage of vessels ; its interior 
is traversed by one or two large canals, for the reception of veins, which converge 
towards a single large, irregular aperture, or several small apertures, at the 
posterior part of the body of each bone. The arch and processes projecting from 
it have, on the contrary, a thick covering of compact tissue. 

Development.— Each vertebra, is formed of four primary centres of ossification 
(fig. 200), one for each lamina and its processes, and two for the body.* Ossifica- 
tion commences in the lamine of the upper cervical vertebrae about the sixth 
week of foetal life, the date becoming gradually later as one passes down the 
column. The ossific granules first appear in the. situation where the transverse 
processes afterwards project, and spread backwards to the spine, forwards into 
the pedicles, and outwards into the transverse and articular processes. Ossifica- 
tion in the body commences in the centre of the cartilage about the eighth 
week in the mid-dorsal region, and from there subsequently extends upwards 
and downwards along the column. The ossific granules form two closely 
approximated centres, which speedily coalesce to form one ossific point. At 
birth these three pieces are perfectly separate. It is important to note that a 
portion of the postero-lateral aspect of the body is formed from the centre of the 
neural arch, and the line of junction of the body and arch (neuro-central synchon- 
drosis) encroaches on the former. It therefore follows that, in the dorsal region, 
the facets for the heads of the ribs lie behind the neuro-central synchondrosis 
and are ossified from the centres for the neural arch. During the first year the 
laminz become united behind, the union taking place first in the lumbar region 
and then extending upwards through the dorsal and lower cervical regions. 
About the third year the bodies of the upper cervical vertebre become joined to 
the arch on each side, and the junction takes place from above downwards, but 
is not completed in the lower lumbar vertebree until the sixth year. Before 
puberty, no other changes occur, excepting a gradual increase in the growth of 
these primary centres ; the upper and under surfaces of the bodies, and the ends 
of the transverse and spinous processes, being tipped with cartilage, in which 
ossific granules are not as yet deposited. About the sixteenth year (fig. zor), five 
secondary centres appear, one for the tip of each transverse process, one for the 
extremity of the spinous process; and two epiphysial plates, one for the upper 
and the other for the lower surface of the body (fig. 202). These fuse with the 
rest of the bone about the age of five-and-twenty. l 

Exceptions to this mode of development occur in the first, second, and 
seventh cervical vertebræ, and in those of the lumbar region. 


* By many observers it is asserted that the bodies of the vertebræ are developed from 
a single centre which speedily becomes bilobed, so as to give the appearance of two nuclei ; 
but that there are two centres, at all events sometimes, is evidenced by the fact that the 
two halves of the body of the vertebra may remain distinct throughout life, and be 
separated by a fissure through which a protrusion of the spinal membranes may take 
place, constituting an anterior spina bifida, 


a OSTEOLOGY 


The Atlas (fig. 203).—The atlas is usually ossified from three centres. 


Two of 


these are destined for the lateral masses, the ossification of which commences 


Fig. 200.—-Development of a vertebra. 
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Fic. 203.—Atlas. 
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Fic. 205.—Lumbar vertebra. 
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about the seventh week of foetal life 
near the articular processes, and 
extends backwards; at birth, these 
portions of bone are separated from 
one another behind by a narrow 
interval filled with cartilage. Be- 
tween the third and fourth years 
they unite either directly or through 
the medium of a separate centre, 
developed in the cartilage in the 
middle line. The anterior arch, at 
birth, is altogether cartilaginous and 
consists of the hypochordal brace 
or bar (see page 96), which persists 
in the case of the atlas; in this m 
separate nucleus appears about the 
end of the first year after birth, and 
joins the lateral masses from the 
sixth to the eighth year after birth— 
their line of union extending across 
the anterior portions of the superior 
articular facets. Sometimes there 
are two nuclei developed in the. 
cartilage, one on either side of 
the median line, which join to 
form a single mass. Occasionally 
there is no separate centre, the 
anterior arch being formed by the 
gradual extension forwards and 
ultimate junction of the two lateral 
masses. 

The Axis (fig. 204) is developed 
by five primary and two secondary 
centres. The body and arch of 
this bone are formed in the same 
manner as the corresponding parts 
in the other vertebre ; one centre 
(or two, which speedily coalesce) 
for the lower part of the body, and 
one for each lamina. The centres 
for the lamine appear about the 
seventh or eighth week, that for 
the body about the fourth month. 
The odontoid process consists ori- 
ginally of an extension upwards of 
the cartilaginous mass, in which the 
lower part of the body is formed. 
At about the sixth month of foetal 
life, two osseous nuclei make their 
appearance in the base of this pro- 
cess: they are placed laterally, and 
join before birth to form a conical 
bilobed mass deeply cleft above; 
the interval between the cleft and 
the summit of the process is formed 
by a wedge-shaped piece of carti- 
lage. The base of the process is 
separated from the body by a 


cartilaginous interval, which gradually becomes ossified at its circumference, 


ut remains cartilaginous in its centre until 


advanced age.* In this cartilage, 


23 See Cunningham, Journ. Anat, vol. XX, p. 238. 
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rudiments of the lower epiphysial lamella of the atlas and the upper epiphysial 
lamella of the axis may sometimes be found. Finally, as Humphry has demon- 
strated, the apex of the odontoid process has a separate nucleus, which appears 
in the second year and joins about the twelfth year. This is the upper epiphysial 
lamella of the atlas. In addition to these there is a secondary centre for a 
thin epiphysiai plate on the under surface of the body of the bone. 

The Seventh Cervical.—The anterior or costal part of the transverse process 
of the seventh cervical is sometimes developed from a separate osseous centre at 
about the sixth month of foetal life, and joins the body and posterior division of 
the transverse process between the fifth and sixth years. Occasionally this process 
continues as a separate piece, and, becoming lengthened outwards and forwards, 
constitutes what is known as a cervical rib. This separate ossific centre for 
the costal process has also been found in the fourth, fifth, and sixth cervical 
vertebraa. 

The Lumbar. Vertebree (fig. 205) have two additional centres for the mammillary 
tubercles, which project from the back part of the superior articular processes. 
The transverse process of the first lumbar is sometimes developed as a separate 
piece, which may remain permanently unconnected with the rest of the bone, 
thus forming a lumbar rib—a peculiarity which is rarely met with. 

Progress of Ossification in the Spine generally.—Ossification of the laminæ 
of the vertebree commences in the cervical region of the spine, and proceeds 
gradually downwards. Ossification of the bodies, on the other hand, commences 
about the mid-dorsal region, and extends both upwards and downwards 
Although, however, the ossific nuclei for the bodies first make their appearance 
in the dorsal vertebree, the lumbar and first sacral are those in which these nuclei 
are largest at birth. 

Attachment of Muscles—To the Atlas are attached nine pairs: the Longus 
colli, Rectus capitis anticus minor, Rectus lateralis, Obliquus capitis superior and 
inferior, Splenius colli, Levator anguli scapule, First Intertransverse, and Rectus 
capitis posticus minor. 

To the Avis are attached eleven pairs: the Longus colli, Levator anguli 
scapule, Splenius colli, Scalenus medius, Transversalis cervicis, Intertrans- 
versales, Obliquus capitis inferior, Rectus capitis posticus major, Semispinalis 
colli, Multifidus spinæ, Interspinales. 

To the remaining vertebræ, generally, are attached thirty-five pairs and a 
single muscle: anteriorly, the Rectus capitis anticus major, Longus colli, 
Scalenus anticus, medius, and posticus, Psoas magnus and parvus, Quadratus 
lumborum, Diaphragm, Obliquus abdominis internus, and Transversalis abdo- 
minis ; posteriorly, the Trapezius, Latissimus dorsi, Levator anguli scapule, 
Rhomboideus major and minor, Serratus posticus superior and inferior, Splenius, 
Erector spine, Ilio-costalis, Longissimus dorsi, Spinalis dorsi, Cervicalis ascendens, 
Transversalis colli, Trachelo-mastoid, Complexus, Biventer cervicis, Semispinalis 
dorsi et colli, Multifidus spinæ, Rotatores spine, Interspinales, Supraspinales, 
Intertransversales, Levatores costarum. 


SACRAL AND COCCYGEAL VERTEBRZ 


The Sacral and Coccygeal Vertebre consist at an early period of life of 
nine separate pieces which are united in the adult, so as to form two bones, 
five entering into the formation of the sacrum, four into that of the coccyx. 
Occasionally, the cocoyx consists of five bones." 


THe SACRUM 


The Sacrum (sacer, sacred) is a large, triangular bone (fig. 206), situated at 
the lower part of the vertebral column, and at the upper and back part of the 
elvic cavity, where it is inserted like a wedge between the two innominate 
ones ; its upper part or base articulates with the last lumbar vertebra, its apex 
with the coccyx. The sacrum is curved upon itself, and placed very obliquely, 
its upper extremity projecting forwards, and forming, with the last lumbar 


* Sir George Humphry describes this as the usual composition of the coceyx.—On the 
Skeleton, p. 456. 
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vertebra, a very prominent angle, called the promontory or sacro-vertebral angle ; 
while its central part is projected backwards, so as to give increased capacity to 
the pelvic cavity. It presents for examination an anterior and posterior surface, 
two lateral surfaces, a base, an apex, and a central canal. 

The Anterior Surface is concave from above downwards, and slightly so from 
side to side. In the middle are seen four transverse ridges, indicating the 
original division of the bone into five separate pieces. The portions of bone 
intervening between the ridges correspond to the bodies of the vertebre. The 
body of the first segment is of large size, and in form resembles that of a lumbar 
vertebra; the succeeding ones diminish in size from above downwards, are 
flattened from before backwards, and curved so as to accommodate themselves 
to the form of the sacrum, being concave in front, convex behind. At each end of 
the ridges above mentioned are seen the anterior sacral foramina, analogous to 
the intervertebral foramina, four in number on each side, somewhat rounded in 


Fie. 206.—Sacrum, anterior surface. 
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pn diminishing in size from above downwards, and directed outwards and 
gweda : they give exit to the anterior divisions of the sacral nerves and entrance 
o the lateral sacral arteries. External to these foramina is the lateral mass, 
consisting, at an early period of life, of separate segments; in the adult, these 
andes blended with the bodies and with each other, Each lateral mass is 
— by four broad, shallow grooves, which lodge the anterior divisions of 
= pam nerves as they pass outwards, the grooves being separated by promi- 
en ee of bone which give attachment to the slips of the Pyriformis muscle. 
= a vertical section is made through the centre of the sacrum (fig. 207), the 
ce : Sapp to be united at their circumference by bone, a wide interval being 
— e5 atly, which, in the recent state, is filled by intervertebral substance. In 
© bones, this union is more complete between the lower segments than 
between the u per ones. 

a = Posterior Surface (fig. 208) is convex and much narrower than the anterior. 
e middle line are three or four tubercles, which represent the rudimentary 
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spinous processes of the sacral vertebra. Of these tubercles, the first is generally 
prominent, and distinct from the rest; the second and third are either separate 
or united into a tubercular ridge, which diminishes in size from above down- 
wards ; the fourth usually, and the fifth always remaining undeveloped. External 
to the spinous processes on each side are the lamine, broad and well marked in 
the first three pieces ; sometimes the fourth, and generally the fifth, are only 
aeeai developed and fail to meet in the middle line. These partially developed 
aminæ are prolonged downwards, as rounded processes, the sacral cornua, and 
are connected to the cornua of the coccyx. Between them the bony wall of the 
lower end of the sacral canal is imperfect, and is liable to be opened in the 
sloughing of bed-sores. External to the laminæ is a linear series of indistinct 
tubercles representing the articular processes; the upper pair are large, well 
developed, and correspond in shape and direction to the superior articulating 
ces von ta vertebra; the 

second and third are small; the fourth Fie. 207.—Verti | 
and fifth (usually blended together) w >> ee 
are situated on each side of the sacral NA 
canal and assist in forming the sacral a is 
cornua. External to the articular 
processes are the four posterior sacral 
foramina; they are smaller in size 
and less regular in form than the 
anterior, and transmit the posterior 
divisions of the sacral nerves. On 
the outer side of the posterior sacral 
foramina is a series of tubercles, the 
rudimentary transverse processes of 
the sacral vertebre. The first pair 
of transverse tubercles are of large 
size, very distinct, and correspond 
with each superior angle of the bone ; 
they, together with the second pair, 
which are of small size, give attach- 
ment to the horizontal part of the 
sacro-iliac ligament; the third give 
attachment to the oblique fasciculi of 
the posterior sacro-iliac ligaments ; 
and the fourth and fifth to the great 
sacro-sciatic ligaments. The inter- 
space between the spinous and trans- 
verse processes on the back of the 
sacrum presents a wide, shallow con- 
cavity, called the sacral groove ; it is 
continuous above with the vertebral 
groove, and lodges the origin of the 
Multifidus spine. 

The Lateral Surface, broad above, 
becomes narrowed into a thin edge 
below. Its upper half presents in - 
front a broad, ear-shaped surface for articulation with the ilium. This is called 
the auricular surface, and in the fresh state is coated with fibro-cartilage. It 
is bounded posteriorly by deep and uneven impressions, for the attachment of 
the posterior wra io ligaments. The lower half is thin and sharp, and 
terminates. in a projection called the inferior lateral angle; below this angle is 
a notch, which is converted into a foramen by articulation with tbe transverse 
process of the upper piece of the coccyx, and transmits the anterior division 
of the fifth sacral nerve. This lower, sharp border gives attachment to the 
greater and lesser sacro-sciatic ligaments, and to some fibres of the Gluteus 
maximus posteriorly, and to the Coccygeus in front. i 

The Base. of the sacrum, which is broad and expanded, is directed upwards 
and forwards. In the middle is seen a large oval articular surface, the upper 
aspect of the body of the first sacral vertebra, which is connected with the under 
surface of the body of the last lumbar vertebra by a fibro-cartilaginous dise. It 
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is bounded behind by the large, triangular orifice of the sacral canal. The orifice 
is formed behind by the laminæ and spinous process of the first sacral vertebra : 
the superior articular processes project from it on each side; they are oval, con- 
cave, directed backwards and inwards, like the superior articular processes of a 
lumbar vertebra ; and in front of each articular process is an intervertebral notch, 
which forms the lower part of the foramen between the last lumbar and first 
sacral vertebra. Lastly, on each side of the large oval articular plate is a broad 
and flat triangular surface of bone, which extens outwards, supports the Psoas 
magnus muscle and lumbo-sacral. cord, and is continuous on each side with the 
iliac fossa. This is called the ala of the sacrum, and gives attachment to a few 


Fra. 208.--Sacrum, posterior surface. 
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of the fibres of the Iliacus muscle. The posterior part of the ala represents the 
pauw: process, and its anterior part the costal process of the first sacral 
nt. 

The Apex, directed downwards and slightly forwards, presents a small, oval, 
concave surface for articulation with the coccyx. 
ae Spinal Canal (fig. 207) runs throughout the greater part of the bone ; it 
1s large and triangular in form above; small and flattened, from before back- 
wards, below. In this situation its posterior wall is incomplete, from the non- 
development of the laminæ and spinous processes. It lodges the sacral nerves, 
and is perforated by the anterior and posterior sacral foramina, through which 
these pass out. . 


Structure.—TIt consists of much loose, spongy. ti ithin, i 
ym a compe — , Spongy tissue within, invested externally 
~crences in the Sacrum of the Male and Female.—The sacrum in the 
ae s ae and wider than in the male; the lower half forms a greater 
hal with the upper; the upper half of the bone being nearly straight, the lower 
a bounding the greatest amount of curvature. The bone is also directed 
ee peas y backwards, which increases the size of the pelvic cavity and 
ers the sacro-vertebral angle more projecting. In the male the curvature is 
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more evenly distributed over the whole length of the bone, and is altogether 
greater than in the female. 

Peculiarities of the Sacrum.—This bone, in some cases, consists of six pieces; 
occasionally, the number is reduced to four. Occasionally the bodies of the first 
and second segments are not joined, or the lamine and spinous processes have 
not coalesced. Sometimes the upper pair of transverse tubercles are not 
joined to the rest of the bone on one or both sides; and, lastly, the sacral canal 
may be open for nearly the lower half of the bone, in consequence of the 
imperfect development of the laminæ 
and spinous processes. The sacrum, Fre. 209.—Development of the sacrum. 
also, varies considerably with respect to sages 
its degree of curvature. foil fC lao r 

Development (figs. 209, 210, 211).— 

The sacrum, formed by the union of five 
vertebræ, has usually thirty-five centres 

of ossification, but this number may be 4t birth 
increased. 

The bodies of the sacral vertebræ have 
each three ossific centres: one for the 
central part, one for the epiphysial plate 
on its i eN and another for that on its 
under surface. Occasionally the primary 
centres for the bodies of the first and 
second piece of the sacrum are double. 

The arch of each sacral vertebra is 
developed by two centres, one for each 
lamina. These unite with each other 
behind, and subsequently join the body. 

The lateral masses have six additional 
centres, two for each of the first three (Siege 
vertebre.* These centres make their ar 
"pia above and to the outer side Sas’ 
of the anterior sacral foramina (fig. 209), 
and are developed into separate segments 
(fig. 210); they are subsequently blended 





At 4% yrs. 


with each other, and with the bodies Fig, 211. 
and transverse processes, to form the Two epiphysial lamine 
lateral masses. for each lateral surface * 


Lastly, each lateral surface of the 
sacrum is developed by two epiphysial + 
plates (fig. 211): one for the auricular x8 
surface, and one for the remaining part | 
of the thin lateral edge of the bone. 

Period of Development.—At about the At 
eighth or ninth week of fostal life, ossifi- 25th year 
cation of the central part of the body of 
the first sacral vertebra commences and 
is rapidly followed by deposit of ossific 
matter in the second and third ; but ossi- 
fication does not commence in the lower 
two segments until between the fifth and Sn 
eighth months of foetal life. Between the sixth and eighth months ossification 
of the lamine takes place; and about the same time, the centres for the lateral 
masses of the first three sacral vertebree make their appearance. The period at 
which the arch becomes completed by the junction of the laminz with the bodies 
in front, and with each other behind, varies in different segments. The junction 
between the lamine and the bodies takes place first in the lower vertebre as 
early as the second year, butis not effected in the uppermost until the fifth or sixth 
year, About the sixteenth year the epiphysial plates for the upper and under 
surfaces of the bodies are formed; and between the eighteenth and twentieth 
years, those for each lateral surface of the sacrum make their appearance. The 





* Occasionally the fourth vertebra has also these two additional centres. 
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bodies of the sacral vertebree are, during early life, separated from each other 
by intervertebral discs. But about the eighteenth year the two lowest segments 
become joined together by bone. This process gradually extends upwards until 
all the segments become united; and the bone is completely formed from the 
twenty-fifth to the thirtieth year of life. 
Articulations ——-With four bones: the last lumbar vertebra, coccyx, and the 
innominate bones. 
TO aaa of Muscles—To eight pairs: in front, the Pyriformis and 
Coceygeus, and a portion of the Iliacus to the base of the bone; behind, the 
Gluteus maximus, Latissimus dorsi, Multifidus spine, and Erector spine, and 
sometimes the Extensor coccygis. 


THE Coccyx 


The Coccyx (xdxxvé, cuckoo), so called from having been compared to a cuckoo’s 
beak (fig. 212), is usually formed of four small segments of bone, and is the most 
rudimentary part of the vertebral column. In 
Fig. 212.--Coceyx. each of the first three segments may be traced 
a rudimentary body, articular and transverse pro- 
cesses ; the last piece (sometimes the third) is a 
mere nodule of bone, without distinct processes. 
All the segments are destitute of pedicles, laminz, 
and spinous processes; and, consequently, of in- 
tervertebral foramina and spinal canal. The first 
segment is the largest; it resembles the lower- 
most sacral vertebra, and often exists as a separate 
piece; the last three, diminishing in size from 
above downwards, are usually blended together 
so as to form a single bone. The gradual diminu- 
tion in the size of the pieces gives this bone a 
triangular form, the base of the triangle joining 
the end of the sacrum. It presents for exa- 
mination an anterior and posterior surface, two 
borders, a base, and an apex. The anterior sur- 
face is slightly concave, and marked with three 
transverse grooves, indicating the points of junc- 
tion of the different pieces. It has attached 
to it the anterior sacro-coccygeal ligament and 
Levator ani muscle, and supports the lower end 
of the rectum. The posterior surface is convex, 
marked by transverse grooves similar to those on 
the anterior surface; and presents on each side 
a lineal row of tubercles, the rudimentary arti- 
cular processes of the coccygeal vertebra. Of 
these, the superior pair are large, and are called 
the cornua of the coccyx: they project upwards, 
Posterior surface and articulate with the cornua of the sacrum, 
the junction between these two bones completing 
the fifth posterior sacral foramen for the transmission of the fifth sacral nerve. 
The lateral borders are thin, and present a series of small eminences, which 
represent the transverse processes of the coccygeal vertebrae. Of these, the first 
on each side is the largest, flattened from before backwards, and often ascends 
to join the lower part of the thin lateral edge of the sacrum, thus completing 
the fifth anterior sacral foramen for the transmission of the anterior division of the 
fifth sacral nerve ; the others diminish in size from above downwards, and are 
often wanting. The borders of the coccyx are narrow, and give attachment on 
each side to the sacro-sciatic ligaments, to the Coceygeus muscle in front of the 
ligaments, and to the Gluteus maximus behind them. The base presents an 
oval surface for articulation with the sacrum. The apex is rounded, and has 
attached to it the tendon of the external Sphincter muscle of the anus. It may 
be bifid, and is sometimes deflected to one or other side. 
Development.—The coccyx is developed by four centres, one for each piece. 
Occasionally one of the first three pieces of this bone is developed by two centres, 


Cornua 
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placed side by side. The ossific nuclei 
make their appearance in the following 
order : in the first segment, shortly after 
birth ; in the second piece, at from five 
to ten years; in the third, from ten to 
fifteen years ; in the fourth, from fifteen 
to twenty years. As age advances, these 
yarious segments become united with 
each other from below upwards, the 
union between the first and second seg- 
ments being frequently delayed until 
after the age of twenty-five or thirty. 
At a late period of life, especially in 
females, the coccyx often becomes joined 
to the end of the sacrum. 

Articulation.— With the sacrum. 

Attachment of Muscles.— To four 
pairs and one single muscle: on either 
side, the Coccygeus ; behind, the Gluteus 
maximus and Extensor coccygis, when 
present; at the apex, the Sphincter ani; 
and in front, the Levator ani. 


OF THE SPINE IN GENERAL 


The Spinal Column, formed by the 
junction of the vertebra, is situated in 
the median line, at the posterior part of 
the trunk ; its average length in the male 
is about two feet four inches. Of this 
length the cervical part measures about 
five inches, the dorsal about eleven, the 
lumbar about seven, and the sacrum and 
coccyx about five. The female spine is 
about two feet in length. 

Viewed from in front, the width of 
the bodies of the vertebrie will be found 
to increase from the second cervical to 
the first doysal; there is then a slight 
diminution in the next three vertebre ; 
below this there is again a gradual 
and progressive increase in width as 
low as the sacro-vertebral angle. From 
this point there is a rapid diminution, 
terminating below at the apex of the 
coccyx. 

Viewed laterally (fig. 213), the spinal 
column presents several curves, which 
correspond to the different regions of the 
column, and are called cervical, dorsal, 
lumbar, and pelvic. The cervical curve 
commences at the apex of the odontoid 
process, and terminates at the middle of 
the second dorsal vertebra; it is convex 
in front, and is the least marked of all 
the curves. The dorsal curve, which is 
concave forwards, commences at the 
iniddle of the second and terminates at 
the middle of the twelfth dorsal verte- 
bra. Its most prominent point behind 
corresponds to the spine of the seventh 
dorsal. The lumbar curve is more 
marked in the female than in the male ; 


Fic. 213.—Lateral view of the spine. 
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it commences at the middle of the last dorsal vertebra, and terminates at the 
sacro-vertebral angle. It is convex anteriorly; the convexity of the lower three 
vertebra being much greater than that of the upper two. The pelvic curve 
commences at the sacro-vertebral articulation, and terminates at the point of the 
coccyx. It is concave anteriorly. The dorsal and pelvic curves are the primary 
curves, and begin to be formed about the fourth month of foetal life. The cervical 
and lumbar curves are compensatory or secondary, and are developed after birth 
in order to maintain the erect position. 

If a body is enveloped in plaster of Paris and a vertical section in the 
median line 1s made, it will be found, as pointed out by Humphry, that a plumb- 
line dropped from the middle of the odontoid process of the axis will pass 
through the middle of the pe of the second dorsal vertebra, through the middle 
of the body of the last dorsal, through the middle and anterior-inferior edge of 
the last lumbar, and bisects a line drawn transversely through the heads of the 
thigh bones. It is known from experiment that the line of gravity of the head 

asses through the middle of the odontoid process ; it therefore follows that the 
line of gravity of the head passes through the points of confluence of the three 
superior curves of the spine and through the heads of the thigh bones, so that 
the weight of the skull and its contents is directly transmitted to the pelvis and 
lower extremities when the body is in the erect position. 

The spine has also a slight lateral curvature, the convexity of which is 
directed towards the right side. This may be produced, as Bichat first 
explained, chiefly by muscular action; most persons using the right arm in 
preseg to the left, especially. in- making long-continued efforts, when the 

dy is curved to the right sills. In support of this explanation, it has been 
found, by Béclard, that in one or two individuals who were left-handed, the 
lateral curvature was directed to the left side. Others regard this curvature as 
being produced by the aortic arch and upper part of the thoracic aorta—a view 
which is supported by the fact that in cases where the viscera are transposed 
and the aorta is on the right side, the convexity of the lateral curvature is 
directed to the left side. m 

The movable part of the spinal column presents for examination an anterior, 

a posterior, and two lateral surfaces: a base, summit, and spinal canal. 
_ The anterior surface presents.the bodies of the vertebrae joined to each other 
in the recent state by the intervertebral discs. The bodies are broad in the 
cervical region, narrow in the upper part of the dorsal, and broadest in the 
lumbar region. The whole of this Beid is convex transversely, concave from 
above downwards in the dorsal region, and convex in the same direction in the 
cervical and lumbar regions. 

The posterior surface presents in the median line the spinous processes, 
In the cervical region these are short, horizontal, with bifid extremities. In 
the dorsal region, they are directed obli uely above, assume almost a vertical 
direction in the middle, and are horizonta , with a slight inclination downwards, 
below, as are also the spines of the lumbar vertebre. They are separated 
by considerable intervals in the loins, by narrower intervals in the neck, and 
are closely approximated in the middle of the dorsal region. Occasionally 
one of these processes deviates a little from the median line—a fact to be 
remembered In practice, as irregularities of this sort are attendant also on 
fractures or displacements of the spine. On either side of the spinous processes, 
extending the Whole length of the column, is the vertebral groove formed 
by the lamine in the cervical and lumbar regions, where it is shallow, and 

y the laminæ and transverse processes in the dorsal region, where it is deep 
and broad. In the recent state, these grooves lodge the deep muscles of the 

ack. External to the vertebral grooves are the articular processes, and still 
more gm, | the transverse processes. In the dorsal region, the latter 
Processes stand backwards, on a plane considerably posterior to the same 
Processes in the cervical and lumbar regions. In the cervical region, the 
transverse processes are placed in front of the articular processes, and on the 
outer side of the pedicles, between the intervertebral foramina, In the dorsal 
region they are posterior to the pedicles, intervertebral foramina, and articular 
paecoasgsi In the lumbar, they are placed in front of the articular processes, 


ut behind the intervertebral foramina. 
The lateral surfaces are separated from the posterior by the articular processes 
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in the cervical and lumbar regions, and by the transverse processes in the dorsal. 
These surfaces present in front the sides of the bodies of the vertebra, marked in 
the dorsal region by the facets for articulation with the heads of the ribs. More 
posteriorly are the intervertebral foramina, formed by the juxtaposition of the 
intervertebral notches, oval in shape, smallest in the cervical and upper part 
of the dorsal regions, and gradually increasing in size to the last lumbar. The 
are situated between the transverse processes in the neck, and in front of them 
in the thoracic and lumbar regions, and transmit the spinal nerves. 

The base of that portion of the vertebral column which is formed by the 
twenty-four movable vertebre consists of the under surface of the body of the 
fifth lumbar vertebra ; and the summit, of the upper surface of the atlas. 

The vertebral or spinal canal follows the different curves of the spine; it is 
largest in those regions in which the spine enjoys the greatest freedom of move- 
ment, as in the neck and loins, where it is wide and triangular; and narrow and 
rounded in the thoracic region, where motion is more limited. 


Surface Form.--The only parts of the vertebral column which lie closely under the 
skin, and so directly influence surface form, are the apices of the spinous processes. These 
are always distinguishable at the bottom of a furrow, which, more or less evident, runs 
down the mesial linc of the back from the external occipital protuberance above to the 
middle of the sacrum below. In the neck the furrow is broad, and terminates in a con- 
spicuous projection, which is caused by the spinous processes of the seventh cervical 
vertebra (vertebra prominens) and the first dorsal, the latter being the more prominent of 
the two. Above this the spinous process of the sixth cervical vertebra may sometimes 
be seen to form a projection; the other cervical spines are sunken, and are not visible, 
though the spine of the axis can be felt, and generally also the spines of the third, fourth, 
and fifth cervical vertebre. In the dorsal region, the furrow is shallow, and during 
stooping disappears, and then the spinous processes become more or less visible. The 
markings produced by these spines arc small and close together. In the lumbar region 
the furrow is deep, and the situation of the lumbar spines is frequently indicated by little 
pits or depressions, especinlly if the muscles in the Joins are well developed and the spine 
ineurved, ‘They are much larger and farther apart than in the dorsal region. In the 
sacral region the furrow is shallower, presenting a flattened area which terminates below 
ut the most prominent part of the posterior surface of the sacrum, formed by the spinous 
process of the third sacral vertebra. At the bottom of the furrow may be felt the 
irregular posterior surface of the bone. Below this, in the deep groove leading to the 
nnus, the coceyx may be felt. In order to identify any particular spine it is customary 
to count from the prominence caused by the seventh cervical and first dorsal spines ; 
of these two, the spine of the first dorsal is the more prominent. It is useful, however, 
to bear in mind that the root of the spine of the scapula is on a level with the interval 
hetween the spines of the third and fourth dorsal vertebre ; the apex or inferior angle of 
the scapula is on a level with the interval between the spines of the seventh and eighth 
dorsal; the highest point of the crest of the ilium corresponds to the fourth lumbar 
spine, and the posterior superior spine of the ilium corresponds to the second sacral spine. 
The only other portions of the vertebral column which can be felti from the surface are 
the transverse processes of three of the cervical vertebrre—viz. the first, the sixth, and 
the seventh. The transverse process of the atlas can be felt as a rounded nodule of bone 
just below and in front of the apex of the mastoid process, along the anterior border of 
the Sterno-mastoid, The transverse process of the sixth cervical vertebra is of surgical 
importance. If deep pressure be made in the neck, in the course of the carotid artery, 
opposite the cricoid cartilage, the prominent anterior tubercle of the transverse process 
of the sixth cervical vertebra can be folt. This has been numed Chassaignac’s tubercle, 
and against it the carotid arterv may be most conveniently compressed by the finger. 
The transverse process of the seventh cervical vertebra ean also be often felt. 
Sometimes the anterior root, or costal process, is large and segmented off, forming a 
ecrvieal rib, a. 

Surgical Anatomy,—Occasionally the coalescence of the lamin is not completed, and 
consequently a cleft is left in the arches of the vertebre, through which a protrusion of the 
spinal membranes (dura mater and arachnoid), and generuly of the spinal cord itself, takes 
place, constituting the malformation known as spina bifida. This condition 18 most common 
in the lumbo-sacral region, but it may oeeur in the dorsal or cervical region, or the arches 
throughout the whole length of the canal may remain unapproximated. In some rare 
cases, in consequence of the non-coaleseenec of the two primary centres from which the 
body is formed, a similar condition may occur in front of the canal, the bodies of the 
vertebre being found cleft and the tumour projecting into the thorax, abdomen, or pelvis, 
between the lateral halves of the bodics affected. l 

The construction of the spinal column of a number of pieces, securely connected together 
and enjoying only aslight degree of movement between any two individual pieces, but 
permitting of a very considerable range of movement asa whole, allows a sufficient degree 
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of mobility without any material diminution of strength. The many joints of which the 
spine is composed, together with the very varied movements to which it is subjected, 
vender it liable to sprains ; but so closely are the individual vertebrie articulated that these 
sprains are rarely or ever severe, and an amount of violence sutiiciently great to produce 
tearing of the ligaments would tend rather to cause a dislocation or fracture. The further 
safety of the column and its slight liability to injury is provided for by its disposition in 
curves, instead of in one straight line. For it is an elastie column, and must first bend 
before it breaks; under these circumstances, being made up of three curves, it represents 
three columns, and greater force is required to produce bending of a short column, than 
of a longer one that is equal to it in breadth and material. Again, the safety of the column 
is provided for by the interposition of the intervertebral discs between the bodies of the 
vertebree, which act as adimirable buffers in counteracting the effects of violent jars or 
shocks. I*racture-dislocation of the spine may be caused by direct or indirect violence or 
by a combination of the two, as when a person, falling froin a height, strikes against some 
prominence and is doubled over it. The fractures from indirect violence are the more 
common, and here the bodies of the vertebrie are compressed, while the arches are torn 
asunder ; in fracture from direct violence, on the other hand, the arches are compressed and 
the bodies of the vertebra separated from each other. It will therefore be scen that in both 
classes of injury the spinal marrow is the part least likely to be injured, and may escape 
damage even where there has been considerable lesion of the bony framework. For. as 
Mr. Jacobson states, ‘being lodged in the centre of the column, it occupies neutral ground 
in respect to forces which might cause fracture. For it is a Jaw in mechanics that when 
a bean, as of timber, is exposed to breakage and the force does not exceed the limits of 
the strength of the material, one division resists compression, another laceration of the 
particles, while the third, hetween the two, is in a negative condition.’* Applying this 
principle to the spine, it will be seen that, whether the fracture-dislocation be produced 
by direct or indirect violence, one segment, either the anterior or posterior, will be 
exposed to compression, the other to laceration, and the interinediate part, where the cord 
is situated, will be in a neutral state. When a fracture-dislocation is produced by indirect 
violence, the. displacement is almost always the samce; the upper segment being driven 
forwards on the lower, so that the cord is compressed between the body of the vertebra 
below and the arch of the vertcbra above. 

The parts of the spine most liable to be injured are: (1) the junction of the dorsal with 

the lumbar region, including the last two dorsal and the upper two lumbar vertebrw, for 
this part is near the middle of the column and there is therefore a greater amount of 
leverage, and moreover the portion above is comparatively fixed, and the vertebræ which 
form this portion of the column, though smaller than those below, have nevertheless to 
bear almost as great a weight; (2) the cervico-dorsal region, beeause here the flexible 
cervical portion of the spine joins the more fixed dorsal region ; and (3) the atlanto-axial 
region, because it enjoys an extensive range of movement, and, being near the skull, is 
influenced by violence applied to the head. 
_ In fractare-dislocation it has been proposed to cut down and expose the injured bones, 
in order to facilitate replacement and remove pressure froin the spinal cord; and much 
controversy has arisen as to the value of this operation. The rule for the guidance of the 
surgeon in these cases appears to be as follows: If there is evidence of complete destruc- 
tion or division of the spinal cord at the seat of lesion, the operation is practically use- 
less ; but if there seems to be any probability that a portion of the cord has eseaped, an 
operation is indicated, on the chance that when pressure has been removed, a sufticient 
quantity of the substance of the cord may remain intact to allow of its carrying on its 
functions to a certain extent. Laminectomy is also performed in other classes of cases: 
(1) where the laminæ have been driven in by direct violence; (2) where paraplegia super- 
venes after an appreciable interval since the injurv, and is therefore probably due to the 
effusion of blood or inflammatory exudation; (3) where paraplegia occurs in cases of 
spinal caries, if the paraplegic symptoms persist for a long period, or threaten life from 
intractable evstitis or hed-sores. 


THE SKULL 


The Skull or Cranium (xpdvos, « helmet) is supported on the summit of the 
vertebral column, and is of an oval shape, wider behind than in front. It is 
composed of a series of flattened or irregular bones which, with one exception 
(the lower jaw), are immovably jointed together. It consists of two parts : (1) the 
Byain-case (cranium cerebrale), which encloses and protects the brain: and 
(2) the skeleton of the Face (cranium viscerale). The Brain-case is composed of 
eight hones—viz. the occipital, two parietal, frontal, two temporal, sphenoid, and 
ethmoid. The Face is composed of fourteen bones—viz. the two nasal, two superior 
marilary, two lachrymal, two malar, two palate, two inferior turbinated, vomer, 


= Holmes’s System of Surgery, vol. i, p- 529. 1883. 
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and wfertor maxillary. The ossicula auditds, the teeth, and Wormian bones are 
not included in this enumeration. 
Occipital. 
Two Parietal. 
Frontal. 
.Two Temporal. 

| Sphenoid. 

Ethmoid. 

Skull, 22 bones- Two Nasal. 
Two Superior Maxillary. 
Two Lachrymal. 
Two Malar. 
i Two Palate. 
Two Inferior Turbinated. 
Vomer. 
Inferior Maxillary. 


Brain-case, 8 bones- 


Face, 14 bones 


The Hyoid bone, situated at the root of the tongue and attached to the base of 
the skull by ligaments, has also to be considered in this section. 


THE OCCIPITAL BONE 


The Occipital Bone (ob, caput, against the head) is situated at the back part 
and base of the cranium. Itis trapezoid in shape and is much curved on itself 
(fig. 214). It presents at its front and lower part a large oval aperture, the 


Fig. 214.—Occipital bone. Outer surface. 
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foramen magnum, by which the cranial cavity communicates with the spinal 
canal. The portion of bone behind this opening is curved and expanded and 
forms the tabula ; the portion in front is a thick, elongated mass of bone, the 
basilar process; while on either side of the foramen are situated the lateral or 
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condylic portions, bearing the condyles, by which the bone articulates with the 
atlus. It presents for examination two surfaces, four borders, and four angles. 

The external surface is convex. Midway between the summit of the bone 
and the posterior margin of the foramen magnum is a prominent tubercle, the 
inion or external occipital protwberance, and descending from it as far as the 
foramen, a vertical ridge, the external occipital crest. This protuberance and crest 
give attachment to the Ligamentum nuche, and vary in prominence in different 
skulls. Passing outwards from the occipital protuberance is a semicircular ridge 
on each side, the superior curved line. Above this line there is often a second 
less distinctly marked ridge, called the highest curved line (linea suprema), to 
which the epicranial aponeurosis is attached. The bone between these two lines 
is smoother and denser than the rest of the surface. Running parallelfwith these 
from the middle of the crest is another semicircular ridge on each side, the inferior 
curved line. The surface of the bone above the linea suprema is rough and porous, 
and, in the recent state, is covered by the Occipito-frontalis muscle, while the 
superior and inferior curved lines, together with the surfaces of bone between and 
below them, serve for the attachment of several muscles. The superior curved 
line gives attachment internally to the Trapezius, externally to the muscular 
origin of the Occipito-frontalis, and to the Sterno-cleido-mastoid, to the extent 
shown in fig. 214; the depressions between the curved lines to the Complexus 
internally, the Splenius capitis and Obliquus capitis superior externally. The 
inferior curved line, and the depressions below it, afford insertion to the Rectus 
capitis posticus, major and minor. 

The foramen magnum is a large, oval aperture, its long diameter extending 
from before backwards. It transmits the medulla oblongata and its membranes, 
the spinal accessory nerves, the vertebral arteries, the anterior and posterior 
spinal arteries, and the occipito-axial ligaments. Its back part is wide for the 
transmission of the medulla, and the corresponding margin rough for the attach- 
ment of the dura mater enclosing it; the fore part is narrower, being encroached 
upon by the condyles; it has projecting towards it, from below, the odontoid 
process, and its margins are smooth and bevelled internally to support the 
medulla oblongata. The point corresponding with the middle of its anterior 
margin 1s termed the basion ; that corresponding with the middle of its posterior 
margin is named the opisthion. On each side of the foramen magnum are the 
condyles, for articulation with the atlas; they are convex, oval or reniform in 
shape, and directed downwards and outwards; they converge in front, and 
encroach slightly upon the anterior segment of the foramen. On the inner 
border of each condyle is a rough tubercle for the attachment of the check 
ligaments which connect this bone with the odontoid process of the axis; 
while external to them is a rough tubercular prominence, the Jugular process, 
channelled in front by a deep notch, which forms part of the jugular foramen, 
or foramen lacerum posterius. This notch is frequently bisected by & pro- 
jection of bone, the intrajugular process, which curves outwards from the 
margin of the notch. The under surface of this process presents an eminence, 
which represents the paramastoid process of some mammals. This eminence 
1S occasionally large, and extends as low as the transverse process of the 
atlas. This surface affords attachment to the Rectus capitis lateralis muscle 
~ a the lateral occlpito-atlantal ligament ; its upper or cerebral surface presents 

p groove which lodges part of the lateral sinus, while its external surface is 
marked by a quadrilateral rough facet, covered with cartilage in the fresh state, 
and articulating with a similar surface on the petrous portion of the temporal 

ne. On the outer side of each condyle, near its fore part, is a foramen, the 
anterior condyloid ; it is directed downwards, outwards, and forwards, and trans- 
mits the hypoglossal nerve, and occasionally a meningeal branch of the ascending 
pharyngeal artery. This foramen is sometimes double. Behind each condyle isa 
g pees perforated at the bottom by a foramen, the posterior condyloid, 
ae. Me apes of # vein to the lateral sinus. In front of the foramen 
i F S a strong quadrilateral plate of bone, the basilar process, wider behind 
ront; its under surface, which is rough, presenting in the median line 

* This fossa presents many variations in size. It is usually shallow, and the foram, 
sinall ; occasional] y wanting on one or both sides. Sometimes both. fani and Dianon 


large, bi ; . 
sc, Dut confined to one side only: more rarely 

a : el th £ ` $ ° r X, = ° 
on both sides. y; y: the fossa and foramen are very large 
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a tubercular ridge, the pharyngeal spine, for the attachment of the tendinous 
raphe and Superior constrictor of the pharynx; and on each side of it, rough 
depressions for the attachment of the Rectus capitis anticus, major and minor. 
The Internal or Cerebral Surface (fig. 215) is deeply concave. The posterior 
part or tabula is divided by a crucial ridge into four fossæ. The two superior 
fossæ receive the occipital lobes of the cerebrum, and present slight depressions 
corresponding to their convolutions. The two inferior, which receive the hemi- 
spheres of the cerebellum, are larger than the former, and comparatively smooth ; 
both are marked by slight grooves for the lodgment of arteries. At the point of 
meeting of the four divisions of the crucial ridge is an eminence, the internal 
occipital protuberance. It nearly corresponds to that on the outer surface, and is 
perforated by one or more large vascular foramina. From this eminence, the 


Fre. 215.—Occipital bone. Inner surface. 
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superior division of the crucial ridge runs upwards to the superior angle of the 
bone ; on one side, generally the right, it presents a deep groove for the superior 
longitudinal sinus, the margins of which give attachment to the falx cerebri. 
The inferior division, the internal occipital crest, rans to the posterior margin of 
the foramen magnum, on the edge of which it becomes gradually lost ; this ridge, 
which is bifurcated below, serves for the attachment of the falx cerebelli. It is 
usually marked by a single groove, which commences at the back part of the 
foramen magnum and lodges the occipital sinus. Occasionally two sinuses exist, 
and the groove is then double. The transverse grooves pass outwards to the 
lateral angles ; they are deeply channelled, for the lodgment of the lateral sinuses, 
their prominent margins affording attachment to the tentorium cerebelli.* At 


** Usually one of the transverse grooves is deeper and broader than the other : 
occasionally, both grooves are of equal depth and breadth, or both equally indistinct. The 
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the point of meeting of these grooves is a depression, the torcular Herophili,* 
placed a little to one or the other side of the internal occipital protuberance. 
More anteriorly is the foramen magnum, and on each side of it, but nearer its 
anterior than its posterior part, the internal opening of the anterior condyloid 
foramen ; the internal openings of the posterior condyloid foramina are a little 
external and posterior, protected by a small arch of bone. At this part of the 
internal surface there is a very deep groove, in which the posterior condyloid 
foramen, when it exists, has its termination. This groove is continuous, in the 
complete skull, with the transverse groove on the posterior part of the bone, and 
lodges the end of the same sinus, the lateral. In front of the foramen magnum 
is the basilar process, presenting a shallow depression, the basilar groove, which 
slopes from behind, upwards and forwards, and supports the medulla oblongata 
and part of the pons Varolii, and on each side of the basilar process is a narrow 
channel, which, when united with a similar channel on the petrous portion of the 
temporal bone, forms a groove, which lodges the inferior petrosal sinus. . 

Angles.—The superior angle is received into the interval between the posterior 
superior angles of the two parietal bones: it corresponds with that part of the 
skull in the foetus which is called the posterior fontanelle. The inferior angle is 
represented by the square-shaped surface of the basilar process. At an early 
period of life, a layer of cartilage separates this part of the bone from the 
sphenoid; but in the adult, the union between them is osseous. The lateral 
angles correspond to the outer ends of the transverse grooves, and are received 
into the interval between the posterior inferior angles of the parietal and the 
mastoid portion of the temporal. 

Borders.— The superior border extends on each side from the superior to the 
lateral angle, is deeply serrated for articulation with the parietal bone, and forms, 
by this union, the lambdoid suture; the inferior border extends from the lateral 
to the inferior angle; its upper half is rough, and articulates with the mastoid 
portion of the temporal, forming the masto-occipital suture; the lower half 
articulates with the petrous portion of the temporal, forming the petro-occipital 
suture ; these two portions are separated from one another by the jugular process. 
In front of this process is a deep notch, which, with a similar one on the petrous 
portion of the temporal, forms the foramen lacerum posterius or jugular foramen. 

Structure.—The occipital 

Fie. 216.—Development of occipital bone. bone consists of two compact 
Usually by seven centres. lamine, called the outer and 

inner tables, having between 
them the diploic tissue ; this 
bone is especially thick at 
the ridges, protuberances, 
condyles, and anterior part 
of the basilar process ; while 
at the bottom of the fosse, 
especially the inferior, it is 
thin, semi-transparent, and 
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or expanded portion, which 
lies behind the foramen mag- 
num ; two condylar parts, which form the sides of the foramen ; and a basilar part, 
which lies in front of the foramen. The upper portion of the tabular surface—that 
1s to say, the portion above the level of the external occipital protuberance—is 
developed from membrane, and may remain separated from the rest of the bone 
throughout life when it constitutes the mterparietal bone ; the rest of the bone is 
developed from cartilage. The number of nuclei for the interparietal part of 
the tabular portion, which is developed from membrane, varies from two to four. 
They appear about the thirteenth week and coalesce about the fifteenth. The 


broader of the two transverse grooves is nearly always continuous with the vertical 
groove for the superior longitudinal sinus. 

he columns of blood coming in different directions were supposed to be pressed 
together at this point (torcular, a Wine-press). 
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cartilaginous portion of the tabular part begins to ossify from two centres, which 
appear about the seventh week of foetal life and soon unite to form a single piece. 
Union of the upper and lower portions takes place about the third or fourth 
month. Hach of the condylar parts begins to ossify from a single centre about 
the end of the eighth week. The basilar portion is ossified from two centres, one 
placed in front of the other. These appear about the sixth week and rapidly 
coalesce, so that the ossification from one centre is frequently described. 
About the fourth year, the tabular and the two condyloid pieces join; and about 
the sixth year, the bone consists of a single piece. Ata later period, between 
the eighteenth and twenty-fifth years, the occipital and sphenoid become united, 
forming a single bone. 

i Articulations.— With six bones: two parietal, two temporal, sphenoid, and 
atlas. 

Attachment of Muscles.—To twelve pairs; to the superior curved line are 
attached the Occipito-frontalis, Trapezius, and Sterno-cleido-mastoid. To the 
space between the curved lines, the Complexus,* Splenius capitis, and Obliquus 
capitis superior ; to the inferior curved line, and the space between it and the 
foramen magnum, the Rectus capitis posticus, major and minor ; to the transverse 
process, the Rectus capitis lateralis ; and to the basilar process, the Rectus capitis 
anticus, major and minor, and the Superior constrictor of the pharynx. 


THE PARIETAL BONES 


The Parietal Bones (paries, a wall) form, by their union, the sides and roof of 
the skull. Each bone is of an irregular quadrilateral form, and presents for 
examination two surfaces, four borders, and four angles. 


Fig. 217.—Left parietal bone. External surface. 
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Surfaces.—The external surface (fig. 217) 48 convex, smooth, and marked 
about its centre by an eminence, called the parietal eminence, which indicates the 


“: To these the Biventer cervicis should be added, if it is regarded as a separate muscle. 
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point where ossification commenced. Crossing the middle of the bone in an 
arched direction are two well-marked curved lines or ridges, the upper and lower 
temporal ridges; the former gives attachment to the temporal fascia, while the 
latter indicates the upper limit of the origin of the temporal muscle. Above these 
ridges, the surface of the bone is rough and porous, and covered by the aponeurosis 
of the Occipito-frontalis ; between them the bone is smoother and more polished 
than the rest ; below them the bone forms part of the temporal fossa, and affords 
attachment to the Temporal muscle. At the back part of the superior border, 
close to the sagittal suture, is a small foramen, the parietal foramen, which 
transmits a vein to the superior longitudinal sinus, and sometimes a small 
branch of the occipital artery. Its existence is not constant, and its size varies 
considerably. 

The internal surface (fig. 218) is concave; it presents depressions for lodging 
the convolutions of the cerebrum, and numerous furrows for the ramifications of 


Fic. 218.—-Left parietal bone. Internal surface. 
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the middle meningeal artery ; the latter run upwards and backwards from the 
anterior inferior angle, and from the central and posterior part of the lower 
border of the bone. Along the upper margin is part of a shallow groove, which, 
when joined to the opposite parietal, forms a channel for the superior longitudinal 
sinus, the elevated edges of which afford attachment to the falx cerebri. Near 
a Broove are seen several depressions, especially in the skulls of old persons; 
they lodge the Pacchionian bodies. The internal opening of the parietal foramen 

18 also seen when that aperture exists. 
sere superior, the longest and thickest, is dentated to articulate 
ee ellow of the opposite side, forming the sagittal suture. The inferior is 
a ided into three parts: of these, the anterior is thin and pointed, bevelled at 
3 pe of the outer surface, and overlapped by the tip of the great wing of 
a Bee ; the middle portion is arched, bevelled at the expense of the outer 
ie ce, and overlapped by the squamous portion of the temporal ; the posterior 
a on 7 thick and serrated for articulation with the mastoid portion of the 
pe poral. The anterior border, deeply serrated, is bevelled at the expense of the 
er surface above and of the inner below ; it articulates with the frontal bone, 
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forming the coronal suture. The posterior border, deeply denticulated, articulates 
with the oceipital, forming the lambdoid suture. 

Angles.—The anterior superior angle, thin and pointed, corresponds with the 
union of the sagittal and coronal sutures ; this point is named the bregma. This 
region in the foetal skull is membranous, and is called the arterior fontanelle. 
The anterior inferior angle is thin and lengthened, being received in the interval 
between the great wing of the sphenoid and the frontal. Its inner surface is 
marked by a deep groove, sometimes a canal, for the anterior branch of the middle 
meningeal artery. The posterior superior angle corresponds with the point of 
junction of the sagittal and lambdoid sutures—a point which is termed the 
lambda. In the foetus this pari of the skull is membranous, and is called the 
posterior fontanelle. The posterior inferior angle articulates with the mastoid 
portion of the temporal bone, and generally presents on its inner surface a broad, 
shallow groove which lodges part of the lateral sinus. The point of union of the 
posterior inferior angle of the parietal with the occipital and mastoid part of the 
temporal is named the asterion, 

Development.—The parietal bone is formed in membrane, being developed by 
one centre, which appears at the parietal eminence about the seventh or eighth 
week of fovtal life. Ossification gradually extends from the centre to the circum- 
ference of the bone: the angles are consequently the parts last formed, and it is 
here that the fontanelles exist previous to the completion of the growth of the 
bone. Occasionally the parietal bone is divided into two parts, upper and lower, 
by an antero-posterior suture. 

Articulations.—With five bones: the opposite parietal, the occipital, frontal, 
temporal, and sphenoid. 

Attachment of Muscles.—One only, the Temporal. 


Tue Frontar BONE 


The Frontal Bone (frons, the forehead) resembles a cockle-shell in form, and 
consists of two portions—a vertical or frontal portion situated at the anterior 
part of the cranium, forming the forehead ; and a horizontal or orbito-nasal portion 
which enters into the formation of the roof of the orbits and nasal fossæ. 

Vertical Portion.-—External Surface (fig. 219).—In the median line, traversing 
the lower part of the bone, may occasionally be seen the remains of the suture 
which represents the line of union of the two parts of which the bone consists 
at an early period of life. This is well marked in young subjects, but usually 
becomes obliterated in adult life, except at the lower part, where traces of it may 
sometimes remain. It is termed the frontal (metopic) suture. On either side of 
this suture, a little beiow the centre of the bone, is a rounded eminence, the 
frontal eminence. These eminences vary in size in different individuals, are 
occasionally unsymmetrical, and are especially prominent in cases of well-m arked 
cerebral development. The whole surface of the bone above this part is smooth, 
and covered by the aponeurosis of the Occipito-frontalis muscle. Below the 
frontal eminence, and separated from it by a shallow groove, is the supercilary 
ridge, broad internally, where it is continuous with the nasal eminence, but less 
distinct as it arches outwards. These ridges are, in most cases, caused by the 
projection outwards of the frontal air sinuses,* are usually larger and more 
rounded in the male than the female, and give attachment to the Orbiculanis 
palpebrarum and Corrugator supercilii. The degree of prominence of the super- 
ciliary ridges is not necessarily an index of the size of the frontal air sinuses, since 
in some cases the latter are large where the former are faintly marked. On the 
other hand, the ridges may be prominent, and the sinuses rudimentary or absent, as 
in the skull of the Maori. Between the two superciliary ridges is a smooth surface, 
the glabella or nasal eminence. Beneath the superciliary ridge is the supra-orbital 


* Some confusion is occasioned to students commencing the study of anatomy by the 
name ‘sinus’ having been given to two perfectly different kinds of space connected 
with the skull. It may be as well, therefore, to state here, at the outset, that the ‘ sinuses ’ 
in the interior of the cranium which produce the grooves on the inner surface of the bones 
are venous channels along which the blood runs in its passage back from the brain, while 
the ‘sinuses’ external to the cranial cavity (the frontal, sphenoidal, ethinoidal, and 
maxillary) are hollow spaces in the bones themselves which communicate with the nostrils, 


and contain air. 
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arch, a curved and prominent margin, which forms the upper boundary of the 
orbit, and separates the vertical fram the horizontal portion of the bone. The 
outer part of the arch is sharp and prominent, affording to the eye, in that 
situation, considerable protection from injury; the inner part is less prominent. 
At the junction of the internal and middle thirds of this arch is a notch, some- 
times converted into a foramen, and called the supra-orbital notch or foramen 
It transmits the supra-orbital artery, vein, and nerve. A small aperture is seen 
in the upper part of the notch, which transmits a vein from the diploé to join 
the supra-orbital vein. The supra-orbital arch terminates externally in the 
external angular process, and internally in the internal angular process. The 
external angular process is strong, prominent, and articulates with the malar 
bone; running upwards and backwards from it are two well-marked lines, which, 
commencing together at the external angular process, soon diverge from each 
other and run in a curved direction across the bone. These are the upper and 
lower temporal ridges ; the upper gives attachment to the temporal fascia, the 


Fig. 219.—Frontal bone. Outer surface. 
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lower to the temporal muscle. Beneath them is a slight concavity, which forms 
the anterior part of the temporal fossa, and gives origin to the Temporal muscle. 
The internal angular processes are less marked than the external, but descend to 
a lower level, and articulate with the lachrymal bones. Between the internal 
angular processes is a rough, uneven interval, the nasal notch, which articulates 
j the middle line with the nasal bones, and on either side with the nasal process 
‘ the superior maxillary bone. The term nasion is applied to the middle of the 
ronto-nasal suture. From the centre of this notch projects a process, the nasal 

al which extends beneath the nasal bones and nasal processes of the superior 
a | bones, and supports the bridge of the nose. The nasal process termi- 
ea : Ow i a long pointed process, the nasal spine, and on either side of 
pa small grooved surface which enters into the formation of the roof 
e nasal fossa. The nasal spine forms part of the septum of the nose, articu- 


lating j . 
i wae = with the nasal bones and behind with the perpendicular plate of 
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Internal Surface (fig, 220).—-Along the middle line in the upper part of the 
bone is a vertical groove, the edges of which unite below to form a ridge, the 
frontal crest; the groove lodges the superior longitudinal sinus, while its 
margins and the crest afford attachment to the falx cerebri. The crest termi- 
nates below in a small notch which is converted into a foramen by articulation 
with the ethmoid. It is called the foramen cecum, and varies in size in different 
subjects; it is sometimes impervious, and lodges a process of the falx 
cerebri; when open, it transmits a vein from the lining membrane of the nose 
to the superior longitudinal sinus. On either side of the groove the bone 
is deeply concave, presenting depressions for the convolutions of the brain, and 
numerous small furrows for lodging the ramifications of the anterior branches 
of the middle meningeal arteries. Several small, irregular fosss are also seen 
on either side of the groove, for the reception of the Pacchionian bodies. 


Fie. 220.—Frontal bone. Inner surface. 
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Horizontal Portion—This portion of the bone consists of two thin plates, the 
orbital plates, which form the vaults of the orbits, and are separated from one 
another by a median gap, the ethmoidal notch. l 

The external surface of each orbital plate consists of a smooth, concave, triangu- 
lar lamina of bone, marked atits anterior and external part (immediately beneath 
the external angular process) by a shallow depression, the lachrymal fossa, for 
lodging the lachrymal gland; and at its anterior and internal part, by a depres- 
sion (sometimes a small tubercle), the trochlear fossa, for the attachment of the 
cartilaginous pulley of the Superior oblique muscle of the eyeball. The ethmoidal 
notch separates the two orbital plates ; it is quadrilateral, and filled ‘up, in the 
articulated skull, by the cribriform plate of the ethmoid. The margins of this 
notch present several half-cells, which, when united with corresponding half-cells 
on the upper surface of the ethmoid, complete the ethmoidal cells ; two grooves 
are also seen crossing these edges transversely; they are converted into canals hy 
articulation with the ethmoid, and are called the anterior and posterior ethmoidal 
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canals: they open on the inner wall of the orbit. The anterior one transmits 
the nasal nerve and anterior ethmoidal vessels, the posterior one the posterior 
ethmoidal vessels. In front of the ethmoidal notch, on either side of the nasal 
spine, are the openings of the frontal air sinuses. These are two irregular 
cavities, which extend backwards, upwards and outwards, a variable distance, 
hetween the two tables of the skull, and are separated from one another by a 
thin, bony septum, which is often displaced to one side: Absent at birth, they 
are usually fairly well developed between the ninth and twelfth years. These 
cavities vary in size in different persons, are larger in men than in women, and 
are frequently of unequal size on the two sides, the right being commonly the 
larger.* They are lined hy mucous membrane, and communicate with the nose 
by the infundibulum. They rarely communicate with each other. 

" The internal surface presents the convex upper surfaces of the orbital plates, 

separated from each other in the middle line by the ethmoidal notch, and marked 
hy depressions for the convolutions of the frontal lobes of the brain, and faint 
svooves for meningeal arteries derived from the ophthalmic. 
” Borders.—The border of the vertical portion 1s thick, strongly serrated, 
bevelled at the expense of the internal table above, where it rests upon the parietal 
hones, and at the expense of the external table at each side, where it receives 
the lateral pressure of those bones ; this border is continued below into a tri- 
angular, rough surface, which articulates with the great wing of the sphenoid. 
The border of the horizontal portion is thin, serrated, and articulates with the 
lesser wing of the sphenoid. 

Structure.—The vertical portion and external angular processes are very 
thick, consisting of diploic tissue and the frontal air sinuses contained between 
two compact laminae. The horizontal portion is thin, translucent, and composed 
entirely of compact ‘tissue; hence the facility with which instruments can 
penetrate the cranium through this part of the orbit. 

Development (fig. 221).—The frontal bone is formed in membrane, being 
developed by two centres, one for each lateral half, which make their appearance 

about the seventh or eighth week, above 

Fre. 221.—Frontal bone at birth. the orbital arches. From this point 

Developed by two lateral halves. ossification extends, in a radiating man- 
ner, upwards into the forehead, and 
backwards over the orbit. At birth the 
bone consists of two pieces, which after- 
wards become united, along the middle 
line, by a suture which runs from the 
vertex of the bone to the root of the 
nose. This suture usually becomes ob- 
literated within a few years after birth ; 
but it occasionally remains throughout 
life, constituting the metopic suture. 
Secondary centres of ossification may 
appear for the nasal spine ; one on either 
side at the internal angular process where 
it articulates with the lachrymal bone ; 
and sometimes there is one on either side at the lower end of the coronal suture. 
This latter centre may remain ununited, and is known as the pterzon ossicle ; 
or it may join with the parietal, sphenoid, or temporal bone. 

Articulations.— With twelve bones: two parietal, the sphenoid, the ethmoid, 
two nasal, two superior maxillary, two lachrymal, and two malar. 

Attachment of Muscles.—To three pairs: the Corrugator supercilii, Orbicularis 
palpebrarum, and Temporal on each side. 





Tur TEMPORAL BONES 


The Temporal Bones (tempus, time) are situated at the sides and base of the 
skull. Each consists of four parts, viz.. the squamous or squamo-zygomatic, the 
petro-mastoid, the tympanic plate, and the styloid process. 


= Aldren Turner (The Accessory Sinuses of the Nose, 1901) gives the following measure- 


nats for a sinus of average size: height, 1} in. ; breadth, 1 in.; depth from before back- 
wards, 1 in. 
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The squamous portion (squama, a scale), the anterior and upper part of the 
bone, is scale-like in form, and thin and translucent in texture (ig. 222). Its 
outer surface is smooth, convex, and grooved at its back part for the deep tem- 
poral arteries ; it affords attachment to the Temporal muscle, and forms part of 
the temporal fossa. At its back part may be seen a curved ridge—part of the 
temporal ridge ; it serves for the attachment of the temporal fascia, and limits the 
origin of the Temporal muscle. The boundary between the squamous and mastoid 
portions of the bone, as indicated by traces of the original suture, lies fully half 
an inch below this ridge. Projecting from the lower part of the squamous 
purtion is a long, arched process of bone, the zygoma or zygomatic process. This 
process is at first directed outwards, its two surfaces looking upwards and down- 
wards; it then appears as if twisted upon itself, and runs forwards, its surfaces 
now looking inwards and outwards. The superior border of the process is long, 
thin, and sharp, and serves for the attachment of the temporal fascia. The 
inferior, short, thick, and arched, has attached to it some fibres of the Masseter 
muscle. Its outer surface is convex and subcutaneous: its inner is concave, 
and affords attachment to the Masseter muscle. The extremity, broad and deeply 


Fra. 222,—Left temporal bone. Outer surface. 
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serrated, articulates with the malar bone. The zygomatic process ìs connected to 
the temporal bone by three divisions, called its roots—an anterior, middle, and 
posterior. The anterior, which is short but broad and strong, is directed inwards, 
to terminate in a rounded eminence, the eminentia articularis. This eminence 
forms the front boundary of the glenoid fossa, and in the recent state is covered 
with cartilage. The middle root is known as the post-glenoid process, and is 
prominent in young bones. It separates the mandibular portion of the glenoid 
fossa from the external auditory meatus, and terminates at the commencement of 
a well-marked fissure, the Glaserian fissure. The posterior root, which is strongly 
marked, runs from the upper border of the zygoma, backwards above the external 
auditory meatus. Ti is termed the supra-mustotd crest, and forms the posterior 
part of the lower temporal ridge. At the junction of the anterior root with the 
Zygoma is a projection, called the tubercle, for the attachment of the external 
lateral ligament of the lower jaw; and between the anterior and middle roots is 
an oval depression, forming part of the glenoid fossa (yAjvy, a socket), for the 
reception of the condyle of the lower jaw. The glenoid fossa is bounded, in front, 
by the eminentia articularis ; behind by the tympanic plate, which separates it 
from the external auditory meatus; it is divided into two parts by a narrow 
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slit, the Glaserian fissure. The anterior or mandibular part, formed by the 
squamous portion of the bone, is smooth, covered in the recent state with 
cartilage, and articulates with the condyle of the lower jaw. This part of the fossa 
presents posteriorly a small conical eminence, the post-glenoid process, already 
referred to. This process is the representative of a prominent tubercle which, in 
some of the mammalia, descends behind the condyle of the jaw, and prevents it 
being displaced backwards during mastication ( umphry}. The posterior part 
of the glenoid fossa, which lodges a portion of the parotid gland, is formed by 
the tympanic plate, which constitutes the anterior, the inferior, and part of the 
posterior wall of the external auditory meatus. This plate of bone terminaves 
above in the Glaserian fissure, and below forms a sharp edge, the vaginal process, 
which encircles the root of the styloid process. The Glaserian fissure, which 
leads into the tympanum, lodges the processus gracilis of the malleus, and 
transmits the tympanic branch of the internal maxillary artery. The chorda 
tympani nerve passes through a canal (canal of Hugwier), separated from the 
anterior edge of the Glaserian fissure by a thin scale of bone and situated on 
the outer side of the Eustachian tube, in the retiring angle between the squamous 
and petrous portions of the temporal bone. This thin scale of bone is derived 
from the roof of the tympanum, and forms the greater part of the outer wall of 
the bony portion of the Slustachian tube. Between the posterior bony wall 
of the external auditory meatus and the posterior root of the zygoma is the area 
called the suprameatal triangle of Macewen. Through this space the surgeon 
pushes his instrument in order to reach the antrum of the mastoid process. 


Fig. 223.—Left temporal bone. Inner surface. 
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The internal surface of the squamous portion (fig. 223) is concave, presents 
numerous depressions for the convolutions of the cerebrum, and two well-marked 
grooves for the branches of the middle meningeal artery. 

Borders.—The superior border is thin, bevelled at the expense of the internal 
surface, so as to overlap the lower border of the parietal bone, forming the 
squamous suture. The anterior inferior border is thick, serrated, and bevelled, 
alternately at the expense of the inner and outer surfaces, for articulation with 
the great wing of the sphenoid. Posteriorly, the superior border ends by forming 
an angle with the mastoid portion of the hone, called the incisura parietalis. 
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The Petro-mastoid Portion consists of (a) the mastoid process, which forms a 
prominent, nipple-like mass behind the external auditory meatus; and (b) the 
petrous portion, which is pyramidal in shape, and projects inwards and forwards 
to form part of the floor of the skull. 

The Mastoid Portion (pacrds, a nipple or teat) is situated at the posterior part 
of the bone; its outer surface is rough, and gives attachment to the Occipito- 
frontalis and Retrahens auriculam muscles. It is perforated by numerous 
foramina; one of these, of large size, situated near the posterior border of the 
bone, is termed the mastoid foramen; it transmits a vein to the lateral sinus and 
a small artery from the occipital, to supply the dura mater. The position and 
size of this foramen are very variable. It is not always present ; sometimes it is 
sittated in the occipital bone, or in the suture between the temporal and the 
occipital. The mastoid portion is continued below into a conical projection, the 
mastoid process, the size and form of which vary somewhat; it is larger in the 
male than in the female. This process serves for the attachment of the Sterno- 
mastoid, Splenius capitis, and Trachelo-mastoid muscles. On the inner side of 
the mastoid process is a deep groove, the digastric fossa or incisura mastoidea, for 


Fre. 224.—-Section through the temporal bone, showing the communication of 
the cavity of the tympanum with the mastoid antrum. 
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the attachment of the Digastric muscle ; and, running parallel with it, but more 
internal, the occipital groove, which lodges the occipital artery. The internal 
surface of the mastoid portion presents a deep, curved groove, the fossa sigmotdea, 
which lodges part of the lateral sinus; and into it may be seen opening the 
mastoid foramen. The groove for the lateral sinus is separated from the inner- 
most of the mastoid air-cells by only a thin lamina of bone, and even this may 
be partly deficient. A section of the mastoid process shows it to be hollowed 
out into a number of cellular spaces, communicating with each other, called the 
mastoid cells, which exhibit the greatest possible variety as to their size and 
number. At the upper and front part of the bone these cells are large and 
irregular and contain air, but towards the lower part of the bone they diminish 
in size, while those at the apex of the mastoid process are quite small and usually 
contain marrow. Occasionally they are entirely absent, and the mastoid is solid 
throughout. In addition to these a large irregular cavity (fig. 224) is situated at 
the upper and front part of the bone. It is called the mastoid antrum, and must 
be distinguished from the mastoid cells, though it communicates with them. Like 
the mastoid cells it is filled with air and lined by a prolongation of the mucous 
membrane of the tympanic cavity, with which it communicates. The mastoid 
antrum is bounded above by a thin plate of bone, the tegmen tympant, which 
O 
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separates it from the middle fossa of the base of the skull; below by the mastoid 
process ; extérnally by the squamous portion of the bone just below the supra- 
mastoid crest, and internally by the external semicircular canal of the internal 
ear which projects into its cavity. The opening by which it communicates with 
the tympanum is situated at the superior internal angle of the posterior wall of 
that cavity, and opens into that portion of the tympanic cavity which is known 
as the attic or epitympanic recess ; that is to say, the portion of the tympanic 
cavity which is above the level of the membrana tympani. 

The mastoid cells are not developed until towards puberty; hence the 
prominence of the mastoid process in the adult: the mastoid antrum, on the 
other hand, is of large size at birth. 


In consequence of the communication which exists between the tympanic cavity and 
mastoid antrum, inflammation of the lining membrane of the former cavity may easily 
travel backwards to that of the antrum and inastoid air-cells, leading to caries and 
necrosis of their walls and the risk of transference of the inflammation to the lateral sinus 
or encephalon. 


Borders.—The superior border of the mastoid portion is broad and rough, its 
serrated edge sloping outwards, for articulation with the posterior inferior angle 
of the parietal bone. The posterior border, also uneven and serrated, articulates 
with the inferior border of the occipital bone between its lateral angle and jugular 
process. Anteviorly it is fused with the squamous portion of the bone above, and 
helow eniers into the formation of the external auditory meatus and the cavity of 
the tympanum. 

The Petrous Portion (zérpos, a stone), so named from its extreme density and 
hardness, is a pyramidal process of bone, wedged in at the base of the skull 
between the sphenoid and occipital bones. It is directed inwards, forwards, 
and a little upwards. It presents for examination a base, an apex, three surfaces, 
and three borders; and contains, in its interior, the essential parts of the organ 
of hearing. The base is applied against the internal surface of the squamous 
and mastoid portions. 

The apex of the petrous portion, rough and uneven, is received into the 
angular interval between the posterior border of the greater wing of the sphenoid 
and the basilar’ process of the occipital; it presents the anterior or internal 
orifice of the carotid canal, and forms the posterior and external boundary of the 
foramen lacerum medium. 

The anterior surface of the petrous portion (fig. 223) forms the posterior part 
of the middle fossa of the base of the skull. This surface is continuous with the 
squamous portion, to which it is united by a suture, the petro-squamous suture, 
the remains of which are distinct even at a late period of hfe. It is marked by 
digital depressions for the convolutions of the brain, and presents six points for 
examination : 1. an eminence {eminentia arcuata) near the centre, which indicates 
the situation of the superior semicircular canal: 2. in front and a little to the 
outer side of this eminence a depression, indicating the position of the tympanum ; 
here the layer of bone which separates the tympanum from the cranial cavity is 
extremely thin, and is known as the tegmen tympani: 3. a shallow groove, some- 
times double, leading outwards and backwards to an oblique opening, the hiatus 
Fallopii, for the passage of the large superficial petrosal nerve and the petrosal 
branch of the middle meningeal artery: 4. a smaller opening, occasionally seen 
external to the latter, for the passage of the small superficial petrosal nerve : 
s. near the apex of the bone, the termination of the carotid canal, the wall of 
which in this situation is deficient in front: 6. above this canal a shallow 
depression for the reception of the Gasserian ganglion. 

The posterior surface forms the front part of the posterior fossa of the base of 
the skull, and is continuous with the inner surface of the mastoid portion of the 
bone. It presents three points for examination: 1. about its centre is a large 
orifice, the meatus acusticus internus, the size of which varies considerably ; its 
margins are smooth and rounded; and it leads into a short canal, about four 
lines in length, which runs directly outwards. This canal is closed externally by 
a vertical plate, the lamina cribrosa, which is divided by a horizontal crest, the 
crista falerformis, into two unequal portions (fig. 225). Each portion is further 
subdivided by a little vertical ridge into anterior and posterior parts. The lower 
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portion presents three sets of foramina; one group, just below the posterior part 
of the crest; forms the area cribrosa media, and consists of a number of small 
openings for the nerves to the saccule; 

below and posterior to this, the foramen Fig. 22 5.—Diagrammatic view of the 
singulare, or opening for the nerve to the fundus of the internal auditory meatus. 
posterior semicircular canal; in front (Testut.) 

and below the first, the tractus. spiralis 
forammosus, consisting of a number of 
small spirally arranged openings, which 
terminate in the canalis centralis cochlee 
and transmit the nerves to the cochlea. 
The upper portion, that above the crista, 
presents behind a series of small open- 
ings, the area cribrosa superior, for the 
passage of filaments to the utricle and 
superior and external semicircular canals, 
and, in front, the area facialis, with one 
large opening, the commencement of the 
aqueductus Fallopii, for the passage of 
the facial nerve: 2. behind the meatus 





auditorius is a small slit almost hidden caren a” 3 ii, Pte 
. : 1. Crista falciformis, 2, Area facializ, with (2°) In- 
by a thin plate of bone, leading toa canal, ternal opening of the aquaxluctus Fallopii. 3. Ridge 
the aqueductus vestibuli, which transmits separating the area facialis from the area cribrosa 
' : with superior. 4. Area cribrosa superior, with (4°) Open- 
the ductus endolymphaticus together wit ings for nerve filaments. s. Anterior inferior cribri- 
= IIL a i in. form area, with (5’) the tractus spiralis foraminosus, 
a small artery and veih: Tar the in and (5) the canalis centralis of the cochlea, 


terval between these two openings, but 6. Ridge separating the tractus spiralis fomminosus 


: ° from the area cribrosa media. y. Area cribrosa 
above them, HS aa angular depression media, with (7’) orifices for nerves to saccule. 
which lodges a process of the dura mater, 8. Foramen singulare, 


and transmits a small vein into the can- Ba 
cellous tissue of the bone. In the child this depression is represented by a large 
fossa, the fossa subarcuata, which extends backwards as a blind tunnel under 
the superior semicircular canal. 

The inferior or basilar surface (fig. 226) is rough and irregular, and forms part 
of the base of the skull. Passing from the apex to the base, this surface presents 
eleven points for examination: 1. a rough surface, quadrilateral in form, which 
serves partly for the attachment of the Levator palati muscle and cartilaginous 
portion of the Eustachian tube ; and partly for connection with the basilar process 
of the occipital bone through the intervention of dense fibrous tissue: 2. the 
large, circular aperture of the carotid canal, which ascends at first vertically, and 
then, making a bend, runs horizontally forwards and inwards; it transmits the 
internal carotid artery, and the carotid plexus of nerves: 3. to the inner side of 
the opening for the carotid canal and close to the posterior border, in front of the 
jugular fossa, is a triangular depression, on the floor of which is a small opening, 
the aqueductus cochlez, which lodges a tubular prolongation of the dura mater 
and transmits a vein from the cochlea to join the internal jugular: 4. behind 
these openings a deep depression, the jugular fossa, which varies in depth and size 
in different skulls; it lodges the bulb of the internal jugular vein, and, with a 
similar depression on the margin of the jugular process of the occipital bone, 
forms the foramen lacerum posterius, or jugular foramen: 5. a small foramen 
for the passage of Jacobson’s nerve (the tympanic branch of the glosso- 
pharyngeal) ; this foramen is seen in the bony ridge dividing the carotid canal 
from the jugular fossa : 6. a small foramen in the outer part of the ju ular fossa, 
for the entrance of the auricular branch of the pneumogasiric (Arnol s nerve) : 
7. behind the jugular fossa, a quadrilateral area, the jugular surface ; itis covered 
with cartilage in the recent state, and articulates with the jugular process of the 
occipital bone :. 8. the vaginal process, a very broad, sheath-like plate of bone, 
which extends backwards from the curotid canal and divides behind into two 
laminæ, the outer of which is continuous with the tympanic plate, the inner with 
the jugular process; between these laming is the 9th point for examination, the 
styloid process, a sharp spine, about an inch in length: ro. the stylo-mastoul 
foramen, a rather large orifice, placed between the styloid and mastoid processes ; 
it is the termination of the aqueeductus Fallopii, and transmits the facial nerve 


and stylo-mastoid artery: 11. the auricular fissure, situated between the tympanic 
02 
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plate and mastoid processes, for the exit of the auricular branch of the pneumo- 
astric nerve. 
j Borders.—The superior, the longest, is grooved for the superior petrosal sinus, 
and has attached to it the tentorium cerebelli; at its inner extremity 1s a 
semilunar notch, upon which the fifth nerve lies. The posterior border is 
intermediate in length between the superior and the anterior. Its inner half is 
marked by a groove, which, when completed by its articulation with the occipital 
bone, forms the channel for the inferior petrosal sinus. Its outer half presents an 
excavation—the jugular fossa—which, with a similar notch on the occipital, forms 
the foramen lacerum posterius. A projecting eminence of bone occasionally 
stands out from the centre of the notch, and divides the foramen into two. 
The anterior border is divided into two parts—an outer joined to the squamous 
portion by a suture (petro-squamous), the remains of which are distinct ; an Inner, 
free, articulating with the spinous process of the sphenoid. At the angle of junc- 
tion of the petrous and squamous portions are seen two canals, separated from 


Fig. 226.—Left temporal bone. Inferior surface. 
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one another bya thin plate of bone, the processus cochleariformis ; they both lead 
into the tympanum, the upper one transmitting the Tensor tympani muscle, the 
lower one forming the bony part of the Eustachian tube. 

The tympanic cavity and auditory ossicles, and the internal ear, are described 
with the organ of hearing. 

The Tympanic Plate consists of a curved plate of bone lying below the 
squamous portion and in front of the mastoid process. Its postero-superior surface 
is concave, and forms the anterior wall, the floor, and part of the posterior wall 
of the bony external auditory meatus. Internally, it presents a narrow furrow, 
the sulcus tympanicus, for the attachment of the membrana tympani. Its antero- 
inferior surface is quadrilateral and slightly concave ; it constitutes the posterior 
boundary of the glenoid cavity, and is in contact with the retro-mandibular part 
of the parotid gland. Its outer border is free and rough; it is named the external 
auditory process, and gives attachment to the cartilaginous part of the external 
auditory meatus. Internally, the tympanic plate is fused with the petrous. 


TEMPORAL BONES 197 


portion, and appears in the retreating angle between it and the squamous portion, 
where it lies below and to the outer side of the orifice of the Eustachian tube. 
Posteriorly, it blends with the squamous and mastoid parts, and forms the 
anterior boundary of the auricular fissure. Its antero-superior border fuses 
externally with the back of the post-glenoid process, while internally it bounds. 
the Glaserian fissure. The lower border is thin and sharp at its inner part; its 
outer part splits to enclose the root of the styloid process, and is therefore named 
the vaginal process. The central portion of the tympanic plate is thin, and ina 
considerable percentage of skulls is perforated by a hole, the foramen of Huschke. 

The external auditory meatus is directed inwards and slightly forwards: at 
the same time it forms a slight curve, so that the floor of the canal is convex 
upwards. It measures about three-quarters of an inch in length, and presents 
an oval or elliptical shape—its long axis being directed downwards and 
slightly backwards. As has been pointed out, its anterior wall, its floor, and the 
lower part of its posterior wall are formed by the tympanic plate ; the roof and 
upper part of the posterior wall belong to the squamous portion. Its inner end 
is closed, in the recent state, by the membrana tympani: the upper limit of its 
outer orifice is formed by the posterior root of the zygoma, immediately below 
which there is sometimes seen a small spine, the suprameatal spine, situated 
at the upper and posterior part of the orifice. 

The Styloid process is slender, pointed, and of varying length; it projects 
downwards and forwards, from the under aspect of the temporal bone, beyond 
the tympanic plate. Its proximal part (tympano-hyal) is ensheathed by the 
vaginal process, while its projecting portion (stylo-hyal) gives attachment to 
the stylo-hyoid and stylo-mandibular ligaments, and to the Stylo-glossus, Stylo- 
hyoid, and Stylo-pharyngeus muscles. The stylo-hyoid ligament extends from 
the apex of the process to the lesser cornu of the hyoid bone, and may undergo 
partial or complete ossification. 

Structure.—The squamous portion is like that of the other cranial bones: the 
mastoid portion cellular, and the petrous portion dense and hard. 

Development (fig. 227)—The temporal bone is developed by eight centres, 
exclusive of those for the internal ear and the ossicula—viz. one for the squamous 
portion including the zygoma, one 
for the tympanic plate, four for Fre. 227.—Development of the temporal bone. 
the petro-mastoid part, and two By eight centres. 
for the styloid process. Just be- 
fore the close of foetal life the 
temporal bone consists of four 
parts: 1. The squamo-zygomatie, 





which is ossified in membrane 1 for 
from a single nucleus; this ap- squamous 
pears near the root of the zygoma aeron 
about the second month. 2. The zygoma - 


petro-mastoid, which is developed znd month 
from four centres; these make 

their appearance in the cartila- 1 for tympanic 
ginous ear-capsule about the fifth ny 

or sixth month. One (prootic) 

appears in the neighbourhood 

of the eminentia arcuata, spreads 4 for petrous 
in front and above the internal «%4 mastoid 
auditory meatus and extends i 

to the apex of the bone; it AWA 
forms part of the cochlea, vesti- 2 for styloid process 
bule, superior semicircular canal, } | 
and imner wall of the tympanic cavity. A second (opisthotic) appears at the 
promontory on the inner wall of the tympanum and surrounds the fenestra 
rotunda; it forms the floor of the tympanum and vestibule, surrounds the 
carotid canal, invests the outer and lower part of the cochlea, and spreads 
inwards below the internal auditory meatus. A third (pterotic} roofs in the 
antrum and tympanic cavity; while the fourth (epiotic) appears near the pos- 
terior semicircular canal and extends to form the mastoid process (Vrolik). 
3. The tympanic ring, an incomplete circle in the concavity of which is a groove, 
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the sulcus tympanicus, for the attachment of the circumference of the tympanic 
membrane. This is also ossified from a single centre which appears about the 
third month. 4. The styloid process, which is developed from the proximal part 
of the cartilage of the second visceral arch by two centres: one for the base, 
which appears before birth, and is termed the tympano-hyal; the other, com- 
prising the rest of the process, is named the stylo-hyal, and does not appear until 
after birth. Shortly before birth the tympanic plate joins with the squamous. 
The petro-mastoid joins with the squamous during the first year, and the 
tympano-hyal portion of the styloid process about the same time. The stylo- 
hyal does not join the rest of the bone until after puberty, and in some 
skulls never becomes united. The chief subsequent changes in this bone are: 
(1) The tympanic ring extends outwards and backwards so as to form the 
tympanic plate. This extension does not, however, take place at an equal 
rate all round the circumference of the ring, but occurs most rapidly on 
its anterior and posterior portions, and these outgrowths meet and blend, and 
thus, for a time, there exists in the floor of the meatus a foramen, the foramen of 
Huschke: this foramen may persist throughout life. (2) The glenoid cavity is 
at first extremely shallow, and looks outwards as well as downwards ; it becomes 
deeper and is ultimately directed downwards. Its change in direction is 
accounted for as follows: The part of the squamous temporal which supports iù 
lies at first below the level of the zygoma. . As, however, the base of the skull 
increases in width, this lower part of the squama is directed horizontally inwards 
to contribute to the middle fossa of the skull, and its surfaces therefore come to 
look upwards and downwards; the attached portion of the zygoma becomes everted, 
and projects like a shelf at right angles to the squama. (3) The mastoid portion 
is at first quite flat, and the stylo-mastoid foramen and rudimentary styloid 
process lie immediately behind the tympanic ring. With the development of the 
air-cells the outer part of the mastoid portion grows downwards and forwards 
to form the mastoid process, and the styloid process and stylo-mastoid foramen 
now come to lie on the under surface. The descent of the foramen is necessarily 
accompanied by a corresponding lengthening of the aqueduct of Fallopius. 
(4) The downward and forward growth of the mastoid process also pushes forward 
the tympanic plate, so that the portion of it which formed the original floor of 
the meatus and contained the foramen of Huschke is ultimately found in the 
anterior wall. (5) With the gradual increase in size of the petrous portion, the 
fossa subarcuata becomes filled up and almost obliterated. 

Articulations— With five bones: occipital, parietal, sphenoid, inferior 
maxillary, and malar. 

Attachment of Muscles.—To fourteen: to the squamous portion, the Temporal ; 
to the zygoma, the Masseter; to the mastoid portion, the Occipito-frontalis, 
Sterno-mastoid, Splenius capitis, Trachelo-mastoid, Digastricus, and Retrahens 
auriculam ; to the styloid process, the Stylo-pharyngeus, Stylo-hyoid, and Stylo- 
glossus; and to the petrous portion, the Levator palati, Tensor tympani, and 
Stapedius. 


THE SPHENOID Bone 


The Sphenoid Bone (odyy, a wedge) is situated at the anterior part of the base 
of the skull, articulating with all the other cranial bones, and binding them firmly 
and solidly together. In its form it somewhat resembles a bat with its wings 
extended; and is divided into a central portion or body, two greater and two 
lesser wings extending outwards on each side of the body, and two processes— 
the pterygoid processes—which project from it below. 

The body is of large size, and hollowed out in its interior so as to form a mere 
shell of bone. It presents for examination fowr surfaces—a superior, an inferior, 
an anterior, and a posterior. 

The Superior Surface (fig. 228).—In front is seen a prominent spine, the 
cthmoidal spine, for articulation with the cribriform plate of the ethmoid ; behind 
this a smooth surface presenting, in the median line, a slight longitudinal 
eminence, with a depression on each side, for lodging the olfactory lobes of the 
brain. This surface is bounded behind by a ridge, which forms the anterior 
border of a nariow, transverse groove, the optic groove, above and behind which 
lies the optic commissure; the groove terminates on either side in the optic 

foramen, for the passage of the optic nerve and ophthalmic artery. Behind the 
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optic groove is a small eminence, olive-like in shape, the olivary process; and still 
more posteriorly, a deep depression, the pituitary fossa, or sella turcica, which 
lodges the pituitary body. This fossa is perforated by numerous foramina, for the 
transmission of nutrient vessels into the substance of the bone. It is bounded 
in front by two small eminences, one on either side, called the nuddle clinoid 
processes (kAivn, a bed), which are sometimes connected by a spiculum of bone to 
the anterior clinoid processes (see below), and behind by a square-shaped plate 
of bone, the dorsum ephippii or dorsum sell@, terminating at its superior angles 
in two tubercles, the posterior clinoid processes, the size and form of which vary 
considerably in different individuals. These processes deepen the pituitary fossa, 
and serve for the attachment of prolongations from the tentorium cerebelli. 
The sides of the dorsum ephippii are notched for the passage of the sixth pair of 
nerves, and below present a sharp process, the petrosal process, which is joined 
to the apex of the petrous portion of the temporal bone, forming the inner 
boundary of the middle lacerated foramen. Behind the dorsum sellæ, the bone 
presents a shallow depression, which slopes obliquely backwards, and is con- 
tinuous with the basilar groove of the occipital bone; it is called the clivus, and 
supports the upper part of the pons Varolii. On either side of the body is a 


Fig. 228.—Sphenoid bone. Superior surface. 
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broad groove, curved something like the italic letter f; it lodges the internal 
carotid artery and the cavernous sinus, and is called the carotid or cavernous 
groove. Along the outer margin of this groove, at its posterior part, is a ridge of 
bone, in the angle between the body and greater wing, called the lingula. The 
posterior surface, quadrilateral in Ea is joined to the basilar process of the 
occipital bone. During childhood these bones ars separated by a layer of 
cartilage ; but in after-life (between the eighteenth and twenty-fifth years) this 
becomes ossified, ossification commencing above and extending downwards ; 
and the two bones then form one piece. The anterior surface (fig. 229) presents, 
in the middle line, a vertical ridge of bone, the sphenoidal crest, which articulates 
with the perpendicular plate of the ethmoid, forming part of the septum of the 
nose. On either side of it are irregular openings leading into the sphenoidal 
air-cells or sinuses. These are two large, irregular cavities hollowed out of the 
interior of the body of the sphenoid bone, antl separated from one another by a 
more or less complete perpendicular bony septum. Their form and size vary 
considerably ; * they are seldom symmetrical, and are often partially subdivided 
by irregular osseous lamine. Occasionally, they extend into the basilar process 
of the occipital nearly as far as the foramen magnum. The septum is seldom 


** Aldren Turner (op. cit.) gives the following as their average measurements: 
vertical height, $ in. ; antero-posterior depth, 4 in. ; transverse breadth, } in. 
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quite vertical, being commonly bent to one or the other side. These sinuses 
begin to be developed in the third year, and are of a considerable size by the age 
of six. They are partially closed, in front and below, by two thin, curved plates 
of bone, the sphenoidal turbinated bones, leaving & round opening at their upper 
parts, by which they communicate with the upper and back part of the nose and 
occasionally with the posterior ethmoidal cells or sinuses. The lateral margin 
of this surface presents a serrated edge, which articulates with the os planum of 
the ethmoid, completing the posterior ethmoidal cells ; the lower margin, also 
rough and serrated, articulates with the orbital process of the palate bone ; 
and the upper margin with the orbital plate of the frontal bone. The inferior 
surface presents, in the middle line, a triangular spine, the rostrwm, which is 
continuous with the sphenoidal crest on the anterior surface, and is received into 
a deep fissure between the ale of the vomer. On each side may be seen a 
projecting lamina of bone, which runs horizontally inwards from near the base 
of the pterygoid process: these laming are termed the vaginal processes, and 
articulate with the edges of the vomer. Close to the root of the pterygoid 
process is a groove, formed into a complete canal when articulated with the 


Fig. 229.—Sphenoid bone. Anterior surface.* 
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sphenoidal process of the palate bone; it is called the pterygo-palatine canal, 
and transmits the pterygo-palatine vessels and pharyngeal nerve. 

The Greater Wings are two strong procésses of bone, whiclr arise from the 
sides of the body, and are curved in a direction upwards, outwards and backwards 
and prolonged behind into a sharp-pointed extremity, the spinous process of the 
sphenoid. Each wing presents three surfaces and a circumference. The superior 
or cerebral surface (fig. 228) forms part of the middle fossa of the skull; it is 
deeply concave, and presents depressions for the convolutions of the brain. 
At its anterior and internal part is seen a circular aperture, the foramen 
rotundum, for the transmission of the second division of the fifth nerve. Behind 
and external to this is a large, oval foramen, the foramen ovale, for the trans- 
mission of the third division of the fifth nerve, the small meningeal artery, 
and sometimes the small superficial petrosal nerve.f At the inner side of the 
foramen ovale, a small aperture, the foramen Vésalu, may occasionally be seen 
opposite the root of the pterygoid process ; it opens near the scaphoid fossa, 
and transmits a small vein from the cavernous sinus. Lastly, in the posterior 
angle, near to the spine of the sphenoid, is a short canal, sometimes double, 


= In this figure, both the anterior and inferior surfaces of th j 
> ; e body of the sphenoid 
bone are shown, the bone being held with the pterygoid processes almost Ezadi. 
+ The small petrosal nerve sometimes passes through a special canal (canaliculus 


me of Arnold) situated on the inner side of the foramen spinosum, the foramen 
vale. 
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the foramen spinosum; it transmits the middle meningeal artery and vein 
and a recurrent branch from the third division of the fifth cranial nerve. The 
external surface (fig. 229) is convex, and divided by a transverse ridge, the 
pterygoid ridge or imfratemporal crest, into two portions. The superior or 
larger, convex from above downwards, concave from before backwards, enters 
into the formation of the temporal fossa, and gives attachment to part of the 
Temporal muscle. The inferior portion, smaller in size and concave, enters 
into the formation of the zygomatic fossa, and affords attachment to the 
External pterygoid muscle. It presents the opening of the foramen ovale, and, 
at its posterior part, a sharp-pointed eminence of bone, the spinous process, 
which is perforated by the foramen spinosum and frequently grooved on its 
mner aspect for the chorda tympani nerve. To the spinous process are con- 
nected the internal lateral ligament of the mandible and the Tensor palati 
muscle. The cartilaginous part of the Eustachian tube is supported by the 
inner surface of the spine of the sphenoid. The pterygoid ridge, dividing the 
temporal and zygomatic portions, gives attachment to part of the External 
pterygoid muscle. At its inner and anterior extremity is a triangular spine 
of bone, which serves to increase the extent of origin of this muscle. The 
anterior or orbital surface, smooth, and quadrilateral in shape, forms the greater 
part of the outer wall of the orbit. It is bounded above by a serrated edge, for 
articulation with the frontal bone; below, by a rounded border, which enters 
into the formation of the spheno-maxillary fissure. Internally, it presents 
a sharp border, which forms the lower boundary of the sphenoidal fissure 
and has projecting from about its centre a little tubercle of bone, which gives 
attachment to the inferior common ligament of origin of the muscles of the eye- 
ball ; and at its upper part is a notch for the transmission of a recurrent branch of 
the lachrymal artery ; externally, it presents a serrated margin for articulation 
with the malar bone. At the inner and lower part of the anterior surface, 
immediately below the inner end of the Gioia! Mea, is a grooved surface, 
which presents the opening of the foramen rotundum and forms the posterior 
wall of the spheno-maxillary fossa. Circumference of the great wing (fig. 228): 
commencing from behind; that portion of the circumference which extends 
from the body of the sphenoid to the spine is serrated and articulates by its 
outer half with the petrous portion of the temporal bone; while the inner 
half forms the anterior boundary of the foramen lacerum medium, and presents 
the posterior aperture of the Vidian canal for the passage of the Vidian nerve 
and artery. In front of the spine the circumference of the great wing presents 
a serrated edge, bevelled at the expense of the inner table below, and of the 
outer table above, which articulates with the squamous portion of the temporal 
bone. At the tip of the great wing a triangular portion is seen, bevelled at the 
expense of the internal surface, for articulation with the anterior inferior angle 
of the parietal bone; this region is named the pteriwn. Internal to this is 
a triangular, serrated surface, for articulation with the frontal bone: this surface 
is continuous internally with the sharp inner edge of the orbital plate, which 
assists in the formation of the sphenoidal fissure, and externally with the 
serrated margin for articulation with the malar bone. 

The Lesser Wings (processes of Ingrassias) are two thin, triangular plates of 
bone, which arise from the upper and lateral parts of the body of the sphenoid, 
and, projecting transversely outwards, terminate in sharp points (fig. 228). 
The superior surface of each is smooth, flat, broader internally than externally, 
and supports part of the frontal lobe of the brain. The inferior surface forms 
the back part of the roof of the orbit, and the upper boundary of the sphenoidal 
fissure or foramen lacerum anterius. It gives attachment, close to the margin 
of the optic foramen, to the Levator palpebree superioris muscle. The sphenoidal 
fisswre is of a triangular form, and leads from the cavity of the cranium into 
the orbit: it is bounded internally by the body of the sphenoid; above, by the 
lesser wing; below, by the internal margin of the orbital surface of the great 
wing; and is converted into a foramen by the articulation of this bone with 
the frontal. It transmits the third, the fourth and the sixth nerves, the three 
branches of the ophthalmic division of the fifth nerve, some filaments from the 
cavernous plexus of the sympathetic, the orbital branch of the middle meningeal 
artery, a recurrent branch from the lachrymal artery to the dura mater, and 
the ophthalmic vein. The anterior border of the lesser wing is serrated for 
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articulation with the frontal bone; the posterior, smooth and rounded, is 
received into the Sylvian fissure of the brain. The inner extremity of this 
border forms the anterior clinoid process, to which the tentorium cerebelli is 
attached. The lesser wing is connected to the side of the body by two roots, 
the upper thin and flat, the lower thicker, obliquely directed, and presenting 
on its outer side, near its junction with the body, a small tubercle, for the 
attachment of the superior common tendon of origin of three of the muscles 
of the eye. Between the two roots is the optic foramen, for the transmission 
of the optic nerve and ophthalmic artery. 

The Pterygoid Processes (rrépvé, a wing ; elos, likeness), one on each side, 
descend perpendicularly from the a where the body and greater wing unite 
(fig. 230). Hach process consists of an external and an internal plate, which are 
joined together by their anterior borders above, but are separated below, leaving 
an angular cleft, the pterygoid notch, in which the pterygoid process or tuberosity 
of the palate bone is received. The two plates diverge from each other from 
their line of connection in front, so as to form a V-shaped fossa, the pterygoid 
fossa. The external pterygoid plate is broad and thin, and turned a little out- 
wards ; its outer surface forms part of the inner wall of the zygomatic fossa, and 
gives attachment to the External pterygoid ; its inner surface forms part of the 
pterygoid fossa, and gives attachment to the Internal pea. The internal 

pterygoid plate is much nar- 
Fic. 230,—Sphenoid bone. Posterior surface. rower and longer, curving 
outwards, at its extremity, 
into a hook-like process of 
bone, the hamular process, 
around which turns the 
tendon of the Tensor palati 
muscle. The outer surface 
of this plate forms part of 
the pterygoid fossa, the inner 
surface constitutes the outer 
boundary of the posterior 
aperture of the nares. On 
the posterior surface of the 
base of the process, above 
the pterygoid fossa, is a small, 
oval, shallow depression, the 
scaphoid fossa, from which 
arises the Tensor palati, and 
above which is seen the posterior orifice of the Vidian canal. Below and to the 
inner side of the Vidian canal, on the posterior surface of the base of the internal 
plate, is a little prominence, which is known by the name of the pterygoid 
tubercle. The pharyngeal aponeurosis is attached to the posterior edge of the 
internal plate, and to its lower third the Superior constrictor of the pharynx. 
The anterior surface of the pterygoid process is very broad at its base, and forms 
the posterior wall of the spheno-maxillary fossa. It supports Meckel’s ganglion. 
It presents, above, the anterior orifice of the Vidian canal; and below, a rough 
margin, which articulates with the perpendicular plate of the palate bone. 

The Sphenoidal Spongy Bones are two thin, curved plates of bones, which 
exist as separate pieces until puberty, and occasionally are not joined to the 
sphenoid in the adult. They are situated at the anterior and inferior part of the 
body of the sphenoid, an aperture of variable size being left in their anterior 
wall, through which the sphenoidal sinuses open into the nasal fosse. They are 
irregular in form, and taper to a point behind, being broader and thinner in front. 
Their upper surface, which looks towards the cavity of the sinus, is concave; their 
under surface is convex, and forms part of the roof of the nasal fosse. Each 
bone articulates in front with the ethmoid, externally with the palate ; its pointed 
posterior extremity is placed above the vomer, and is received between the root 


of the pterygoid process on the outer side and the rostrum of the sphenoid on 
the inner.* 





"= A small portion of sphenoidal turbinated bone sometimes enters into the forma- 
tion of the inner wall of the orbit, between the os planum of the ethmoid in front, the 
orbital plate of the palate below, and the frontal above. Cleland, Roy. Soc. Trans. 1862. 
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Development.—Up to about the eighth month of foetal life the sphenoid bone 
consists of two distinct parts: a posterior or post-sphenoid part, which comprises 
the pituitary fossa, the greater wings, and the pterygoid processes ; and an anterior 
or pre-sphenord part, to which the anterior part of the body and lesser wings 
belong. It is developed by fourteen 


centres: eight for the post-sphenoid Fig. 231.—Plan of the development of 





division, and six for the pre-sphenoid sphenoid. By fourteen centres. 
(ig. 231). The eight centres for the ond Tr a iv aio 
post-sphenoid are—one for each greater lesser wing part of body 
wing and external pterygoid plate, one a 


for each internal pterygoid plate, two 
for the posterior part of the body, and 
one on each side for the lingula. The 
ix for the pre-sphenoid are one for each 
lesser wing, two for the anterior part of 






the body, and one for each sphenoidal j | A deere \ 
turbinated bone.* one for each internal” \ | Y 
Post-sphenoid Division. — The first Vp ea ` 


nuclei to appear are those for-the greater e aA a ae 
wings (ali-sphenoids). They make their ene PPA 
appearance between the foramen rotun- 7 aeh Sahenoidat tarčineted bona 

dum and foramen ovale about the eighth 
week, and from them the esal pterygoid plates are also formed.t Soon 
after, the nuclei for the posterior part of the body appear, one on either side of 
the sella turcica, and become blended together about the middle of fœtal life. 
The internal pterygoid plates are ossified in membrane, and their centres pro- 
bably appear about the ninth or tenth week (Fawcett, op. cit.); they become 
joined to the external pterygoid plate about the sixth month. The remaining 
centres appear about the fourth month, and those for the lingule speedily become 
joined to the rest of the bone. 

Pre-sphenoid Division.—The first nuclei to appear are those for the lesser 
wings (orbito-sphenaqids). They make their appearance about the ninth week, at 
the outer borders of the optic foramina. A second pair of nuclei appear on the 
inner side of the foramina shortly after, and becoming united, form the front part 
of the body of the bone. The remaining two centres for the sphenoidal turbinated 
bones make their appearance about the fifth month. At birth they consist of 
small triangular laminæ, and it is not till the third year that they become 
hollowed out amd cone-shaped. About the fourth year they become fused with 
the lateral masses of the ethmoid, i.e. several years before they unite with the 
sphenoid, and hence, from an embryological point of view, may be regarded as 
belonging to the ethmoid. 

The pre-sphenoid is united to the post-sphenoid about the eighth month, so 
that at birth the bone consists of three pieces—viz. the body in the centre, and 
on each side the great wings with the pterygoid processes. The lesser wings 
become joined to the body at about the time of birth. In the first year after 
birth the greater wings and body are united. From the tenth to the twelfth 
year the spongy bones are partially united to the sphenoid, their junction being 
completed by the twentieth year. Lastly, the sphenoid joins the occipital from 
the eighteenth to the twenty-fifth year. Between the pre- and post-sphenoid 
divisions there are occasionally seen the remains of a canal (cranio-pharyngeal 
canal), through which, in early foetal life, the pituitary diverticulum (or pouch of 
Rathke) of the buccal ectoderm is transmitted. 

The sphenoid has attached to it certain intrinsic ligaments, which have 
received special names. The most important of these are: the pterygo-sp ous, 
which is attached to the spinous process and the internal pterygoid plate (see 
cervical fascia) ; the spheno-mandibular, or internal lateral ligament of the lower 
jaw (see temporo-mandibular joint); the interclinoid, a fibrous process which 
passes from the anterior to the posterior clinoid process; and the carotico-clinoid, 


* According to Cleland, the sphenoidal turbinated bones are ossified from four 
distinct centres. 

+ Fawcett (Anatomischer Anzetger, March 1905) states that the external pterygoid 
plate is ossified in membrane, and is not a downward continuation of the cartilaginous 
great wing. 
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which passes from the anterior to the middle clinoid process. These ligaments 
occasionally ossify, and form adventitious foramina. 

Articulations.—The sphenoid articulates with all the bones of the cranium, 
and five of the face—the two malar, two palate, and vomer: the exact extent of 
articulation with each bone is shown in the accompanying figures.* 

Attachment of Muscles.--To eleven pairs: the Temporal, External pterygoid, 
Internal pterygoid, Superior constrictor, Tensor palati, Levator palpebre, 
and Superior oblique, Superior rectus, Internal rectus, Inferior rectus, External 
rectus of the eyeball. 


THE Erumoip Bone 


The Ethmoid (Pus, a sieve) is an exceedingly light, spongy bone, of a cubical 
shape, situated at the anterior part of the base of the cranium, between the two 
orbits, at the root of the nose, and contributing to each of these cavities. It 
consists of three parts: a horizontal plate, which forms part of the base of the 
cranium ; a perpendicular plate, which constitutes part of the septum nasi; and 
two lateral masses of cells. 

The Horizontal or Cribriform Plate (fig. 232) forms part of the anterior fossa 
of the base of the skull, and is received into the ethmoid notch of the frontal 
bone between the two orbital plates, roofing in the nasal fossæ below. Projecting 
upwards from the middle line of this plate is a thick, smooth, triangular process 

of bone, the crista galli, so 
Fic. 232.—Ethmoid bone. called from its resemblance 

Outer surface of right lateral mass (enlarged). to a cock’s comb. Its base 
joins the cribriform plate. Its 
posterior border, long, thin, 
and slightly curved, serves for 
the attachment of the falx 
cerebri. Its anterior border, 
short and thick, articulates 
with the frontal bone, and 
presents two small projecting 
alg, which are received into 
corresponding depressions in 
the frontal, completing the 
foramen cecum behind. Its 
sides are smooth and some- 
times bulging ; in which case 
it is found to enclose a small 
air-sinus.f On each side of 
the crista gaih, the cribriform 
plate is narrow, and deeply 
grooved, to support the bulb of 
the olfactory lobe of the cerebrum, and perforated by foramina for the passage of 
the olfactory nerves. These foramina are arranged in three rows: the innermost, 
which are the largest and least numerous, are lost in grooves on the upper part of 
the septum ; the foramina of the outer row are continued on to the surface of the 
upper spongy bone. The foramina of the middle row are the smallest; they 
perforate the bone, and transmit nerves to the roof of the nose. At the front 
part of the cribriform plate, on each side of the crista galli, is a small fissure, 
which transmits the nasal branch of the ophthalmic nerve; and at its posterior 
part a triangular notch, which receives the ethmoidal spine of the sphenoid. 

The Perpendicular Plate (fig. 233) 1s a thin, flattened lamella of bone, which 
desceacds from the under surface of the cribriform plate, and assists in forming 
the septum of the nose. It is much thinner in the middle than at the circum- 
ference, and is generally deflected a little to one side. Its anterior border 
articulates with the nasal spine of the frontal bone and the crest of the nasal 
bones. Its posterior border, divided into two parts, articulates by its upper half 
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* It also sometimes articulates with the tuberosity of the maxilla (see page 210). 

+ Sir George Humphry states that the crista galli is commonly inclined to one side, 
usually the opposite to that towards which the lower part of the perpendicular plate is 
bent.—The Human Skeleton, 1858, p. 277. 


ETHMOID BONE 205 


with the sphenoidal crest of the sphenoid, by its lower half with the vomer. 
The inferior border serves for the attachment of the septal cartilage of the nose. 
On each side of the perpendicular plate numerous grooves and canals are seen, 
leading from foramina 


on the cribriform plate ; Fic. 233.—Perpendicular plate of ethmoid (enlarged), 
they lodge filaments of Shown by removing the right lateral mass. ~ 
the olfactory nerves. 


The Lateral Masses 
of the ethmoid consist 
of a number of thin- 
walled cellular cavities, 
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the outer one of which 
forms part of the orbit, 
and the inner one part j 
of the nasal fossa of the aS 
corresponding side. In Pes, 
the disarticulated bone IAN 
many of these cells ap- 
pear to be broken ; but 
when the bones are arti- 
culated, they are closed 
in at every part, except 
where they open into the nasal fossæ. The upper surface of each lateral mass 
presents a number of apparently half-broken cellular spaces; these are closed 
in, when articulated, by the edges of the ethmoidal notch of the frontal bone. 
Crossing this surface are two grooves on each side, converted into canals by 
articulation with the frontal; they are the anterior and posterior ethmoidal 
canals, and open on the inner wall of the orbit. The posterior surface also 
presents large, irregular cellular cavities, which are closed in by articulation with 
the sphenoidal turbinated bones and orbital process of the palate. The cells at 
the anterior surface are completed by the lachrymal bone and nasal process of the 
superior maxillary, and those below by the superior maxillary. The outer surface 
of each lateral mass is formed of a thin, smooth, oblong plate of bone, called the 
os planum ; it forms part of the inner wall of the orbit, and articulates, above, 
with the orbital plate of the frontal; below, with the superior maxillary; in 
front, with the lachrymal ; and behind, with the sphenoid and orbital process of 
the palate. 

From the inferior part of each lateral mass, immediately behind the os planum, 
there projects downwards and backwards an irregular lamina of bone, called the 
unciforn process, from its hook-like form ; it serves to close in the upper part of 
the orifice of the antrum of High- 
more, and articulates with the eth- Fic. 234.—Ethmoid bone. 
moidal process of the inferior tur- Inner surface of right lateral mass (enlarged). 
binated bone. It is often broken 
in disarticulating the bones. 

The inner surface of each lateral 
mass (fig. 234) forms part of the 
outer wall of the nasal fossa of the 
corresponding side. It is formed 
of a thin lamella of bone, which 
descends from the under surface 
of the cribriform plate, and termi- 
nates below in a free, convoluted 
margin, the middle turbinated bone. 
The whole of this surface is rough, 
and marked above by numerous Ate 
grooves, which run nearly vertically downwards from the cribriform plate ; they 
lodge branches of the olfactory nerve, which are distributed on the mucous 
membrane covering the superior turbinated bone. — The back part of this surface is 
subdivided by a narrow oblique fissure, the superior meatus of the nose, hounded 
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above by a thin, curved plate of bone, the superior turbinated bone. By means 
of an orifice at the upper part of this fissure, the posterior ethmoidal cells open 
‘nto the nose. Below, and in front of the superior meatus, is seen the convex 
surface of the middle turbinated bone. It extends along the whole length of the 
inner surface of each lateral mass; its lower margin is free and thick, and its 
concavity, directed outwards, assists in forming the middle meatus of the nose. 
It is by a large orifice at the upper and front part of the middle meatus that the 
anterior ethmoidal cells, and through them the frontal sinuses, communicate 
with the nose, by means of a funnel-shaped canal, the infundibulum. The 
cellular cavities of each lateral mass, thus walled in by the os planum on the 
outer side, and by the other bones already mentioned, are divided by transverse 
bony partitions into three sets, which do not communicate with each other; 
they are termed ‘the anterior, middle, and posterior ethmoidal air-cells. The 
anterior cells communicate with the frontal sinuses above, and the middle 
meatus below, by means of a long, flexuous canal, the infundibulum; the middle 
also open into the middle meatus; the posterior open into the superior meatus, 
and communicate (occasionally) with the sphenoidal sinuses. 

Development.—The ethmoid ossifies in the cartilage of the nasal capsule by 
three centres : one for the perpendicular lamella, and one for each lateral mass. 

The lateral masses are first developed, ossific granules making their appear- 
ance in the os planum between the fourth and fifth months of ictal life, and 
extending into the spongy bones. At birth, the bone consists of the two lateral 
masses, which are small and ill developed. During the first year after birth, the 
perpendicular plate and crista galli begin to ossify, from a single nucleus, and 
become joined to the lateral masses about the beginning of the second year. 
The cribriform plate is ossified paztly from the perpendicular plate and partly 
from the lateral masses. The formation of the ethmoidal cells does not 
commence until about the fourth or fifth year. | 

Articulations. With fifteen bones : the sphenoid, two sphenoidal turbinated, 
the frontal, and eleven of the face—the two nasal, two superior maxillary, two 
lachrymal, two palate, two inferior turbinated, and the vomer. 

No muscles are attached to this bone. 


THE FonTANELLES (figs. 235, 236) 


The early stages of the development of the cranium have already been described in the 
section on development. Before birth, the bones at the vertex and sides of the cranium are 
separated from each other by membranous intervals, in which bone is deficient. These 
intervals are principally found at the four angles of the parietal bones; hence there are 
six of them. Their formation is due to the wave of ossification in the parietal bones being 


Fic. 235.—Skull at birth, showing the Fic. 236.—The lateral fontanelles. 
anterior and posterior fontanelles. 





circular and the bones quadrilateral; the ossific matter first meets at the margins of 
the bones, at the points nearest to their centres of ossification, and spaces are left at the 
angles, which are called fontanelles, so named from the pulsations of the brain, which are 
perceptible at the anterior fontanelle, and were likened to the rising of water in a fountain. 
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The anterior fontanelle is the largest; it is lozenge-shaped, and corresponds to the 
junction of the sagittal and coronal sutures; the posterior fontanelle, of smaller size, is 
triangular, and is situated at the junction of the sagittal and Jambdoid sutures; the 
remaiing ones are situated at the inferior angles of each parietal bone. The latter are 
closed soon after birth; the two at the two superior angles remain open longer : the 
posterior being closed in a few months after birth; the anterior remaining open until the 
first or second year. These spaces are gradually filled in by an extension of the ossifving 
process, or by the development of a Wormian bone. Sometimes the anterior fontanelle 
remains open beyond two years, and is rarely persistent throughout life. 


SUPERNUMERARY OR WoRMIAN* BONES 


In addition to the constant centres of ossification of the cranium, additional ones 
may be found in the course of the sutures. These form irregular, isolated bones, 
interposed between the cranial bones, and have been termed Wormian bones or ossa 
triquetra, They are most frequently found in the course of the lambdoid suture, but 
occasionally also occupy the situation of the fontanelles, especially the posterior and, more 
rarely, the anterior. One, the pterion ossicle, is often found between the anterior 
inferior angle of the parietal bone and the greater wing of the sphenoid (fig. 236). They 
have a tendency to be more or less symmetrical on the two sides of the skull, and they 
vary much in size, being in some cases not larger than a pin’s head, and confined to the 
outer table ; in other cases so large that one pair of these bones may form the whole of 
the occipital bone above the superior curved lines, as described by Béclard and Ward. 
Their nuinber is generally limited to two or three; but sore than a hundred have been 
found in the skull of an adult hydrocephalic skeleton. In their development, structure, 
and mode of articulation, they resemble the other cranial bones. 


CONGENITAL FISSURES AND GAPS 


An arrest in the ossifying process may give rise to deficiencies, or gaps; or to fissures 
which are of importance from a medico-legal point of view, as they are liable to be mistaken 
for fractures. The fissures generally extend from the margins towards the centre of the 
bone, but the gaps may be found in the middle as well as at the edges. In course of time 
thev may become filled with a thin lamina of bone. 


BONES OF THE FACE 


The Facial Bones are fourteen in number—viz. the 


Two Nasal. Two Palate. 

Two Superior Maxillary. Two Inferior Turbinated. 

Two Lachrymal. Vomer. 

Two Malar. Inferior Maxillary or Mandible. 


‘Of these, the upper and lower jaws are the fundamental bones for mastica- 
tion, and the others are accessories ; for the chief function of the facial bones is 
to provide an appatatus for mastication, while subsidiary functions are to pro- 
vide for the sense-organs (eye, nose, tongue) and a vestibule to the respiratory and 
vocal organs. Hence the variations in the shape of the face in man and the 
lower animals depend chiefly on the question of the character of their food and 
their mode of obtaining it.’ t 


NaAsaL BONES 


The Nasal (nasus, the nose) are two small oblong bones, varying in size and 
form in different individuals; they are placed side by side at the middle and 
upper part of the face, forming, by their junction, ‘the bridge’ of the nose 
(fig. 237). Each bone presents for examination two surfaces and four borders. 
The outer surface (fig. 238) is concavo-convex from above downwards, convex 
from side to side; it is covered by the Pyramidalis and Compressor nasi muscles, 
and gives attachment at its upper part to a few fibres of the Occipito-frontalis 
muscle (Theile). It is marked by numerous small arterial furrows, and per- 
forated about its centre by a foramen, sometimes double, for the transmission of 


** Wormius, a physician in Copenhagen, is said to have given the first detailed descrip- 
tion of these bones. l 
+ W. W. Keen. American edition. 
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a small vein. The inner surface (fig. 239) is concave from side to side, and is 
traversed from above downwards by a longitudinal groove (sometimes a canal), 
for the passage of a branch of the nasal nerve. The superior border is narrow, 
thick, and serrated for articulation with the nasal notch of the frontal bone. 
The inferior border is broad, thin, sharp, inclined obliquely downwards, out- 
wards, and backwards, and serves for the attachment of the upper lateral 
cartilage of the nose. It presents, about its middle, a notch, through which 


Fic. 237.—Nasal bone and Lachrymal bone in stitu. 
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passes the branch of the nasal nerve above referred to; and is prolonged at its 
inner extremity into a sharp spine, which, when articulated with the opposite 
bone, forms the nasal angle. The external border is serrated, bevelled at the 
expense of the internal surface above, and of the external below, to articulate 
with the nasal process of the superior maxillary. The internal border, thicker 
above than below, articulates with its fellow of the opposite side, and is pro- 
longed behind into a vertical crest, which forms part of the septum of the nose: 


Fic. 238.—Right nasal bone. Fig, 239.—-Left nasal bone. 
Outer surface. Tnner surface. 
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this crest articulates, from above downwards, with the nasal spine of the 
frontal, the perpendicular plate of the ethmoid, and the septal cartilage of the 
nose. 

Development.—By one centre for each bone, which appears about the eighth 
week. 

Articulations.— With four bones: two of the cranium, the frontal and ethmoid, 
and two of the face, the opposite nasal and the superior maxillary. 

Attachment of Muscles.—A few fibres of the Occipito-frontalis muscle. 
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SUPERIOR MAXILLARY Bones on MAXILLÆ 


The Superior Maxillary Bones (maxilla, the jaw-bone) are the most important 
bones of the face from a surgical point of view, on account of the number of 
diseases to which some of their parts are liable. Their careful examination 
is, therefore, a matter of considerable interest. They are the largest bones of 
the face, excepting the mandible, and form, by their union, the whole of the 
upper jaw. Each bone assists in the formation of three cavities, viz.: the 
roof of the mouth, the floor and outer wall of the nasal fosse, and the floor of 
the orbit; it also enters into the formation of two fosse, the zygomatic and 
spheno-maxillary, and two fissures, the spheno-maxillary and pterygo-maxillary. 

The bone presents for examination a body and four processes—malar, nasal, 
alveolar, and palate. 

The body is somewhat pyramidal in shape, and is hollowed out in its interior 
to form a large cavity, the antrum of Highmore, or maxillary sinus. Its surfaces 
are four—an external or facial, a posterior or zygomatic, a superior or orbital, 
and an interna). or nasal. 

The external or facial surface (fig. 240) is directed forwards and outwards. 
It presents at its lower part a series of eminences corresponding to the position 


Fic. 240.—Left superior maxillary bone. Outer surface. 
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of the fangs of the teeth. Just above those of the incisor teeth is a depression, 
the incisive or myrtiform fossa, which gives origin to the Depressor alæ nasi; 
and, below it, to the alveolar border is attached a slip of the Orbicularis oris, 
Above and a little external to it, the Compressor nasi arises. More external is 
another depression, the canine fossa, larger and deeper than the incisive fossa, 
from which it is separated by a vertical ridge, the canine eminence, corresponding 
to the socket of the canine tooth. The canine fossa gives origin to the Levator 
anguli oris. Above the canine fossa is the infra-orbital foramen, the termination 
of the infra-orbital canal ; it transmits the infra-orbital vessels and nerve. Some- 
times the infra-orbital canal opens by two, very rarely b three, orifices on the 
face. Above the infra-orbital foramen 1s the margin of the orbit, which affords 
partial attachment to the Levator labii superioris proprius. Internally, the facial 
surface is limited by a deep concavity, the nasal notch, to the sharp margin of 
which is attached the Dilatator naris posterior. z 
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The posterior or zygomatic surface is convex, directed backwards and out- 
wards, and forms part of the zygomatic fossa. It is separated from the facial 
surface by the malar process and by a strong ridge of bone, which extends up- 
wards from the socket of the second molar tooth. It presents about its centre 
several apertures leading to canals in the substance of the bone; they are termed 
the posterior dental canals, and transmit the posterior dental vessels and nerves. 
At the lower part of this surface is a rounded eminence, the maxillary tuberosity, 
especially prominent after the ote of the wisdom-tooth, rough on its inner 
side for articulation with the tuberosity of the palate-bone and sometimes with 
the external pterygoid plate. It gives attachment to a few fibres of origin of the 
Internal pterygoid muscle. Immediately above this is a smooth surface, which 
forms the anterior boundary of the spheno-maxillary fossa; from this fossa a 
groove, for the lodgment of the second division of the fifth nerve, extends out- 
wards and becomes continuous with the infra-orbital groove on the orbital 
surface of the bone; a second groove runs obliquely downwards, and is con- 
verted into a canal by articulation with the palate-bone, forming the posterior 
palatine canal for the large palatine nerve and descending palatine artery. 

The superior or orbital surface is thin, smooth, triangular, and forms part of 
the floor of the orbit. It is bounded internally by an irregular margin which in 
front presents a notch, the lachrymal notch, for the reception of the lachrymal 
bone ; in the middle it articulates with the os planum of the ethmoid, and behind 
with the orbital process of the palate-bone; it is bounded behind by a smooth, 
rounded edge which enters into the formation of the spheno-maxillary fissure, 
and which sometimes articulates at its outer extremity with the orbital plate of 
the sphenoid ; and it is bounded in front by part of the circumference of the orbit, 
which is continuous, on the inner side with the nasal, on the outer side with the 
malar process of the bone. Near the middle line of the orbital surface is a deep. 
groove, the infra-orbital, for the passage of the infra-orbital vessels and nerve. 
The groove commences at the midlle of the outer border of this surface, where 
it is continuous with that near the upper edge of the posterior surface, and, 
passing forwards, terminates in a canal, which subdivides into two branches. 
One of the canals, the infra-orbital, opens just below the margin of the orbit ; 
the other, which is smaller, runs downwards in the substance of the anterior 
wall of the antrum; it is called the anterior dental canal, and transmits the 
anterior dental vessels and nerve to the front teeth of the upper jaw. From the 
back part of the infra-orbital canal, a second small canal is sometimes given off, 
which runs downwards in the outer wall of the antrum, and conveys the middle 
dental nerve to the bicuspid teeth. Occasionally, this canal is derived from the 
anterior dental. At the inner and fore part of the orbital surface, just external 
to the lachrymal groove for the nasal duct, is a depression, which gives origin to 
the Inferior oblique muscle of the eye. 

The internal surface (fig. 241) is unequally divided into two parts by a 
horizontal projection of bone, the palate process: the portion above the siete 
process forms part of the outer wall of the nasal fossæ ; that below it forms part 
of the cavity of the mouth. The superior division of this surface presents a large, 
irregular opening leading into the antrum of Highmore. At the upper border of 
this aperture are numerous broken cellular cavities, which, in the articulated skull, 
are closed in by the ethmoid and lachrymal bones. Below the aperture is a 
smooth concavity which forms part of the inferior meatus of the nasal fossx, and 
behind it is a rough surface for articulation with the perpendicular plate of the 
palate bone and is traversed by a groove which, commencing near the middle of 
the posterior border, runs obliquely downwards and forwards, and forms, when 
completed by its articulation with the palate-bone, the posterior palatine canal. 
In front of the opening of the antrum is a deep groove, converted into a canal 
by the lachrymal and inferior turbinated bones. Itis called the lachrymal groove, 
and lodges the nasal duct. More anteriorly is a well-marked rough ridge, the 
inferior turbinated crest, for articulation with the inferior turbinated bone. The 
shallow concavity above this ridge forms part of the middle meatus of the nose ; 
while that below it forms part of the inferior meatus. The portion of this 
surface below the palate process is concave, rough and uneven, and perforated 
by numerous small foramina for the passage of nutrient vessels. It enters into 
the formation of the roof of the mouth. 

The Antrum of Highmore, or Maxillary Sinus, is a large pyramidal cavity, 
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hollowed out of the body of the maxillary bone: its apex, directed outwards, is 
formed by the malar process ; its base, by the outer wall of the nose. Its walls 
are everywhere exceedingly thin, and correspond to the orbital, facial, and zygo- 
matic surfaces of the body of the bone. Its inner wall, or base, presents, in the 
disarticulated bone, a large, irregular aperture, which communicates with the 
nasal fossa. The margins of this aperture are thin and ragged, and the aper- 
ture itself is much contracted by the articulation of its margins with the ethmoid 
above, the inferior turbinated below, and the palate-bone behind.* In the 
articulated skull, this cavity communicates with the middle meatus of the nasal 
fossa, generally by two small apertures left between the above-mentioned bones. 
In the recent state, usually only one small opening exists, near the upper part 
of the cavity, sufficiently large to admit the end of a probe; the other being 
closed by mucous membrane. | 

The infra-orbital canal usually projects into the cavity of the antrum as a 
well-marked ridge, which passes downwards and inwards from the roof to the 


Fic. 241.—Left superior maxillary bone. Inner surface. 
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anterior wall, and additional ridges are sometimes seen in the cavity. On its 
posterior wall are the posterior dental canals, transmitting the posterior dental 
vessels and nerves to the teeth. The floor is formed by the alveolar process 
of the jaw, and, in a cavity of average size, is on a level with the floor of the 
nose ; where the cavity is large it reaches below this level. Projecting into it 
are several conical processes, corresponding to the roots of the first and second 
molar teeth ;f in some cases it is perforated by the teeth in this situation. 
The size of the cavity varies in different skulls, and even on the two sides of 
the same skull.¢ 


* In some cases, at any rate, the lachrymal bone also encroaches slightly on the anterior 
superior portion of the opening, and assists in forming the inner wall of the antrum. _ 

+ The number of teeth whose fangs are in relation with the floor of the antrum is 
variable. The antrum ‘may extend so as to be in relation to all the teeth of the true 
maxilla, from the canine to the dens sapientia.’—See Salter on Abscess of the Antrum, 
in A System of Surgery, edited by T. Holmes, 2nd edit. vol. iv. p. 356. 

t Aldren Turner (op. cit.) gives the following measurements as those of an average- 
sized antrum: vertical height opposite first molar tooth, 14 in.; transverse breadth, 
1 in.; and antero-posterior depth, 14 in. = 

2 
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The extreme thinness of the walls of this cavity enables one to explain how a tumour 
growing from the antrum encroaches upon the adjacent parts, pushing up the floor of 
the orbit, and displacing the eyeball, projecting inwards into the nose, protruding forwards 
on to the cheek, and making its way backwards into the zygomatic fossa, and downwards 
into the mouth. 


The Malar Process is a rough triangular eminence, situated at the angle of 
separation of the facial from the zygomatic surface. In front it forms part of 
the facial surface ; behind, it is concave, and forms part of the zygomatic fossa ; 
above, it is rough and serrated for articulation with the malar bone; while below, 
a prominent ridge marks the division between the facial and zygomatic surfaces. 
A small part of the Masseter muscle arises from this process. 

The Nasal Process is a strong, triangular plate of bone, which projects upwards, 
inwards, and backwards, by the side of the nose, forming part of its lateral 
boundary. Its external surface is concave, smooth, perforated by numerous 
foramina, and gives attachment to the Levator labii superioris aleeque nas!, the 
Orbicularis palpebrarum, and Tendo oculi. Its internal surface forms part of 
the outer wall of the nasal fossa: at its upper part it presents a rough, uneven 
surface, which articulates with the ethmoid bone, closing in the anterior eth- 
moidal cells ; below this is a transverse ridge, the superior turbinated crest, for 
articulation with the middle turbinated bone of the ethmoid, bounded below by 
a shallow smooth concavity which forms part of the middle meatus ; below this 
again is the inferior turbinated crest (already described), where the nasal process 
joins the body of the bone. Its upper border articulates with the frontal bone. 
Its anterior border is thin, directed obliquely upwards and forwards, and presents 
a serrated edge for articulation with the nasal bone; its posterior border is 
thick, and hollowed into a groove, the lachrymal groove, for the nasal duct: of 
the two margins of this groove, the inner articulates with the lachrymal bone, 
the outer forms part of the circumference of the orbit. Where the latter joins 
the orbital surface is a small tubercle, the lachrymal tubercle; this serves as 
a guide to the position of the lachrymal sac in the operation for fistula 
lachrymalis. The lachrymal groove in the articulated skull is converted into 
a canal by the lachrymal bone and lachrymal process of the inferior turbi- 
nated bone; it is directed downwards, and a little backwards and outwards, is 
about the diameter of a goose-quill, slightly narrower in the middle than at 
either extremity, and terminates below in the inferior meatus. It lodges the 
nasal duct. 

The Alveolar Process is the thickest and most spongy part of the bone, 
broader behind than in front, and excavated into deep cavities for the reception 
of the teeth. These cavities are eight in number, and vary in size and depth 
according to the teeth they contain. That for the canine tooth is the deepest ; 
those for the molars are the widest, and subdivided into minor cavities by septa ; 
those for the incisors are single, but deep and narrow. The Buccinator muscle 
arises from the outer surface of this process, as far forward as the first molar 
tooth. When the superior maxillary bones are articulated with each other, their 
alveolar processes together form the alveolar arch ; the centre of the anterior 
margin of this arch is named the alveolar point. 

The Palate Process, thick and strong, projects horizontally inwards from the 
inner surface of the bone. It is much thicker in front than behind, and forms a 
considerable part of the floor of the nose and the roof of the mouth. 

Its inferior surface (fig. 242) is concave, rough and uneven, and forms, when 
articulated with the palatal process of the opposite bone, the anterior three-fourths 
of the hard palate. This surface is perforated by numerous foramina for the 
passage of the nutrient vessels ; channelled atthe back part of its alveolar border 
by a longitudinal groove, sometimes a canal, for the transmission of the posterior 
palatine vessels, and the anterior or large palatine nerve from Meckel’s ganglion ; 
and presents little depressions for the lodgment of the palatine glands. When 
the two superior maxillary bones are articulated together, a large orifice may 
be seen in the middle line, immediately behind the incisor teeth. This is the 
anterior palatine canal or fossa. On examining the bottom of this fossa four 
canals are seen: two branch off laterally to the right and left nasal fosse, and 
two lie in the middle line. The lateral canals are named the foramina of 
Stenson, and through each of them passes the anterior or terminal branch of 
the descending or posterior palatine arteries, which ascends from the mouth to 
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the nasal fosse, and in them is lodged the remains of the organ of Jacobson. 
The canals in the middle line are termed the foramina of Scarpa, and transmit 
the naso-palatine nerves, the left passing through the anterior, and the right 
through the posterior canal. On the palatal surface of the process, a delicate 
linear suture, well seen in young skulls, may sometimes be noticed extending 
from the anterior palatine fossa to the interval between the lateral incisor 
and the canine tooth. This marks out the intermazillary, or incisive bone, 
which in some animals exists permanently as a separate piece. It includes the 
whole thickness of the alveolus, the corresponding part of the floor of the 
- nose and the anterior nasal spine, and contains the sockets of the incisor teeth. 
The upper surface is concave from side to side, smooth, and forms part of 
the floor of the nose. It presents the upper orifices of the foramina of Stenson 
and Scarpa, the former being on either side of the middle line, the latter 
in the intermaxillary suture, and therefore not visible unless the two bones 
are placed in apposition. The outer border of the palate process is incor- 
porated with the rest of the bone. The inner border is thicker in front than 


Fic. 242.—The palate and alveolar arch. 
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behind, and is raised above into a ridge, the nasal crest, which, with the corre- 
sponding ridge in the opposite bone, forms a groove for the reception of the 
vomer. In front, this ridge rises to a considerable height, and this portion is 
named the incisor crest. The anterior margin is bounded by the thin, concave 
border of the opening of the nose prolonged forwards internally into a sharp 
process, forming, with a similar process of the opposite bone, the anterior nasal 
spine. The posterior border is serrated for articulation with the horizontal plate 
of the palate-bone. The middle of the inferior border of the anterior nasal 
aperture at the base of the nasal spine is named the subnasal point. 
Development.—This bone commences to ossify at a very early period, and 
ossification proceeds in it with such rapidity that it is difficult to ascertain 
with certainty its precise number of centres. It appears probable, however, that 
it is ossified from six centres, which are deposited in membrane. One, the 
orbito-nasal, forms that portion of the body of the bone which lies internal to the 
infra-orbital canal, including the floor of the orbit and the outer wall of the 
nasal fossa; a second, the malar, gives origin to that portion of the bone which 
lies external to the infra-orbital canal and the malar process ; from a third, the 
palatine, is developed the palatine process posterior to Stenson’s canal and 
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the adjoining part of the nasal wall; a fourth, the pre-maailary, forms the front 
part of the alveolus which carries the incisor teeth and corresponds to the pre- 
maxillary bone of the lower animals ;* a fifth, the nasal, gives rise to the nasal 
process and the portion of the bone above the canine tooth; and a sixth, the 
infravomerine, lies between the palatine and pre-maxillary centres and beneath 
the vomer; this centre, together with the corresponding centre of the opposite 
bone, separates the foramina of Stenson from each other. These centres appear 
about the eighth week, and by the tenth week the three first-named have 


fused together and the bone consists of two portions, one the maxilla proper, 


Fre. 243.—Development of superior maxillary bone. At birth. 
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aud the other the pre-maxilla. The suture between these two portions persists 
on the palate till middle life, but is not to be seea on the facial surface. This 
is believed by Callender to be due to the fact that the front wall of the sockets 
of the incisor teeth is not formed by the pre-maxillary bone, but by an out- 
growth from the facial part of the superior maxilla. The antrum appears as 
a shallow groove on the inner surface of the bone at an earlier period than any 
of the other nasal sinuses, its development commencing about the fourth month 
of fastal life. The sockets for the teeth are formed by the growing downwards 
of two plates from the dental groove, and by the subsequent growth of partitions 
jutting across from the one to the other. 

Articulations.— With zine bones: two of the cranium, the frontal and ethmoid, 
and seven of the face—viz. the nasal, malar, lachrymal, inferior turbinated, 
palate, vomer, and its fellow of the opposite side. Sometimes it articulates 
with the orbital plate of the sphenoid, and sometimes with its external pterygoid 

late. 
j Attachment of Muscles.—To twelve: the Orbicularis palpebrarum, Obliquus 
oculi inferior, Levator labii superioris alæque nasi, Levator labii superioris 
proprius, Levator anguli oris, Compressor nasi, Depressor alæ nasi, Dilatator 
naris posterior, Masseter, Buccinator, Internal pterygoid, and Orbicularis oris. 


CHANGES PRODUCED IN THE UPPER JAW BY AGE 


At birth the transverse and antero-posterior diameters of the bone are greater than 
the vertical. The nasal process is well marked and the body of the bone consists of little 
more than the alveolar process, while the tecth-sockets reach almost to the floor of the 
orbit. The antrum of Highmore presents the appearance of a slit-like furrow on the 
outer wall of the nose. In the adult the vertical diameter is the greater, owing to the 
development of the alveolar process and the increase in size of the antrum. In old age 
the bone approaches again in character to the infantile condition : its height is diminished, 
and after the loss of the teeth the alveolar process*is absorbed, and the lower part of the 
bone contracted and diminished in thickness. 


Toe LACHRYMAL BONES 


The Lachrymal (lachryma, a tear) are the smallest and most fragile bones 
of the face. They are situated at the front part of the inner wall of the orbit 
(fig. 237), and resemble somewhat in form, thinness, and size, a finger-nail ; 
hence they are termed the ossa unguis. Each bone presents for examination 


* Some anatomists believe that the pre-maxillary bone is ossified by two centres 
(see page 250). 
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two surfaces and four borders. The external or orbital surface (fig. 244) is 
divided by a vertical ridge, the lachrymal crest, into two parts. The portion 
of bone in front of this ridge presents a smooth, concave, longitudinal groove, 
the free margin of which unites with the nasal process of the superior maxillary 
bone, completing the lachrymal groove. The upper part of this groove lodges 
the lachrymal sac; the lower part the nasal duct. The portion of bone behind 
the ridge is smooth, slightly concave, and forms part 

of the inner wall of the orbit. The ridge, witha part Fic. 244.—Left lachrymal 


of the orbital surface immediately behind it, affords bone. External surface. 
attachment to the Tensor tarsi muscle: it terminates (Slightly enlarged.) 


below in a small, hook-like projection, the hamular oo 
process, which articulates with the lachrymal tubercle itm 





of the superior maxillary bone, and completes the wo /, = 
upper orifice of the lachrymal groove. It sometimes X i, m 
exists as a separate piece, which is then called the Si » | Sa 
lesser lachrymal bone. The internal or nasal surface a i È. 
presents a depressed furrow, corresponding to the S Mi 
ridge on its outer surface. The surface of bone in S w 
front of this forms part of the middle meatus of the è 

nose ; and that behind it articulates with the ethmoid 3 


bone, filling in the anterior ethmoidal cells. Of the 
four borders the anterior is the longest, and articu- 
lates with the nasal process of the superior maxillary 
bone. The posterior, thin and uneven, articulates with the os planum of the 
ethmoid. The superior, the shortest and thickest, articulates with the internal 
angular process of the frontal bone. The inferior is divided by the lower edge 
of the vertical crest into two parts: the posterior part articulates with the 
orbital plate of the superior maxillary bone; the anterior portion is prolonged 
downwards into a pointed process (the descending or turbinal process), which 
articulates with the lachrymal process of the inferior turbinated bone, and assists 
in the formation of the lachrymal groove. 

Development.—By a single centre, which makes its appearance soon after 
ossification of the vertebræ has commenced. 

Articulations.— With four bones : two of the cranium, the frontal and ethmoid, 
and two of the face, the superior maxillary and the inferior turbinated. 

Attachment of Muscles.—To one muscle, the Tensor tarsi. 
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THE MALAR BONES 


The Malar (mala, the cheek) are two small, quadrangular bones, situated at 
the upper and outer part of the face: they form the prominence of the cheek, 
part of the outer wall and floor of the orbit, and part of the temporal and zygo- 
matic fossæ (fig. 245). Each bone presents for examination an external and an 
internal surface ; four processes, the frontal, orbital, maxillary, and zygomatic ; 
and four borders. 

The external surface (fig. 246) is smooth, convex, and perforated near its 
centre by one or two small apertures, the malar foramina, for the passage of the 
malar nerves and vessels ; it is covered by the Orbicularis palpebrarum musele, 
und affords attachment to the Zygomaticus major and minor muscles. 

The internal surface (fig. 247), directed backwards and inwards, is concave, 
presenting internally a rough, triangular surface, for articulation with the 
superior maxillary bone, and externally a smooth, concave surface, which above 
forms the anterior boundary of the temporal fossa, and below, where it is wider, 
a part of the zygomatic fossa. This surface presents, a little above its centre, 
the aperture of one or two malar canals, and affords attachment to a portion 
of the Masseter muscle at its lower part. 

Of the four processes, the frontal is thick and serrated, and articulates 
with the external angular process of the frontal bone. To its orbital margin 
is attached the external tarsal ligament. The orbital process is a thick, 
strong plate, which projects backwards from the orbital margin of the bone. 
Its supero-imternal surface, smooth and concave, forms, by its junction with the 
orbital surface of the superior maxillary bone and with the great wing of the 
sphenoid, part of the floor and outer wall of the orbit. Its infero-external 
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surface, smooth’ and convex, forms part of the zygomatic and temporal fosse. 
Its anterior margin, smooth and rounded, forms part of the circumference 
of the orbit.. Its superior margin, rough, and directed horizontally, articulates 


Fre. 245.—Malar bone in situ. 
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with the frontal bone behind the external angular process. Its posterior margin 
is rough, and serrated for articulation with the great wing of the sphenoid ; 


Fic. 246.—Left malar bone. Fre. 247.—Left malar bone. 
Outer surface. Inner surface. 
With Frontal 
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internally it is also serrated for articulation with the orbital surface of the 
superior maxillary. At the angle of junction of the sphenoidal and maxillary 
portions, a short, rounded, non-articular margin is generally seen ; this forms the 
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anterior boundary of the spheno-maxillary fissure : occasionally, this non-articular 
margin does not exist, the fissure being completed by the direct junction of the 
maxillary and sphenoid bones, or by the interposition of a small Wormian bone in 
the angular interval between them. On the inner surface of the orbital process 
are seen the orifices of one or two temporo-malar canals; one of these usually 
opens on the posterior surface, the other (occasionally there are two) on the 
facial surface : they transmit filaments (temporo-malar) of the orbital branch of 
the superior maxillary nerve. The maxillary process is a rough, triangular surface 
which articulates with the superior maxillary bone. The zygomatic process, long, 
narrow, and serrated, articulates with the zygomatic process of the temporal bone. 
Of the four borders, the antero-superior or orbital is smooth, concave, and forms a 
considerable part of the circumference of the orbit. The antero-inferior or mazil- 
lary border is rough, and bevelled at the expense of its inner table, to articulate 
with the superior maxillary bone; affording attachment by its margin to the 
Levator labii superioris proprius, just at its point of junction with the superior 
maxillary. The postero-superior or temporal border, curved like an italic letter f, 
is continuous above with the commencement of the temporal ridge; below, with 
the upper border of the zygomatic arch: it affords attachment to the temporal 
fascia. The postero-inferwr or zygomatic border is continuous with the lower 
border of the zygomatic arch, affording attachment by its rough edge to the 
Masseter muscle. 

Development.—The malar bone ossifies generally from three centres, which 
appear about the eighth week—one for the zygomatic and two for the orbital 
portion—and fuse about the fifth month of foetal life. After birth, the bone is 
sometimes seen to be divided, by a horizontal suture, into an upper and larger 
and a lower and smaller division. In some quadrumana the malar bone consists 
of two parts, an orbital and a malar. 

Articulations.— With four bones: three of the cranium, frontal, sphenoid, and 
temporal; and one of the face, the superior maxillary. 

ttachment of Muscles——To four: the Levator labii superioris proprius, 
Zygomaticus major and minor, and Masseter. 


Tas PALATE BONES 


The Palate Bones (palatum, the palate) are situated at the back part of the 
nasal fossæ : they are wedged in between the superior maxillary bones and the 


Fic. 248.—Palate bone in situ. 
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terygoid processes of the sphenoid (fig. 248). Each bone assists in the formation 
of tee aSa : the floor and outer wall of the nose, the roof of the mouth, and 
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the floor of the orbit; it enters into the formation of two fossa: the spheno- 
maxillary and pterygoid, and one fissure, the spheno-maxillary. In form the 
palate-bone somewhat resembles the letter L, and may be divided into an inferior 
or horizontal plate and a superior or vertical plate. 

The Horizontal Plate is quadrilateral, and presents two surfaces and four 
borders. The superior surface, concave from side to side, forms the back part 
of the floor of the nose. The inferior surface, slightly concave and rough, forms 
the posterior fourth of the hard palate. At its posterior part may be seen a trans- 
verse ridge, more or less marked, for the attachment of part of the aponeurosis of 
the Tensor palati muscle. At the outer extremity of this ridge is a deep groove 
converted into a canal by its articulation with the tuberosity of the superior 
maxillary bone, and forming the posterior palatine canal. Near this groove, the 
orifices of one or two small canals, accessory posterior palatine, may be seen. The 
anterior border is serrated, bevelled at the expense of its inferior surfate, and 
articulates with the palate process of the superior maxillary bone. The posterior 
border is concave, free, and serves for the attachment of the soft palate. Its inner 
extremity is sharp and pointed, and, when united with the opposite bone, forms 
a projecting process, the posterior nasal spine, for the attachment of the Azygos 
uvule muscle. The external border is united with the lower part of the perpen- 

dicular plate almost at 
lic. 249.—Left palate bone. Internal view. (Enlarged.) rightangles. The internal 
border, the thickest, is ser- 
rated for articulation with 
its fellow of the opposite 
side; its superior edge 1s 
e y raised into a ridge, which, 
Superior meatus EN RE united with the opposite 
ire bone, forms a crest for 
articulation with the pos- 
terior part of the lower 
edge of the vomer. 

The Vertical Plate (fig. 
Mazillary 249) is thin, of an oblong 
process form, and directed up- 

wards and a little inwards. 
It presents two surfaces, 
an external and an inter- 
nal, and four borders. 
The internal surface 
exhibits at its lower part 
a broad, shallow depres- 
sion, which forms part of 
the inferior meatus of the 
nose. Immediately above this is a well-marked,,horizontal ridge, the inferior 
turbinated crest, for articulation with the inferior turbinated bone; superior to 
this, a second broad, shallow depression, which forms part of the middle meatus, 
surmounted above by a horizontal ridge less prominent than the inferior, the 
superior turbinated crest, for articulation with the middle turbinated bone. Above 
the superior turbinated crest is a narrow, horizontal groove, which forms part 
of the superior meatus. 

The external surface is rough and irregular throughout the greater part of its 
extent, for articulation with the inner surface of the superior maxillary bone, 
its upper and back part being smooth where it enters into the formation of the 
spheno-maxillary fossa; it is also smooth in front, where it covers the posterior 
part of the orifice of the antrum. Towards the back part of this surface is a 
deep groove, converted into a canal, the posterior palatine, by its articulation with 
the superior maxillary bone. It transmits the posterior or descending palatine 
vessels, and the large palatine nerve from Meckel’s ganglion. 

The anterior border is thin, irregular, and presents, opposite the inferior 
turbinated crest, a pointed, projecting lamina, the maxillary process, which is 
directed forwards, and closes in the lower and back part of the opening of. the 
antrum. The posterior border (fig. 250) presents a deep groove, the edges of 
which are serrated for articulation with the pterygoid process of the sphenoid. 


VERTICAL 
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At the lower part of this border is seen a pyramidal process of bone, the pterygoid 
process or tuberosity of the palate, which is received into the angular interval 
between the two pterygoid plates of the sphenoid at their inferior extremity. 
This process presents at its back part 

a median groove and two lateral sur- Fre. 2 50.—Left palate bone. Posterior view. 


faces. The groove is smooth, and (Enlarged.) 

forms part of the pterygoid fossa 

affording attachment to the Internal ET nia 3 

pterygoid muscle; while the lateral y ~ . 
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surfaces are rough and uneven, for 
articulation with the anterior border 
of each pterygoid plate. The base of 
this process, continuous with the hori- 
zontal portion of the bone, presents the 
apertures of the posterior and external 
accessory palatine canals, through 
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glion ; while its outer surface is rough, 
for articulation with the inner surface 
of the body of the superior maxillary 
bone. 

The supertor border of the vertical 
plate presents two well-marked pro- 
cesses separated by an intervening 
notch or foramen. The anterior, ox 
larger, is called the orbital process ; 
the posterior, the sphenoidal. 

The Orbital Process, directed upwards and outwards, is placed on a higher 
level than the sphenoidal. It presents five surfaces, which enclose a hollow 
cellular cavity, and is connected to the perpendicular plate by a narrow, constricted 
neck. Of these five surfaces, three are articular, two non-articular or free. 
The three articular are: (1) the anterior or maxillary surface, directed forwards, 
outwards, and downwards, of an oblong form, and rough for articulation with the 
superior maxillary bone. (2) The posterior or sphenoidal surface is directed back- 
wards, upwards, and inwards. It ordinarily presents a small, open cell, which 
communicates with the sphenoidal cell, and the margins of which are serrated for 
articulation with the vertical part of the sphenoidal turbinated bone. (3) The 
internal or ethmoidal surface is directed inwards, upwards, and forwards, and 
articulates with the lateral mass of the ethmoid bone. In some cases, the cellular 
cavity above mentioned opens on this surface of the bone; it then communicates 
with the posterior ethmoidal cells. More rarely it opens on both surfaces, and 
then communicates with the posterior ethmoidal and the sphenoidal cells. 
The non-articular or free surfaces are the superior or orbital, directed upwards and 
outwards, of a triangular shape, concave, smooth, and forming the back part of 
the floor of the orbit; and the external or zygomatic surface, smooth and of an 
oblong form, is directed outwards, backwards, and downwards towards the 
spheno-maxillary fossa, and is separated from the orbital by a rounded border, 
which enters into the formation of the spheno-maxillary fissure. 

The Sphenoidal Process of the palate-bone is a thin, compressed plate, much 
smaller than the orbital, and directed upwards and inwards. It presents three 
surfaces and two borders. The superior surface, the smallest of the three, 
articulates with the under surface of the sphenoidal turbinated bone, and reaches 
as far as the ala of the vomer; it presents a groove, which contributes to the 
formation of the pterygo-palatine canal. The internal surface is concave, and 
forms part of the outer wall of the nasal fossa. The external surface is divided 
into an articular and non-articular portion: the former is rough, for articulation 
with the inner surface of the internal pterygoid plate of the sphenoid ; the latter 
is smooth, and forms part of the spheno-maxillury fossa. The anterior border 
forms the posterior boundary of the spheno-palatine foramen. The posterior 
border, serrated at the expense of the outer table, articulates with the inner 
surface of the internal pterygoid plate. 

The orbital and sphenoidal processes are separated from one another by a 
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deep notch, which is converted into a foramen, the spheno-palatine, by articulation 
with the sphenoidal turbinated bone. Sometimes the two processes are united 
above, and form between them a complete foramen, or the notch 1s crossed by one 
or more spicule of bone, giving rise to two or more foramina. In the articulated 
skull, this foramen opens into the back part of the outer wall of the superior 
meatus, and transmits the spheno-palatine vessels and the supericr nasal and 
naso-palatine nerves. 

Development.—From a single centre, which makes its appearance about the 
second month at the angle of junction of the two plates of the bone. From this 
point ossification spreads inwards to the horizontal plate, downwards into the 
tuberosity, and upwards into the vertical plate. Some authorities describe the 
bone as ossifying from four centres: one for the tuberosity and portion of 
the vertical plate behind the posterior palatine groove; a second for the rest 
of the vertical and the horizontal plates; a third for the orbital, and a fourth 
for the sphenoidal process. In the fœtus, the horizontal plate is much longer 
than the vertical; and even after it is fully ossified, the whole bone is at first 
remarkable for its shortness. 

Articulations— With six bones: the sphenoid, ethmoid, superior maxillary, 
inferior turbinated, vomer, and opposite palate. 

Attachment of Muscles—To three: the Tensor palati, Azygos uvule, and 
Internal pterygoid. 


THE INFERIOR TURBINATED BONES 


The Inferior Turbinated Bones (turbo, a whirl) are situated one on each side 
of the outer wall of the nasal fosse. Each consists of a layer of thin, spongy 
bone, curled upon itself like 
Fic. 251.—Inferior turbinated bone and Lachrymal a scroll—hence iis name 
bonb swale. ‘turbinated ’—and extends 
horizontally along the outer 
wall of the nasal fossa, im- 
mediately below the orifice 
Nasal process of the antrum (fig. 257). 
Ņ i Each bone presents two 
WANA — Sup. turbinated surfaces, two borders, and 
ANN N onai two extremities. 
_ Its internal surface (fig. 
252) is convex, perforated 
by numerous apertures, 
Inf. turbi- and traversed by longi- 
nated crest tudinal grooves and canals 
for the lodgment of arteries 
and veins. In the recent 
state it is covered by the 
lining membrane of the 
ONDUUISS A N NE nose. Its external surface 
Cl NS We is concave (fig. 253), and 
= ` RAE forms part of the inferior 
meatus. Its wpper border 
is thin, irregular, and con- 
nected to various bones 
along the outer wall of the 
nose. It may be divided 
into three portions: of these, the anterior articulates with the inferior turbi- 
nated crest of the superior maxillary bone; the posterior with the inferior 
turbinated crest of the palate-bone; the middle portion of the superior border 
presents three well-marked processes, which vary much in their size and form. 
Of these, the anterior and smallest is situated at the junction of the anterior 
fourth with the posterior three-fourths of the bone: it is small and pointed, 
and is called the lachrymal process ; it articulates, by its apex, with the descend- 
ing or turbinal process of the lachrymal bone, and, by its margins, with the 
groove on the back of the nasal process of the superior maxillary, and thus 
assists in forming the canal for the nasal duct. At the junction of the two 
middle fourths of the bone, but encroaching on its posterior fourth, a broad, thin 
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ey the ethmoidal process, ascends to join the unciform process of the ethmoid ; 
rom the lower border of this process a thin lamina of bone curves downwards 
and outwards, hooking over the lower edge of the orifice of the antrum, which it 
narrows below: it is called the maxillary process, and fixes the bone firmly to 


Fig. 252.—Right inferior turbinated bone. Fre. 253.—Right inferior turbinated bone. 
Internal surface. External surface. 
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the outer wall of the nasal fossa. The inferior border is free, thick, and cellular 
in structure, more especially in the middle of the bone. Both extremities are 
more or less narrow and pointed, the posterior being the more tapering. If the 
bone is held so that its outer concave surface is directed backwards (i.e. towards 


Fic. 254.—Vomer in situ. 
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the holder), and its superior border, from which the lachrymal and ethmoidal 
processes project, upwards, the lachrymal process will be directed to the side to 
which the bone belongs.* 

Development.—By a single centre, which makes its appearance about the 
middle of foetal life. 

Articulations.— With four bones: one of the cranium, the ethmoid, and three 
of the face, the superior maxillary, lachrymal, and palate. 

No muscles are attached to this bone. 


THe VOMER 


The Vomer (vomer, a ploughshare) is a single bone, situated vertically at the 
back part of the nasal fossæ, forming part of the septum of the ‘nose (fig. 254). 


* If the lachrymal process is broken off, as is often the case, the side to which the 
bone belongs may be known by recollecting that the maxillary process is nearer the back 
than the front of the bone. 
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It is thin, somewhat like a ploughshare in form; but it varies in different 
individuals, being frequently bent to one or the other side; it presents for 
examination two surfaces and four borders. The lateral surfaces (fig. 255) are 
smooth, marked by small furrows for the lodgment of blood-vessels, and by 
a groove, sometimes a canal, the naso-palatine, which runs obliquely down- 
wards and forwards to the intermaxillary suture ; it transmits the naso- 
palatine nerve. The superior border, the thickest, presents a deep furrow, 
bounded on each side by a 
Fie. 255.—The vomer, horizontal projecting ala of 
bone ; it receives the rostrum 
of the sphenoid, while the 
margins of the ale articulate 
with the vaginal processes of 
the internal pterygoid plates 
behind, and with the sphe- 
noidal processes of the palate 
bones in front. The inferior 
border articulates with the 
crest formed by the superior 
maxillary and palate bones. 
The upper half of the anterior 
border usually consists of two 
laminæ of bone, between which 
bont? is received the perpendicular 
plate of the ethmoid ; the lower 
half, also separated into two 
lamella, receives between them the lower margin of the septal cartilage of the 
nose. The posterior border is free, concave, and separates the nasal fossa behind. 
{t is thick and bifid above, thin below. 

The surfaces of the vomer are covered by mucous.membrane, which is 
intimately connected with the periosteum, with the intervention of very little, if 
any, submucous connective tissue. Hence polypi are rarely found growing from 
this surface, though they frequently grow from the outer walls of the nasal fosse, 
where the submucous tissue 1s abundant. 

Development.—The vomer at an early period consists of two laminz, separated 
by a very considerable interval, and enclosing between them a plate of cartilage, 
the vomerine cartilage, which is prolonged forwards to form the remainder of the 
septum. Ossification commences in the membrane overlying the cartilage, and 
not from the cartilage itself, at its postero-inferior part by two centres, one on 
each side of the middle line, which extend to form the two lamine. They begin 
to coalesce at the lower part, the cartilage becoming absorbed, but their union is 
not complete until after puberty. 

Articulations.— With six bones : two of the cranium, the sphenoid and ethmoid ; 
and four of the face, the two superior maxillary and the two palate-bones ; and 
with the cartilage of the nasal septum. 

The vomer has no muscles attached to it. 
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THE INFERIOR MAXILLARY BONE, ok MANDIBLE 


The Inferior Maxillary Bone, or Mandible, the largest and strongest bone 
of the face, serves for the reception of the lower teeth. It consists of a curved, 
horizontal portion, the body, and two perpendicular portions, the rami, which join 
the back part of the body nearly at right angles. 

The Horizontal Portion, or Body (fig. 256), is convex in its general outline, 
and curved somewhat like a horseshoe. It presents for examination two surfaces 
and two borders. The external surface is convex from side to side, concave from 
above downwards. In the median line is a faint ridge, the symphysis, which 
extends from the upper to the lower border of the bone, and indicates the line 
of junction of the two pieces of which the bone is composed at an early period of 
life. The lower part of the ridge terminates in a prominent triangular eminence, 
the mental process. This eminence is rounded below, and often presents a 
median depression separating two processes, the mental tubercles. It forms the 
chin, a feature peculiar to the human skull. On either side of the symphysis, 
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just below the cavities for the incisor teeth, is a depression, the incisive fossa, for 
the attachment of the Levator menti (Levator labii inferioris); more externally 
is attached a small portion of the Orbicularis oris, and, still more externally, is 
a foramen, the mental foramen, for the passage of the mental vessels and nerve. 
This foramen is placed below the interval between the two bicuspid teeth. 


Fig. 256.—Inferior maxillary bone. Outer surface. Side view. 
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Running outwards from the base of the mental process on each side is a ridge, 
the external oblique line. The ridge is at first nearly horizontal, but afterwards 
inclines upwards and backwards, and is continuous with the anterior border of 
the ramus : ıt affords attachment to the Depressor labii inferioris and Depressor 
anguli oris; below it the Platysma myoides is attached. 


Fic. 257.—Inferior maxillary bone. Inner surface. Side view. 
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BODY 


The internal surface (fig. 257) is concave from side to side, convex from above 
downwards. In the middle line is an indistinct linear depression, corresponding 
to the symphysis externally ; on either side of this depression, just below its 
centre, are four prominent tubercles, placed in pairs, two above and two below ; 
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they are called the genial tubercles, and afford attachment, the upper pair to the 
Genio-hyo-glossi muscles, the lower pair to the Genio-hyoidei muscles. Some- 
times the tubercles on each side are blended into one, at others they all unite into 
an irregular eminence, or again, nothing but an irregularity may be seen on the 
surface of the bone at this part. On either side of the genial tubercles is an 
oval depression, the sublingual fossa, for lodging the sublingual gland; and 
beneath the fossa, a rough depression, which gives attachment to the anterior 
belly of the Digastric muscle. At the back part of the sublingual fossa, the 
internal oblique line or mylo-hyoid ridge commences ; it is at first faintly marked, 
but becomes more distinct as it passes upwards and outwards, and is especially 
prominent opposite the last two molar teeth; it affords attachment throughout 
its whole extent to the Mylo-hyoid muscle: the Superior constrictor of the 
pharynx with the pterygo-mandibular ligament, being attached above its posterior 
extremity, near the alveolar margin. The portion of bone above this ridge is 
smooth, and covered by the mucous membrane of the mouth ; the portion below 
presents an oblong depression, the submaxillary fossa, wider behind than in 
front, for the lodgment of the submaxillary gland. The external oblique line and 
the internal or mylo-hyoidean ridge divide the body of the bone into a superior 
or alveolar and an inferior or basilar portion. 

The superior or alveolar border is wider, and its margins thicker, behind 
than in front. It is hollowed into cavities, for the reception of the teeth; these 
cavities are sixteen in number, and vary in depth and size according to the teeth 
which they contain. To its outer side, the Buccinator muscle is attached as far 
forward as the first molar tooth. The inferior border is rounded, longer than 
the superior and thicker in front than behind ; it may present a shallow groove, 
just where the body joins the ramus, over which the facial artery turns. 

The Perpendicular Portions, or Rami, are of a quadrilateral form. Hach 
presents for examination two surfaces, four borders, and two processes. The 
external surface is flat, marked with ridges, and gives attachment throughout 
nearly the whole of its extent to the Masseter muscle. The internal surface 
presents about its centre the oblique aperture of the inferior dental canal, for 
the passage of the inferior dental vessels and nerve. The margin o: this opening 
is irregular; it presents in front a prominent ridge, surmounted by a sharp spine, 
the lingula, which gives attachment to the internal lateral ligament of the lower 
jaw, and at its lower and back part a notch leading to a groove, the mylo-hyotdean, 
which runs obliquely downwards to the back part of the submaxillary fossa, 
and lodges the mylo-hyoid vessels and nerve. Behind the groove is a rough 
surface, for the insertion of the Internal pterygoid muscle. The inferior dental 
canal runs obliquely downwards and forwards in the substance of the ramus, and 
then horizontally forwards in the body; it is here placed under the alveoli, with 
which it communicates by small openings. On arriving at the incisor teeth, it 
turns back to communicate with the mental foramen, giving off two small canals, 
which run forward, to be lost in the cancellous tissue of the bone beneath the 
incisor teeth. This canal, in the posterior two-thirds of the bone, is situated 
nearer the internal surface of the jaw; and in the anterior third, nearer its 
external surface. Its walls are composed of compact tissue at either extremity, 
and of cancellous in the centre. It contains the inferior dental vessels and nerve, 
from which branches are distributed to the teeth through small apertures at the 
bases of the alveoli. The lower border of the ramus is thick, straight, and con- 
tinuous with the body of the bone. At its junction with the posterior border is 
the angle of the jaw, which is either inverted or everted, and marked by rough, 
oblique ridges on each side, for the attachment of the Masseter externally, and 
the Internal pterygoid internally ; the stylo-mandibular ligament is attached to 
the angle between these muscles. The anterior border is thin above, thicker 
below, and continuous with the external oblique line. The posterior border is 
thick, smooth, rounded, and covered by the parotid gland. The upper border of 
the ramus is thin, and presents two processes, separated by a deep concavity, the 
serials <i Of these processes, the anterior is the coronotd, the posterior the 
condy lord. 

The Coronoid Process is a thin, flattened triangular eminence of bone, which 
varies in shape and size in different subjects, and serves chiefly for the attachment 
of the Temporal muscle. Its external surface is smooth, and affords insertion 
to the Temporal and Masseter muscles. Its internal surface gives attachment to 
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the Temporal muscle, and presents the commencement of a longitudinal ridge, 
which is continued to the posterior part of the alveolar process. On the outer 
side of this ridge is a deep groove, continued below on the outer side of the 
alveolar process ; this ridge and part of the groove afford attachment, above, to 
the Temporal; below, to the Buccinator muscle. 

The Condyloid Process, shorter but thicker than the coronoid, consists of two 
portions: the condyle, and the constricted portion which supports the condyle, 
the neck. The condyle is of an oblong form, its long axis being transverse, and 
set obliquely on the neck in such a manner that its outer end is a little more 
forward and a little higher than its inner. It is convex from before backwards, 
and from side to side, the articular surface extending farther on the posterior 
than*on the anterior aspect. At its outer extremity is a small tubercle for the 
attachment of the external lateral ligament of the temporo-mandibular joint. 
The neck of the condyle is flattened from before backwards, and strengthened by 
ridges which descend from the fore part and sides of the condyle. Its lateral 
margins are narrow, the external one giving attachment to part of the external 
lateral ligament. Its posterior surface is convex; its anterior is hollowed out 
on its inner side by a geprenien (the pterygoid fossa) for the attachment of the 
External pterygoid muscle. 

The Sigmoid Notch, separating the two processes, is a deep semilunar depres- 
sion, crossed by the masseteric vessels and nerve. 

Development.—The lower jaw is developed principally from membrane, but 
partly from cartilage. The process of ossification commences early—earlier than 
any other bone except the clavicle. The greater part of the bone is formed from 
a centre of ossification (dentary), which appears between the fifth and sixth 
weeks in the membrane on the outer surface of Meckel’s cartilage. A second 
centre (splenzal) arises in the membrane on the inner surface of the cartilage, 
and from this centre the inner wall of the sockets of the teeth is formed; this 
terminates above in the lingula. The anterior extremity of Meckel’s cartilage 
becomes ossified, forming the portion of the hody of the bone which lies on each 
side of the symphysis. The central portion of the cartilage becomes absorbed 
and the upper or posterior part is converted into fibrous tissue and remains as a 
permanent structure, the internal lateral ligament of the temporo-mandibular 
joint ; so that the upper part of the ramus and its processes have no connection 
with Meckel’s cartilage, but are ossified from two supplemental patches of 
cartilage, which appear one in the condyle, the other in the coronoid process. 
Some authorities also describe a separate centre, preceded by a cartilaginous 
matrix for the angle. At birth, the bone consists of two halves, united by a 
fibrous symphysis, in which ossification takes place during the first year. 

Articulation.— With the glenoid fossx of the two temporal bones. 

Attachment of Muscles.—To fifteen pairs; to its external surface, commencing 
at the symphysis, and proceeding backwards: Levator menti, Depressor labii 
inferioris, Depressor anguli oris, Platysma myoides, Buccinator, Masseter; a 
portion of the Orbicularis oris (Accessorii Orbicularis inferioris) is also attached 
to this surface. To its internal surface, commencing at the same point: Genio- 
hyo-glossus, Genio-hyoideus, Mylo-hyoideus, Digastric, Superior constrictor 
of the pharynx, Temporal, Internal pterygoid, External pterygoid. 


CHANGES PRODUCED IN THE LOWER JAW BY AGE 


The changes which the lower jaw undergoes after birth, relate (i) to the alterations 
effected in the body of the bone by the first and second dentitions, the loss of the teeth in 
the aged, and the subsequent absorption of the alveoli; (2) to the size and situation of the 
dental canal; and (3) to the angle at which the ramus joins with the body. 

At birth (fig. 258), the bone consists of lateral halves, united by fibrous tissue. The 
body is a mere shell of bone, containing the sockets of the two incisor, the canine, and the 
two temporary molar teeth, imperfectly partitioned from one another. The dental canal 
is of large size, and runs near the lower border of the bone, the mental foramen opening 
beneath the socket of the first molar. The angle is obtuse (175°), and the condyloid portion 
nearly in the same horizontal line with the body; the neck of the condyle is short, and 
bent backwards. ‘The coronoid process is of comparatively large size, and situated at right 
angles with the rest of the bone. = i 

After birth (fig. 259), the two segments of the bone become joined at the symphysis, 
from below upwards, in the first year; but a trace of separation may be visible in the 
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Sipe View oF tHe Lower Jaw Av DIFFERENT PERIODS oF LIFE 


Fig. 258.-—At birth. 
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beginning of the second year, near the alveolar margin. The body becomes elongated in 
its whole length, but more especially behind the mental foramen, to provide space for the 
three additional teeth developed in this part. The depth of the body becomes greater, 
owing to increased growth of the alveolar part, to afford room for the fangs of the teeth, 
and by thickening of the subdental portion which enables the jaw to withstand the power- 
ful action of the masticatory muscles; but the alveolar portion is the deeper of the two, 
and, consequently, the chief part of the body lies above the oblique line. The dental canal, 
after the second dentition, is situated just above the level of the mylo-hyoid ridge; and the 
mental foramen occupies the position usual to it in the adult. The angle becomes less 
obtuse, owing to the separation of the jaws by the teeth. (About the fourth year itis 140°.) 

In the adult (fig. 260), the alveolar and basilar portions of the body are usually of 
equal depth. The mental foramen opens midway between the upper and lower border of 
the bone, and the dental canal runs nearly parallel with the mylo-hyoid line. The ramus 
is almost vertical in direction, and joins the body at a little more than a right angle. 

In old age (fig. 261), the bone becomes greatly reduced in size : for with the loss of the 
teeth the alveolar process is absorbed, and the basilar part of the bone alone remains; 
consequently, the chief part of the bone is below the oblique line. The dental canal, 
with the mental foramen opening from it, is close to the alveolar border. The ramus is 
opnane pt direction, the angle obtuse, and the neck of the condyle more or less bent 

ackwards. 


Hyoip Bone 


The Hyoid bone is named from its resemblance to the Greek upsilon ; it is 
also called the lingual bone, because it supports the tongue, and gives attach- 
ment to its numerous muscles. It is a bony arch, shaped like a horse-shoe, and 
consisting of five segments, a body, two greater cornua, and two lesser cornua. 
It is suspended from the tips of the styloid processes of the temporal bones by 
ligamentous bands, the stylo-hyoid ligaments. 

The Body (bast-hyal) forms the central part of the bone, and is of a quadrilateral 
form ; its anterior surface (fig. 262), convex, directed forwards and upwards, is 
divided into two parts by a ver- 
tical ridge which descends along Fic. 262.—Hyoid bone. Anterior surface 
the median line, and is crossed (enlarged). 
at right angles by a horizontal 
ridge, so that this surface is 
divided into four spaces or 
depressions. At the point of 
meeting of these two lines 
is a prominent elevation, the 
tubercle. The portion above 
the horizontal ridge is directed 
upwards, and is sometimes de- 
scribed as the superior border. 
The anterior surface gives attach- | 
ment to the Genio-hyoid in the i 
greater part of its extent ; above, 
to the Genio-hyo-glossus ; below, 
to the Mylo-hyoid, Stylo-hyoid, 
and aponeurosis of the Digastric 
(suprahyoid aponeurosis) ; and 
between these to part of the Hyo-glossus. The posterior surface is smooth, 
concave, directed backwards and downwards, and separated from the epiglottis 
by the thyro-hyoid membrane and a quantity of loose areolar tissue; a bursa 
intervenes between it and the thyro-hyoid membrane. The superior border 
is rounded, and gives attachment to the thyro-hyoid membrane, part of the 
Genio-hyo-glossi, and Chondro-glossi muscles. The inferior border gives attach- 
ment, in front, to the Sterno-hyoid ; behind, to the Omo-hyoid and to part of 
the Thyro-hyoid, at its junction with the great cornu. It also gives attachment 
to the Levator glandule thyroidee, when this muscle is present. The lateral 
surfaces, after middle life, are joined to the greater cornua, In early life they 
are connected to the cornua by cartilaginous surfaces, and held together by 
ligaments, and occasionally a synovial membrane is found between them. 

The Greater Cornua (thyro-hyal) project backwards from the lateral surfaces 
of the body; they are flattened from above downwards, diminish in size from 
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before backwards, and terminate posteriorly in. tubercle for the attachment of 
the lateral thyro-hyoid ligament. The outer surface gives attachment to the 
Hyo-glossus; the upper border to the Middle constrictor of the pharynx; the 
lower to part of the Thyro-hyoid muscle. 

The faner Cornua (cerato-hyal) are two small, conical-shaped eminences, 
attached by their bases to the angles of junction between the body and greater 
cornua, and giving attachment by their apices to the stylo-hyoid ligaments.* 
The smaller cornua are connected to the body of the bone by a distinct 
diarthrodial joint, which usually persists throughout life, but occasionally 
becomes ankylosed. 

Development.— By jive centres: one for the body, and one for each cornu. 
Ossification commences in the body about the eighth month, and in the greater 
cornua towards the end of foetal life. Ossification of the lesser cornua commences 
during the first or second year after birth. According to some authorities there 
are two centres for the body. 

Attachment of Muscles.-— Sterno-hyoid, Thyro-hyoid, Omo-hyoid, aponeurosis 
of the Digastric, Stylo-hyoid, Mylo-hyoid, Genio-hyoid, Genio-hyo-glossus, 
Chondro-glossus, Hyo-glossus, Middle constrictor of the pharynx, and occa- 
sionally a few fibres of the Inferior lingualis. It also gives attachment to the 
thyro-hyoid membrane, and the stylo-hyoid, thyro-hyoid, and hyo-epiglottic 
ligaments. 


Surface Form.—The hyoid bone can be felt in the receding angle below the chin, and 
the finger can be carried along the whole length of the bone to the greater cornu, which 
is situated just below the angle of the jaw. This process of bone is best perceived by 
making pressure on one cornu and so pushing the bone over to the opposite side, when 
the cornu of this side will be distinctly felt immediately beneath the skin. It is an 
important landmark in ligature of the lingual artery. 

Surgical Anatomy.—The hyoid bone is occasionally fractured, generally from direct 
violence, as in hanging ; forcible grasping of the throat in garotting or throttling, or by a 
blow ; but cases are also recorded where it has arisen from muscular action. The fracture 
generally occurs about the junction of the greater cornu with the body of the bone, but 
sometimes takes place through the latter. In consequence of the muscles of the tongue 
having important connections with this bone, there is great pain upon any attempt 
being made to move the tongue, as in speaking or swallowing. 


THE SUTURES 


The bones of the Skull, with the exception of the Mandible, are connected 
to each other by means of Sutures. That is, the articulating surfaces or edges 
of the bones are more or less roughened or uneven, and are closely adapted to 
each other, a small amount of intervening fibrous tissue, the sutural ligament, 
fastening them together. The Sutures of the Brain-case may be divided into 
7 sets: 1. those at the vertex; 2. those at the side; 3. those at the 

ase. 


The sutures at the vertex of the skull are four: the metopic, sagittal, coronal, 
and lambdoid. 

The Metopic or Frontal Suture is the suture formed by the junction of the 
two halves of the frontal bone. At birth the two halves of the frontal bone are 
separated by the suture, but the greater part of it usually disappears about the 
fifth or sixth year. In the adult it may not exist at all, or may be represented 
by a slight fissure, just above the glabella ; but according to Cunningham it exists 
in about 8 per cent. of Europeans, in whom it is of more frequent occurrence 
than in the lower races of man. 

The Sagittal Suture (interparietal) is formed by the junction of the two 
parietal bones, and extends from the middle of the frontal bone, backwards to 
the superior angle of the occipital. In childhood, and sometimes in the adult, 
when the two halves of the frontal bone are not united, it is continued forwards 
to the root of the nose. This suture is sometimes perforated, near its posterior 
extremity, by the parietal foramen ; and in front, where it joins the coronal 
suture, a space is occasionally left, which encloses a large Wormian bone. 


* These ligaments in many animals are distinct bones, 


í i and in man may undergo 
partial ossification. 5 á 
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The Coronal Suture (fronto-parietal) extends transversely across the vertex 
of the skull, and connects the frontal with the parietal bones. It commences 
at the extremity of the greater wing of the sphenoid on one side, and terminates 
at the same point on the opposite. The dentations of the suture are more 
marked at the sides than at the summit, and are so constructed that the frontal 
rests on the arletal above, while laterally the frontal supports the parietal. 

The Lambdoid Suture (occzpito-parietal), so called from its resemblance to 
the Greek letter A, connects the occipital with the parietal bones. It com- 
mences on each side at the mastoid portion of the temporal bone, and inclines 
upwards and backwards to the end of the sagittal suture. The dentations of 
this suture are very deep and distinct, and are often interrupted by several small 
Wormian bones. 

The sutures at the side of the skull extend from the external angular process 
of the frontal bone to the lower end of the lambdoid suture. From before 
backwards, they consist of the fronto-malar, spheno-malar, sphenc-frontal, spheno- 
parretal, squamo-sphenordal, squamo-parvetal, and masto-parietal, 

_ The Fronto-malar connects the external angular process of the frontal bone 
with the parietal. 

The Spheno-malar is situated between the anterior border of the great wing 
of the sphenoid and the orbital process of the malar. 

_ The Spheno-frontal joins the great wing of the sphenoid to the frontal behind 
its external angular process. 

The Spheno-parietal is placed between the anterior inferior angle of the 
parietal and the great wing of the sphenoid. This suture varies greatly in 
length in different skulls, and is sometimes absent owing to the articulation 
of the squamous-temporal with the frontal. 

The Squamo-sphenoidal connects the posterior border of the greater wing of 
the sphenoid with the anterior border of the squamous-temporal. 

The Squamo-parietal, or Squamous Suture, is arched. It is formed by the 
squamous portion of the temporal bone overlapping the middle division of the 
lower border of the parietal. 

The Masto-parietal is a short suture, deeply dentated, situated between the 
posterior inferior angle of the parietal and the superior border of the mastoid 
portion of the temporal. | 

__ The sutures at the base of the skull are, the basilar in the centre, and on each 
side, the petro-occipital, the masto-occipital, the petro-sphenoidal, and the squamo- 
sphenordal. 

The Basilar Suture is formed by the junction of the basilar surface of the 
occipital bone with the posterior surface of the body of the sphenoid. At an early 
period of life a thin plate of cartilage exists between these bones; but in the adult 
they become fused into one. From the outer extremity of the basilar suture to 
the termination of the lambdoid, an irregular suture exists, which is subdivided 
into two portions. The inner portion, formed by the union of the petrous part of 
the temporal with the occipital bone, is termed the petro-occipital. The outer 
portion, formed by the junction of the mastoid part of the temporal with the 
occipital, is called the masto-occipital. In the petro-occipital suture, a thin plate 
of cartilage exists; in the masto-occipital is occasionally found the opening 
of the mastoid foramen. Between the outer extremity of the basilar suture 
aud the spheno-parietal, an irregular suture is seen uniting the sphenoid and 
temporal bones. The inner and smaller portion of this suture is termed 
the petro-sphenoidal; it runs between the petrous portion of the temporal and 
the great wing of the sphenoid : the outer portion, of greater length, and arched, 
connects the squamous portion of the temporal with the great wing of the 
sphenoid ; it is called the squamo-sphenoidal. 

The cranial bones are connected with those of the face, and the facial bones 
with each other, by numerous sutures, which, though distinctly marked, have 
received no special names. The only remaining suture deserving especial con- 
sideration is the transverse. This extends across the upper part of the face, and 
is formed by the junction of the frontal with the bones which lie below it; it 
extends from the external angular process of one side to the same point on the 
opposite side, and connects the frontal with the malar, the sphenoid, the ethmoid, 
the lachrymal, the superior maxillary, and the nasal bones. 
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The sutures remain separate for a considerable period after the complete 
formation of the skull. It is probable that they serve the purpose of permitting 
the growth of the bones at their margins ; while their peculiar formation, together 
with the interposition of the sutural ligament between the bones forming them, 
prevents the dispersion of blows or jars received upon the skull. Humphry 
remarks ‘that, as a general rule, the sutures are first obliterated at the parts in 
which the ossification of the skull was last completed—viz. in the neighbourhood 
of the fontanelles; and the cranial bones seem in this respect to observe a similar 
law to that which regulates the union of the epiphyses to the shafts of the long 
bones. The same author remarks that the time of their disappearance is 
extremely variable: they are sometimes found well marked in skulls edentulous 
with age, while in others which have only just reached maturity they can hardly 
be traced. The obliteration of the sutures takes place sooner on the inner than 
on the outer surface of the skull. The sagittal and coronal sutures are as a rule 
the first to become ossified—the process starting near the posterior extremity of 
the former and the lower ends of the latter. 


THE SKULL AS A WHOLE 


The Skull, as a whole, varies much in size and in shape. As regards the 
size, it is important to note that it forms a good index of the development of 
the brain, and is most conveniently estimated by its capacity. It is filled with 
shot, and the amount required to fill it ascertained by means of a graduated 
measure. Skulls which contain from 1'350 to 1'450 cubic centimetres are 
termed mesocephalic; those above 1'450 c.c, megacephalic; and those below 
1350 C.c, microcephalic. Alterations in shape depend to a great extent 
upon the relation of the length to the breadth. On viewing a series of skulls 
from above, it will be found that the shape may vary from nearly circular to 
an elongated oval. In order to express these differences in figures, the length 
and the breadth of the skull are taken: the length, by measuting from the most 
prominent part of the glabella to the point of the occipital bone, in the median 
line farthest removed from the glabella; the breadth, by taking the greatest 
transverse diameter of the skull above the supramastoid ridges. The proportion 
of the breadth to the length ee) is the cephalic index. Where 
this is over 80, the skull is said to be brachycephalic; where it is between 

5 and 8o, it is said to be mesaticephalic; and where it is below 75, it is 
dolichocephalic. The a of the head and face also largely depends upon 
the size of the jaws and the extent to which they project forwards. The 
degree of projection is indicated by comparing the length of a line drawn 
from the centre of the anterior margin of the upper alveolar arch to the middle of 
the anterior margin of the foramen magnum, with a line drawn from the middle 
of the naso-frontal suture to the same point. This constitutes the gnathic or 
alveolar index, and may be expressed thus: 


Basi-alveolar length x 100 
Basi-nasal length 


All skulls with a gnathic index below 98 are orthognathous ; between 98 and 103, 
mesognathous ; and above 103, prognathous. The skull may also vary in form 
from want of symmetry. 

The Skull, bem the union of the several cranial and facial bones already 
described, when considered as a whole, is divisible into five regions : a superior 
region or vertex, an inferior region or base, two lateral regions, and an anterior 
region, the face. 


=egnathic index. 


VERTEX OF THE SKULL 


. Pe ai Region, or Vertex, presents two surfaces, an external and an 
internal. 

| The external surface is bounded, in front, by the glabella and supra-orbital 
ridges ; behind, by the occipital protuberance and superior curved lines of the 
occipital bone ; laterally, by an imaginary line extending from the outer end of 
the superior curved line, along the temporal ridge, to the external angular process 
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of the frontal bone. This surface includes the greater part of the vertical portion of 
the frontal, the greater part of the parietal, and the superior third of the occipital 
bone; itis smooth, convex, of an elongated oval form, crossed transversely by the 
coronal suture, and from before backwards by the sagittal, which terminates 
behind in the lambdoid, while immediately above the glabella is the remnant of 
the metopie suture. The point of junction of the coronal and sagittal sutures is 
named the bregma, and is represented by a line drawn vertically upwards from 
the external auditory meatus, the head being in its normal position. The point 
of junction of the sagittal and lambdoid sutures is called the lambda, and is about 
two inches and three-quarters above the external occipital protuberance. From 
before backwards may be seen the superciliary ridges and frontal eminences; on 
each side of the sagittal suture are the parietal foramen and parietal eminence, 
and still more posteriorly the convex surface of the occipital bone. In the 
neighbourhood of the parietal foramen the skull is often flattened, and the name 
of obelion is sometimes given to that point of the sagittal suture which lies in line 
with the two parietal foramina. 

The internal surface is concave, presents depressions for the convolutions 
of the cerebrum, and numerous furrows for the lodgment of branches of the 
meningeal arteries. Along the middle line of this surface is a longitudinal groove, 
narrow in front, where it commences at the frontal crest, but broader behind ; 
it lodges the superior longitudinal sinus, and by its margins affords attachment 
to the falx cerebri. On either side of it are several depressions for the 
Pacchionian bodies, and at its back part, the internal openings of the parietal 
foramina. This surface is crossed, in front, by the coronal suture; from before 
backwards, by the sagittal; behind by the lambdoid, 
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The Inferior Region, or Base of the Skull, presents two surfaces—an interna! 
or cerebral, and an external or basilar. 

The internal or cerebral surface (fig. 263) presents three fosse, called the 
anterior, middle, and posterior fossæ of the cranium. 

The Anterior Fossa is formed by the orbital plates of the frontal, the cribriform 
plate of the ethmoid, the anterior third of the superior surface of the body, and 
the upper surface of the lesser wings of the sphenoid, and is defined posteriorly 
by the posterior border of the lesser wings of the sphenoid. It is the most 
elevated of the three fossee, convex externally where it corresponds to the roof of 
the orbit, concave in the situation of the cribriform plate of the ethmoid. It is 
traversed by three sutures, the ethmo-frontal, ethmo-sphenoidal, and fronto- 
sphenoidal ; and lodges the frontal lobes of the cerebrum. It presents, in the 
median line, from before backwards, the commencement of the groove for the 
superior longitudinal sinus, and the frontal crest for the attachment of the falx 
cerebri ; the foramen cecum, an aperture formed between the frontal bone and 
the crista galli of the ethmoid, which, if pervious, transmits a small vein from 
the nose to the superior longitudinal sinus ; behind the foramen cacum, the erista 
galli, the posterior margin of which affords attachment to the falx cerebri ; on 
either side of the crista galli, the olfactory groove formed by the cribriform plate, 
which supports the olfactory bulb, and presents three rows of foramina for the 
transmission of its nervous filaments to the nose, and in front a slit-like opening 
for the nasal branch of the ophthalmic division of the fifth nerve. On the outer 
side of each olfactory groove are the internal openings of the anterwr and posterior 
ethmoidal foramina ; the former, situated about the middle of the outer margin 
of the olfactory groove, transmits the anterior ethmoidal vessels and the nasal 
nerve; the nerve runs in a groove along the outer edge of the cribriform plate, 
to the slit-like opening above mentioned ; while the posterior ethmoidal foramen 
opens at the back part of this margin under cover of the projecting lamina of the 
sphenoid, and transmits a meningeal branch from the posterior ethmoidal artery. 
Farther back in the middle line is the ethmoidal spilt bounded behind by a 
slight elevation, separating two shallow longitudinal grooves which support the 
olfactory lobes. Behind this is a transverse sharp ridge, running outwards on 
either side to the anterior margin of the optic foramen, and separating the anterior 
from the middle fossa of the base of the skull. The anterior fossa presents, 
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laterally, depressions for the convolutions of the brain, and grooves for the lodgment 


of the anterior meningeal arteries. “a í 
The Middle Fossa, deeper than the preceding, is narrow 1m the middle line, 


but becomes wider at the side of theskull. It is bounded in front by the posterior 


Fre. 263.—Base of the skull. Inner or cerebral surface. 
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margin of the lesser wing of the sphenoid, the anterior clinoid process, and the 
ridge forming the anterior margin of the optic groove; behind, by the superior 
border of the petrous portion of the temporal, and the dorsum ephippii; 
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externally by the squamous portion of the temporal, anterior inferior angle of 
cae bone, and senior "E of the sphenoid. It is traversed by four 
es, the squamo-parietal, spheno-parietal, - dal, and petro- 
a q P p p squamo-sphenoidal p i 
_ In the middle line, from before backwards, is the optic groove, behind which 
lies the optic commissure; the groove terminates on each side in the optic 
foramen, for the passage of the optic nerve and ophthalmic artery; behind the 
optic groove is the olivary process, and laterally the anterior clnoid processes, to 
which are attached processes of the tentorium cerebelli. Farther back is the sella 
turcica, a deep depression, which lodges the pituitary gland, bounded in front by 
a small eminence on either side, the middle clinoid process, and behind by a broad 
square plate of bone, the dorsum ephippii, surmounted at each superior angle by 
a tubercle, the posterior clinoid process; beneath the latter process is a notch, 
for the sixth nerve. On each side of the sella turcica is the cavernous groove: 
it is broad, shallow, and curved somewhat like the italic letter f; it commences 
behind at the foramen lacerum medium, and terminates on the inner side 
of the anterior clinoid process, and presents along its outer margin a ridge of 
bone. This groove lodges the cavernous sinus, the internal carotid artery, and 
the nerves of the orbit. The sides of the middle fossa are of considerable 
depth: they present depressions for the convolutions of the brain, and grooves 
for the branches of the middle meningeal arteries; the latter commence on 
the outer side of the foramen spinosum, and consist of two large branches, an 
anterior and a posterior ; the former passing upwards and forwards to the anterior 
inferior angle of the parietal bone, the latter passing upwards and backwards. 
The following foramina are also to be seen from before backwards. Most 
anteriorly is the foramen lacerum anterius, or sphenoidal fissure, formed above by 
the lesser wing of the sphenoid ; below, by the greater wing; internally, by the 
body of the sphenoid ; and sometimes completed externally by the orbital plate 
of the frontal bone. It transmits to the orbital cavity the third, the fourth, the 
three branches of the ophthalmic division of the fifth, the sixth nerve, some 
filaments from the cavernous plexus of the sympathetic, the orbital branch of 
the middle meningeal artery, and from the orbital cavity a recurrent branch 
from the lachrymal artery to the dura mater, and the ophthalmic vein. Behind 
the inner extremity of the sphenoidal fissure is the foramen rotundum, for the 
passage of the second division of the fifth or superior maxillary nerve ; still more 
posteriorly is the foramen Vesalii, which varies in size in different individuals, 
and is often absent. When present, it opens below at the outer side of the 
scaphoid fossa, and transmits a small vein. Behind and external to the latter 
opening is the foramen ovale, which transmits the third division of the fifth or 
inferior maxillary nerve, the small meningeal artery, and the small superficial 
petrosal nerve.* On the outer side of the foramen ovale is the foramen spinosum, 
for the passage of the middle meningeal artery and veins, and on the inner side 
of the foramen ovale, the foramen lacerum medium. The lower part of this 
aperture is filled up by a layer of fibro-cartilage in the recent state, while its 
upper and inner parts transmit the internal carotid artery and its sympathetic 
plexus of nerves. The Vidian nerve and a meningeal branch from the ascending 
pharyngeal artery pierce the layer of fibro-cartilage. On the anterior surface of 
the petrous portion of the temporal bone is seen, from without inwards, the 
eminence caused by the projection of the superior semicircular canal ; in front of 
and a little outside this a depression corresponding to the roof of the tympanum ; 
the groove leading to the hiatus Fallopii, for the transmission of the great 
superficial petrosal nerve and the petrosal branch of the middle meningeal 
artery; beneath it, the smaller groove, for the passage of the small superficial 
petrosal nerve; and, near the apex of the bone, the depression for the Gasserian 
ganglion and the orifice of the carotid canal, for the passage of the internal 
carotid artery and carotid plexus of nerves. 

The Posterior Fossa, deeply concave, is the largest of the three, and situated 
on a lower level than either of the preceding. It is formed by the dorsum sellæ 
and clivus of the sphenoid, by the occipital, the petrous and mastoid portions of 
the temporal, and the posterior inferior angle of the parietal bone ; it is crossed 
by four sutures, the petro-occipital, the masto-occimital, the masto-parietal, and 


* See footnote, page 200. 
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(in the young skull) the basilar; and lodges the cerebellum, pons Varolii, and 
medulla oblongata. It is separated from the middle fossa in and near the 
median line by the dorsum ephippii, and on each side by the superior border of 
the petrous portion of the temporal bone. This border serves for the attachment 
of the tentorium cerebelli, is grooved for the superior petrosal sinus, and at its 
inner extremity presents a notch, upon which the fifth nerve rests. The circum- 
ference of the fossa is bounded posteriorly by the grooves for the lateral sinuses. 
In the centre of this fossa is the foramen magnum, bounded on either side by 
a rough ‘tubercle, which gives attachment to the odontoid or check ligaments ; 
and a little above these are seen the internal openings of the anterior condyloid 
foramina, through which pass the hypoglossal nerve and a meningeal branch from 
the ascending pharyngeal artery. In front of the foramen magnum 1s a grooved 
surface, forniad by the basilar process of the occipital bone and by the posterior 
third of the superior surface of the body of the sphenoid, which supports the 
medulla oblongata and pons Varolii, and articulates on each side with the petrous 
portion of the temporal bone, forming the petro-occtpital suture, the anterior half 
of which is grooved for thé inferior petrosal sinus, the posterior half being 
encroached upon by the foramen lacerum posterius, or jugular foramen. Through 
the anterior portion of this foramen passes the inferior petrosal sinus ; through 
the posterior, the lateral sinus and some meningeal branches from the occipital 
and ascending pharyngeal arteries; and through the middle, the glosso-pharyngeal, 
pneumogastric, and spinal accessory nerves. Above the jugular foramen is the 
internal auditory meatus, for the facial and auditory nerves and auditory artery ; 
behind and external to this is the slit-like opening leading into the aquaeductus 
vestibuli, which lodges the ductus endolymphaticus; while between these, and 
near the superior border of the petrous portion, is a small, triangular depres- 
sion, the remains of the fossa subarcuata, which lodges a process of the dura 
mater and occasionally transmits a small vein. Behind the foramen magnum 
are the inferior occipital fosse, which lodge the hemispheres of the cerebellum, 
separated from one another by the internal occipital .crest, which serves for the 
attachment of the falx cerebelli, and lodges the occipital sinus. The posterior 
fossa are surmounted by the deep transverse grooves for the lodgment of 
the lateral sinuses. These channels, in their passage to the jugular foramina, 
groove the occipital bone, the posterior inferior angle of the parietal, the mastoid 
portion of the temporal, and the jugular process of the occipital, and terminate at 
the back part of the jugular foramen. Where this sinus grooves the mastoid 
portion of the temporal bone, the orifice of the mastoid foramen may be seen ; 
and, just previous to its termination, the posterior condyloid foramen opens 
into it. Neither foramen is constant. 

The External Surface of the Base of the Skull (norma basalis) is extremely 
irregular (fig. 264). It is bounded in front by the incisor teeth in the upper 
jaw; behind, by the superior curved lines of the occipital bone; and laterally 
by the alveolar arch, the lower border of the malar bone, the zygoma, and an 
imaginary line, extending from the zygoma to the mastoid process and extremity 
of the superior curved line of the occiput. It is formed by the palate processes 
of the superior maxillary and palate bones, the vomer, the pterygoid processes, 
under surface of the great wing, spinous processes and part of the body of 
the sphenoid, the under surface of the squamous, mastoid, and petrous portions 
of the temporal, and the under surface of the occipital bone. The anterior 
part of the base of the skull is raised above the level of the rest of this surface 
(when the skull is turned over for the purpose of examination), and is bounded 
in front and laterally by the alveolar process, which is thicker behind than 
in front, and excavated by sixteen depressions for lodging the teeth of the upper 
jaw, the cavities varying in depth and size according to the teeth they contain. 
Immediately behind the incisor teeth is the anterior palatine fossa. At the 
bottom of this fossa may usually be seen four apertures: two placed laterally, 
the foramina of Stenson, which open above, one in the floor of each nostril, and 
transmit the anterior branches of the posterior palatine vessels, and two in the 
median line in the intermaxillary suture, the foramina of Scarpa, one in front 
of the other, the anterior transmitting the left, and the posterior (the larger) 
the right, naso-palatine nerve. These two latter canals are sometimes wanting, 
or they may join to form a single one, or one of them may open into one 
of the lateral canals above referred to. The palatine vault is concave, uneven, 
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perforated by numerous foramina, marked by depressions for the palatine 
glands, and crossed by a crucial suture, formed by the junction of the four 
bones of which it is composed. At the front part of this surface, a delicate 


Fire. 264.—Base of the skull. External surface. 
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linear suture may be seen in the young skull, passing outwards and forwards 
from the anterior palatine fossa to the interval between the lateral incisor 
and canine teeth, and marking off the pre-maxillary portion of the bone (fig. 242). 
At each posterior angle of the hard palate is the posterior palatine foramen, for 
the transmission of the posterior palatine vessels and large descending palatine 
nerve; and running forwards and inwards from it a groove, for the same vessels 
and nerve. Behind the posterior palatine foramen is the tuberosity of the palate- 
bone, perforated by one or more accessory posterior palatine canals, and marked 
by the commencement of a ridge, which runs transversely inwards, and serves 
for the attachment of the tendinous expansion of the Tensor palati muscle. 
Projecting backwards from the centre of the posterior border of the hard palate 
is the posterior nasal spine, for the attachment of the Azygos uvule muscle. 
Behind and above the hard palate are the posterior apertures of the nares 
(choane), separated by the vomer, bounded above by the body of the sphenoid, 
below by the horizontal plate of the palate-bone, and laterally by the internal 
pterygoid plate of the sphenoid. Each aperture measures about an inch in 
the vertical, and about half an inch in the transverse direction. At the base 
of the vomer may be seen the expanded alw of this bone, receiving between 
them the rostrum of the sphenoid. Near the lateral margins of the vomer, 
at the root of the pterygoid processes, are the pterygo-palatine canals. The 
pterygoid process, which bounds the posterior nares on each side, presents 
near its base the pterygoid or Vidian canal, for the Vidian nerve and artery. 
Each process consists of two plates, which bifurcate at the extremity to receive 
the tuberosity of the palate-bone, and are separated behind by the pterygoid 
fossa, which lodges the Internal pterygoid muscle. The internal plate is long 
and narrow, presenting on the outer side of its base the scaphoid fossa, for the 
origin of the Tensor palati muscle, and at its extremity the hamular process, 
around which the tendon of this muscle turns. The external pterygoid plate is 
broad, forms the inner boundary of the zygomatic fossa, and affords attachment, 
by its outer surface, to the External pterygoid muscle. 

Behind the nasal fossz in the middle line is the basilar surface of the 
occipital bone, presenting in its centre the pharyngeal spine for the attachment 
of the Superior constrictor muscle of the pharynx, with depressions on each 
side for the insertion of the Rectus capitis anticus major and minor. At the 
base of the external pterygoid plate is the foramen ovale, for the transmission 
of the third division of the fifth nerve, the small meningeal artery, and some- 
times the small petrosal nerve; behind this, the foramen spinosum, which 
transmits the middle meningeal artery and veins, and the prominent spinous 
process of the sphenoid, which gives attachment to the internal lateral ligament 
of the lower jaw and the Tensor palati muscle. External to the spinous 
process is the glenoid fossa, divided into two parts by the Glaserian fissure 
(page 191), the anterior portion concave, smooth, bounded in front by the 
eminentia articularis, and serving for the articulation of the condyle of the 
lower jaw; the posterior portion rough, bounded behind by the tympanic plate, 
and serving for the reception of part of the parotid gland. Emerging from 
between the lamine of the vaginal process of the tympanic plate is the styloid 
process; and at the base of this process is the stylo-mastoid foramen, for the 
exit of the facial nerve, and entrance of the stylo-mastoid artery. External 
to the stylo-mastoid foramen is the auricular fissure, for the auricular branch 
of the pneumogastric, between the tympanic plate and the mastoid process. 
Upon the inner side of the mastoid process is a deep groove, the digastric fossa ; 
and a little more internally, the occipital groove, for the occipital artery. At 
the base of the internal pterygoid plate is a large and somewhat triangular 
aperture, the foramen lacerum medium, bounded in front by the great wing 
of the sphenoid, behind by the apex of the petrous portion of the temporal bone, 
and internally by the body of the Scant and basilar process of the occipital 
bone; it presents in front the posterior orifice of the Vidian canal; behind, 
the aperture of the carotid canal. The basilar surface of- this opening is filled 
up in the recent state by a fibro-cartilaginous plate, across the upper or cerebral 
aspect of which the internal carotid artery passes. External to this aperture, 
the petro-sphenoidal suture is observed, at the outer termination of which are the 
orifice of the bony part of the Eustachian tube and the orifice of the canal for 
the Tensor tympani muscle. Behind this suture is the under surface of the 
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petrous portion of the temporal bone, presenting, from within outwards, the 
quadrilateral, rough surface, part of which affords attachment to the Levator 
palati muscle ; external to this surface the orifice of the carotid canal and, to 
its inner side, the depression leading to the aqueductus cochleæ, the former 
transmitting the internal carotid artery and the carotid plexus of the sym- 
pathetic, the latter serving for the passage of a vein from the cochlea. Behind 
the carotid canal is a large aperture, the jugula.: foramen, formed in front 
by the petrous portion of the temporal, and behind by the occipital; it is 
generally larger on the right than on the left side, and is partly subdivided into 
three compartments. The anterior is for the passage of the inferior petrosal 
sinus; the posterior for the lateral sinus and some meningeal branches from 
the occipital and ascending pharyngeal arteries; the central one for the glosso- 
pharyngeal, pneumogastric, and spinal accessory nerves. On the ridge of bone 
dividing the carotid canal from the jugular foramen is the small foramen for the 
transmission of Jacobson’s nerve (tympanic branch of the glosso-pharyngeal) ; 
and on the wall of the jugular foramen, near the root of the styloid process, is 
the small aperture for the transmission of Arnold’s nerve (auricular branch of 
the vagus). Behind the basilar surface of the occipital bone is the foramen 
magnum, bounded on each side by the condyles, rough internally for the 
attachment of the check or odontoid ligaments, and presenting externally 
a rough surface, the jugular process, which serves for the attachment of the 
Rectus capitis lateralis muscle and the lateral occipito-atlantal ligament. The 
foramen magnum transmits the medulla oblongata and its membranes, the 
spinal accessory nerves, the vertebral arteries, the anterior and posterior 
spinal arteries, and the occipito-axial ligaments. On either side of each condyle 
anteriorly is the anterior condyloid fossa, perforated by the anterior condyloid 
foramen, for the passage of the hypoglossal nerve and a meningeal artery. 
Behind each condyle is the posterior condyloid fossa, perforated on one or 
both sides by the posterior condyloid foramen, for the transmission of a 
vein to the lateral sinus. Behind the foramen magnum is the external occipital 
crest, terminating above at the external occipital protuberance, while on each 
side are seen the superior and inferior curved lines; these, as well as the 
surfaces of bone between them, are rough for the attachment of the muscles, 
which are enumerated on page 185. 


LATERAL REGION OF THE SKULL 


The Lateral Region of the Skull (fig. 265) is of a somewhat triangular form, 
the base of the triangle being formed by a line extending from the external 
angular process of the frontal bone along the temporal ridge backwards to the 
outer extremity of the superior curved line of the occiput: and the sides by two 
lines, the one drawn downwards and backwards from the external angular 
process of the frontal bone to the angle of the lower jaw, the other from the 
angle of the jaw upwards and backwards to the outer extremity of the superior 
curved line. This region is divisible into three portions—temporal fossa, mastoid 
portion, and zygomatic fossa. 


THe TEMPORAL Fossa 


The Temporal Fossa is bounded above and behind by the temporal ridges, 
which extend from the external angular process of the frontal upwards and 
backwards across the frontal and parietal.bones, and then curve downwards 
and forwards to terminate in the posterior root of the zygomatic process (swpra- 
mastoid crest). In front, it is bounded by the frontal, malar, and great wing of 
the sphenoid ; externally, by the zygomatic arch, formed conjointly by the malar 
and temporal bones; below, it is separated from the zygomatic fossa by the 
pterygoid ridge, or infratemporal crest, on the outer surface of the great wing of 
the sphenoid. This fossa is formed by five bones, part of the frontal, great wing 
of the sphenoid, parietal, squamous portion of the temporal, and malar bones, 
and is traversed by six sutures, part of the transverse facial,- spheno-malar, 
coronal, spheno-parietal, squamo-parietal, and squamo-sphenoidal. The point 
where the coronal suture crosses the superior temporal ridge is named the 
stephanion; and the region where the parietal, frontal, squamous temporal, and 
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greater wing of the sphenoid meet at the anterior inferior angle of the parietal 
bone is named the pterion. This point is a little above the level of the external 
angular process of the frontal bone and about an inch and a quarter behind 
it. This fossa is deeply concave in front, convex behind, traversed by grooves 
which lodge branches of the deep temporal arteries, and filled by the Temporal 
muscle. 


Tue Mastrorp PORTION 


The Mastoid Portion of the side of the skull is bounded in front by the 
tubercle of the zygoma; above, by a line which runs from the posterior root of 
the zygoma to the end of the mastoid-parietal suture ; behind and below by the 


Fic. 265.—Side view of the skull. 
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masto-occipital suture. Itis formed by the mastoid and part of the squamous 
and tympanic portions of the temporal bone ; its surface is convex and rough for 
the attachment of muscles, and presents, from behind forwards, the mastoid 
foramen, the mastoid process, the suprameatal triangle, the external auditory 
meatus, hounded behind, below and in front by the tympanic plate, and, most 
anteriorly, the temporo-maxillary articulation. 

The point where the posterior inferior angle of the parietal meets the occipital 
bone and mastoid portion of the temporal is named the asterion. 


THe Zycomatic Fossa 


The Zygomatic Fossa (fig. 266) is an ee shaped cavity, situated below 
and on the inner side of the zygoma ; bounded, in front, by the zygomatic surface 
of the superior maxillary bone and the ridge which descends from its malar 


THE ZYGOMATIC FOSSA 239 
process; behind, by the eminentia articularis and spine of sphenoid ; above, by 
the great wing of the sphenoid below the pterygoid ridge and by the under part of 
the squamous temporal ; below, by the alveolar border of the superior maxilla ; 
internally, by the external pterygoid plate; and externally, by the zygomatic 
arch and by the ramus and coronoid process of the lower jaw. It contains 
the lower part of the Temporal, the External and Internal pterygoid muscles, 
together with the internal maxillary artery and vein, and inferior maxillary 
nerve, and their branches. The foramen ovale and foramen spinosum open on 
its roof, and the posterior dental canals on its anterior wall. At its upper 


Fic, 266.—-Zygomatic fossa. 
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and inner part may be observed two fissures, which together form a F-shaped 
fissure, the horizontal limb being named the spheno-maxillary, and the vertical 
one the pterygo-maxillary fissure. 

The Spheno-maxillary Fissure, horizontal in direction, opens into the outer 
and back part of the orbit. Itis formed above by the lower border of the orbital 
surface of the great wing of the sphenoid; below, by the external border of the 
orbital surface of the superior maxilla and the orbital process of the palate-bone ; 
externally, by a small part of the malar bone: * internally, it joins at right angles 
with the pterygo-maxillary fissure. This fissure opens a communication from 
the orbit into three fosse—the temporal, zygomatic, and spheno-mazxillary ; it 
transmits the superior maxillary nerve and its temporo-malar branch, the infra- 
orbital vessels, the ascending branches from Meckel’s ganglion, and a vein which 
connects the ophthalmic vein with the pterygoid venous plexus. 

The Pterygo-maxillary Fissure is vertical, and descends at right angles from 
the inner extremity of the preceding ; it is a triangular interval, formed by the 
divergence of the superior maxillary bone from the pterygoid process of the 
sphenoid. It serves to connect the spheno-maxillary fossa with the zygomatic 
fossa, and transmits branches of the internal maxillary artery. 


TuE SPHENO-MAXILLARY Fossa 


The Spheno-maxillary Fossa is a small, triangular space situated at the angle 
of junction of the spheno-maxillary and pterygo-maxillary fissures, and placed 
beneath the apex of the orbit. It is formed above by the under. surface of the 
body of the sphenoid and by the orbital process of the palate-bone ; in front, by 


* Occasionally the superior maxillary bone and the sphenoid articulate with each other 
at the anterior extremity of this fissure; the malar is then excluded from it. 
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the superior maxillary bone ; behind, by the anterior surface of the base of the 
pterygoid process and lower part of the anterior surface of the great wing of 
the sphenoid ; internally, by the vertical plate of the palate. This fossa has 
three fissures terminating in it, the sphenoidal, spheno-maaillary, and pterygo- 
maxillary; it communicates with the orbit by the spheno-maxillary fissure; with 
the nasal fosss by the spheno-palatine foramen, and with the zygomatic fossa 
by the pterygo-maxillary fissure. It also communicates with the cavity of the 
cranium, and has five foramina opening into it. Of these there are three on 
the posterior wall: the foramen rotundum above: below, and internal to this, 
the Vidian canal; and still more inferiorly and internally, the pterygo-palatine 
canal. On the inner wall is the spheno-palatine foramen by which the spheno- 
maxillary communicates with the nasal fossa ; and below is the superior orifice 
of the posterior palatine canal, besides oceasionally the orifices of the accessory 
Seplenior palatine canals. The fossa contains the superior maxillary nerve and 
eckel’s ganglion, and the termination of the internal maxillary artery. 


ANTERIOR REGION OF THE SKULL 


The Anterior Region of the Skull (norma frontalis), which forms the face, is 
of an oval form, presents an irregular surface, and is excavated for the reception 
of two of the organs of sense, the eye and the nose. It is bounded above by the 
glabella and margins of the orbit; below, by the lower border of the body of the 
mandible; on each side, by the malar bone, and ramus of the jaw. In the median 
line are seen from above downwards the glabella, and diverging from it are the 
superciliary ridges, which indicate the situation of the frontal sinuses and support 
the eyebrows. Beneath the glabella is the fronto-nasal suture, the mid-point of 
which is termed the nasion, and below this is the arch of the nose, formed by 
the nasal bones, and the nasal processes of the superior maxillary. The nasal 
arch is convex from side to side, concavo-convex from above downwards, present- 
ing in the median line the internasal suture between the nasal bones, and 
laterally the naso-maxillary suture between the nasal bone and the nasal process 
of the superior maxillary bone. Below the nasal bones is seen the opening of 
the anterior nares, which is heart-shaped, with the narrow end upwards, and 
presents laterally the thin, sharp margins serving for the attachment of the 
lateral cartilages of the nose, and in the middle line, a prominent process, 
the anterior nasal spine.* Still lower is the intermaaillary suture, and on each 
side of it the incisive fossa. Beneath this fossa are the alveolar processes of 
the upper and lower jaws, containing the incisor teeth, and at the lower part 
of the median line, the symphysis of the chin, the mental process, with its two 
mental tubercles, separated by a median groove, and the incisive fossa of the 
lower jaw. 

On each side, proceeding from above downwards, is the supra-orbital ridge, 
terminating externally in the external angular process at its junction with the 
malar, and internally in the internal angular process ; towards the inner third of 
this ridge is the supra-orbttal notch or foramen, for the passage of the supra- 
orbital vessels and nerve. Beneath the supra-orbital ridge is the opening of the 
orbit, bounded externally by the orbital ridge of the malar bone; below, by the 
orbital ridge formed by the malar and superior maxillary bones ; internally, by 
the nasal process of the superior maxillary, and the internal angular process of 
the frontal bone. On the outer side of the orbit is the quadrilateral anterior 
surface of the malar bone perforated by one or two small malar foramina. Below 
the inferior margin of the orbit is the infra-orbital foramen, the termination of 
the infra-orbital canal, and beneath this the canine fossa, which gives attachment 
to the Levator anguli oris; still lower are the alveolar processes, containing the 
teeth of the upper and lower jaws. Beneath the alveolar arch of the lower jaw 


* Skulls may be classified according to the shape of the anterior opening of the nose. 
nasal width x 100 _ 4 lind 
Ero e nasal index. Skulls 
are termed: (1) leptorhine, where the nasal index is below 48, asin the mixed Europeans, 
Eskimos, and American Indians; (2) mesorhine, where the index is between 48 and 53, 
as in the Chinese, Burmese, and Malays ; (3) platyrhine, where the index is above 5, 
as in the Negro, Kaffir, and native Australian, i 


This is expressed by the nasal index thus: 
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is the mental foramen for the passage of the mental vessels and nerve, the external 
oblique line, and at the lower border of the bone, at the point of junction of the 
body with the ramus, a shallow groove for the passage of the facial artery. 


THE ORBITS 


The Orbits (fig. 267) are two quadrilateral pyramidal cavities, situated at the 
upper and anterior part of the face, their bases being directed forwards and 
outwards, and their apices backwards and inwards, so that the axes of the two, 
if continued backwards, would meet over the body of the sphenoid bone. Each 
orbit is formed of seven bones, the frontal, sphenoid, ethmoid, superior maxillary, 
malar, lachrymal, and palate; but three of these, the frontal, ethmoid, and 


Fra. 267.—Anterior region of the skull. 
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both orbits, so that the two cavities are 
cavity presents for examination a roof, a 


floor, an inner and an outer wall, four angles, a circumference or base, and an 
apex. The roof is concave, directed downwards and slightly forwards, and 
formed in front by the orbital plate of the frontal; behind by the lesser wing of 
the sphenoid. This surface presents internally the depression for the carti- 
laginous pulley of the Superior oblique muscle ; externally, the depression for 
the lachrymal gland; and posteriorly, the suture connecting the frontal and 
f the sphenoid. s 
e is diron upwards and outwards, and is of less extent than the 


roof: it is formed chiefly by the orbital process of the superior maxillary bone ; 


in front, to a small extent, by the orbital process of the malar, and behind, by 
| R 


sphenoid, enter into the formation of 
formed of eleven bones only. Hach 
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the superior surface of the orbital process of the palate. The floor presents at 
its anterior and internal part, just external to the lachrymal groove, a depression 
for the attachment of the Inferior oblique muscle; externally, the suture between 
the malar and superior maxillary bones; near its middle, the infra-orbital groove ; 
and posteriorly, the suture between the maxillary and palate bones. 

The inner wall is flattened, nearly vertical, and formed from betore backwards 
by the nasal process of the superior maxilla, the lachrymal, os planum of the 
eihmoid, and a small part of the body of the sphenoid. This surface presents 
the lachrymal groove, the crest of the lachrymal bone, and the sutures connecting 
the lachrymal with the superior maxillary, the ethmoid with the lachrymal in 
front, and the ethmoid with the sphenoid behind. 

The outer wall is directed forwards and inwards, and is formed in front by 
the orbital process of the malar bone; behind, by the orbital surface of the 
greater wing of the sphenoid. On it are seen the orifices of one or two malar 
canals, and the suture connecting the sphenoid and malar bones. 

Angles.—The superior external angle is formed by the junction of the upper 
and outer walls; it presents, from before backwards, the suture connecting the 
frontal with the malar in front, and with the great wing of the sphenoid behind ; 
quite posteriorly is the foramen lacerum anterius, or sphenoidal fissure, which 
transmits the third, the fourth, the three branches of the ophthalmic division of 
the fifth, the sixth nerve, some filaments from the cavernous plexus of the sym- 
pathetic, the orbital branch of the middle meningeal artery, a recurrent branch 
from the lachrymal artery to the dura mater, and the ophthalmic vein. The 
superior internal angle is longed by the junction of the upper and inner wall, 
and presents the suture connecting the frontal bone with the lachrymal in front, 
and with the ethmoid behind. The point of junction of the anterior border of 
the lachrymal with the frontal has been named the dacryon. This augle presents 
two foramina, the anterior and posterior ethmoidal, the former transmitting the 
anterior ethmoidal vessels and nasal nerve, the latter the posterior ethmoidal 
vessels. The inferior external angle, formed by the junction of the outer wall and 
floor, presents the spheno-maxillary fissure, which transmits the superior maxillary 
nerve and its orbital branches, the infra-orbital vessels, and the ascending 
branches from the spheno-palatine or Meckel’s ganglion. The inferior internal 
angle is formed by the union of the lachrymal and os planum of the ethmoid, 
with the superior maxillary and palate bones. The circumference, or base, of the 
orbit, quadrilateral in form, 1s bounded above by the supra-orbital ridge ; below, 
by the anterior border of the orbital plate of the malar and superior maxillary 
bones ; externally, by the external angular process of the frontal and the malar 
bones ; internally, by the internal angular process of the frontal, and the nasal 
process of the superior maxillary. The circumference is marked by three 
sutures, the fronto-maxillary internally, the fronto-malar externally, and the 
malo-maxillary below ; it contributes to the formation of the lachrymal groove, 
and presents, above, the supra-orbital notch (or foramen), for the passage of the 
supra-orbital vessels and nerve. The apez, situated at the back of the orbit, 
corresponds to the optic foramen,* a short, circular canal, which transmits the 
optic nerve and ophthalmic artery. It will thus be seen that there are nine 
openings communicating with each orbit-—viz. the optic foramen, sphenoidal 
fissure, spheno-maxillary fissure, supra-orbital foramen, infra-orbital canal, 
antaiias and posterior ethmoidal foramina, malar foramina, and canal for the 
nasal auct. 


Tae Nasar Fossa 


The Nasal Fosse are two large, irregular cavities, situated one on either side 
of the middle line of the face, extending from the base of the cranium to the roof 
of the mouth, and separated from each other by a thin vertical septum. They 
communicate by two large apertures, the anterior nares, with the front of the 
face; and by the two posterior nares with the naso-pharynx behind. These 
fossæ are much narrower above than below, and in the middle than at the 


x Quain, Testut, and others give the apex of the orbit as corresponding with the inner 
end of the sphenoidal fissure. It seems better, however, to adopt the statement in the 
text, since the muscles of the eyeball take origin around the optic foramen, and diverge 
from it to the globe of the eye. 
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anterior or posterior openings: their depth, which is considerable, is much 
greater in the middle than at either extremity. Hach nasal fossa communicates 
with four sinuses, the frontal above, the sphenoidal behind, and the maxillary 
and ethmoidal on the outer wall. Each fossa also communicates with four 
cavities: with the orbit by the lachrymal groove, with the mouth by the anterior 
palatine canal, with the cranium by the olfactory foramina, and with the spheno- 
maxillary fossa by the spheno-palatine foramen; and they occasionally com- 
municate with each other by an aperture in the septum. The bones entering 
into their formation are fourteen in number: three of the cranium, the frontal, 
sphenoid, and ethmoid, and all the bones of the face, excepting the malar and 
lower jaw. Each cavity is bounded by a roof, a floor, an inner and an outer 
wall. 

The upper wall, or roof (fig. 268), is long, narrow, and horizontal in its centre, 
but sloped downwards at its anterior and posterior extremities; it is formed in 


Fic. 268.—Roof, floor, and outer wall of left nasal fossa. 
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front by the nasal bones and nasal spine of the frontal, which are directed down- 
wards and forwards; in the middle, by the cribriform plate of the ethmoid, which 
is horizontal ; and behind, by the under surface of the body of the sphenoid, and 
sphenoidal turbinated bones, the ala of the vomer and the sphenoidal process of 
the palate-bone, which are directed downwards and backwards. This surface 
presents, from before backwards, the internal aspect of the nasal bones; on 
their outer side, the suture formed between the nasal bone and the nasal process 
of the superior maxillary ; on their inner side, the elevated crest which receives 
the nasal spine of the frontal and the perpendicular plate of the ethmoid, and 
articulates with its fellow of the opposite side; while the surface of the bones is 
perforated by a few small vascular apertures, and presents the longitudinal 
groove for the nasal nerve: farther back is the suture, connecting the frontal 
with the nasal in front, and the ethmoid behind, the olfactory foramina and 
nasal slit on the under surface of the cribriform plate, and the suture between it 
and the sphenoid behind: quite posteriorly are seen the sphenoidal turbinated 
bones, the orifices of the sphenoidal sinuses, and the articulation of the alz of 


the vomer with the under surface of the body of the sphenoid. d 
2 
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The floor is flattened from before backwards, concave from side to side, and 
wider in the middle than at either extremity. It is formed in front by the palate 
process of the superior maxillary ; bebind, by the palate process of the palate- 
bone. This surface presents, from before backwards, the anterior nasal spine ; 
behind this, the upper orifices of the anterior palatine canal; internally, the 
elevated crest which articulates with the vomer; and behind, the suture between 
the palate and superior maxillary bones, and the posterior nasal spine. 

The inner wall, or septum (fig. 269), is a thin vertical partition, which separates 
the nasal fossæ from one another ; it is occasionally perforated, so that the fosse 
communicate, and it is frequently deflected considerably to one side.* It is 
formed, in front, by the crest of the nasal bones and nasal spine of the frontal ; 
in the middle, by the perpendicular plate of the ethmoid; behind, by the vomer 
and rostrum of the sphenoid ; below, by the crest of the superior maxillary and 
palate bones. It presents, in front, a large, triangular notch, which receives the 
septal cartilage of the nose ; and behind, the grooved edge of the vomer. Its 


Fie. 269.—Inner wall of nasal fossæ, or septum of nose. 
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surface is marked by numerous vascular and nervous canals and the groove for 
the naso-palatine nerve, and is traversed by sutures connecting the bones of 
which it is formed. 

The outer wall (fig. 268) is formed, in front, by the nasal process of the 
superior maxillary and by the lachrymal bone; in the middle, by the ethmoid and 
inner surface of the superior maxillary and inferior turbinated bones; behind, 
by the vertical plate of the palate-bone, and the internal pterygoid plate of 
the sphenoid. This surface presents three irregular longitudinal passages, or 
meatuses, termed the superior, middle, and inferior meatuses of the nose. The 
superior meatus, the smallest of the three, is situated at the upper part of each 
nasal fossa, occupying the middle third of the outer wall. It lies between the 
superior and middle turbinated bones, and has opening into it two foramina, 
the spheno-palatine at the back of its outer wall, and the posterior ethmoidal cells 
at the front part of the outer wall. The sphenoidal sinus opens into a recess, 
the spheno-ethmoidal recess, which is placed above and behind the superior 
turbinated bone. The middle meatus is situated between the middle and inferior 


* See footnote, page 204. 
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turbinated bones, and extends from the anterior to the posterior end of the 
inferior turbinated bone. It presents in front the orifice of the infundibulum, by 
which the middle meatus communicates with the frontal sinus and the anterior 
ethmoidal cells. The middle ethmoidal cells also open into this meatus, while 
at the centre of the outer wall is the orifice of the antrum of Highmore, which in 
a considerable percentage of skulls is duplicated. The inferior meatus, the largest 
of the three, is the space between the inferior turbinated bone and the floor of 
the nasal fossa. It extends almost the entire length of the outer wall of the 
nose, is broader in front than behind, and presents anteriorly the lower orifice of 
the canal for the nasal duct. 

The anterior nares present a heart-shaped or pyriform opening, whose long 
axis is vertical, and narrow extremity upwards. This opening in the recent state 
is much contracted by the cartilages of the nose. It is bounded above by the 
inferior border of the nasal bone; laterally by the thin, sharp margin which 
separates the facial from the nasal surface of the superior maxillary bone; and 
below by the same border, where it slopes inwards to join its fellow of the opposite 
side at the anterior nasal spine. 

The posterior nares or choane are the two posterior oval openings of the 
nasal fosse, by which they communicate with the upper part of the pharynx. 
They are situated below and in front of the basilar process of the occipital bone, 
and are bounded above by the under surface of the body of the sphenoid and 
alæ of the vomer ; below, by the posterior border of the horizontal plate of the 
palate-bone; externally, by the inner surface of the internal pterygoid plate ; 
internally, they are separated from each other by the posetrior border of the 
vomer. 


Surface Form.—The various bony prominences or landmarks which are to be easily 
felt and recognised in the head and face, and which afford the means of mapping out the 
important structures comprised in this region, are as follows : 


I. Supra-orbital arch. 8. Parietal eminence. 

2. Internal angular process. 9. Temporal ridge. 

3. External angular process. Io. Frontal eminence. 

4. Zygomatic arch. 11. Superciliary ridge. 

5. Mastoid process, 12. Nasal bone. 

6. External occipital protuberance. 13. Lower margin of orbit. 
7. Superior curved line of occipital bone. 14. Lower jaw. 


1. The supra-orbital arch is to be felt throughout its entire extent, covered by 
the eyebrow. It forms the upper boundary of the circumference or base of the orbit 
and separates the face from the forehead. It is strong and arched, and terminates 
internally at the root of the nose, in the internal angular process, which articulates 
with the lachrymal bone. Externally it terminates in the external angular process which 
articulates with the malar bone. This arched ridge is sharper and more defined in its outer 
than in its inner half, and forms an overhanging process which protects and shields the 
lachrymal gland. It also protects the eye in its most exposed situation and in the direction 
from which blows are more likely to descend. At the junction of the inner and middle 
third of the arch, a slight interruption in the outline may sometimes be felt; this is the 
supra-orbital notch. Generally the notch is converted into a foramen, and the interrup- 
tion cannot be felt. A line carried from this notch or foramen downwards over the face, 
between the two bicuspid teeth of the lower jaw, passes over the infra-orbital and the mental 
foramina, and thus constitutes a guide to the point of exit from the bones of the face of 
the three largest cutaneous branches of the fifth cranial nerve. The supra-orbital arch 
varies in prominence in different individuals. It is more marked in the male than in 
the female, and in some races of mankind than others. In the less civilised races, as 
the forehead recedes backwards, the supra-orbital arch becomes more prominent and 
approaches more to the characters of the monkey tribe, in which the supra-orbital arches 
are very largely developed and acquire additional prominence from the oblique direction 
of the frontal bone. 2. The internal angular process is scarcely to be felt. Its position 
is indicated by the angle formed by the supra-orbital arch with the nasal process of the 
superior maxillary bone and the lachrymal bone at the inner side of the orbit. Between 
the internal angular processes of the two sides is a broad surface which assists in forming 
the root of the nose, and immediately above this a broad, smooth, somewhat triangular 
area, the glabella, situated between and connecting the superciliary ridges. 3. The 
external angular process is much more strongly marked than the internal, and is plainly 
to be felt. It is formed by the junction or confluence of the supra-orbital and temporal 
ridges, and, articulating with the malar bone, it serves to a very considerable extent to 
support the bones of the face. In carnivorous animals the external angular process does 
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not articulate with the malar, and therefore this lateral support to the bones of the face 
is not present. 4. The zygomatic arch can be plainly felt throughout its entire length, 
being situated almost immediately under the skin. It is formed by the malar bone and 
the zygomatic process of the temporal bone. At its anterior extremity, it 1s broad and con- 
stitutes the prominence of the cheek ; the posterior part 1s narrower, and terminates just 
in front and a little above the tragus of the external ear: its upper border may be traced 
backwards, as the posterior root, above the tragus and the external auditory meatus to 
join the posterior part of the lower temporal ridge, forming the supramastoid crest. A 
spot in this line, immediately in front of the upper border of the tragus and between it and 
the condyle of the jaw, is known as the pre-aurtcular pout. This is an important land- 
mark, since the temporal vessels and the auriculo-temporal nerve cross it, and two inches 
vertically above it is the lower end of the fissure of Rolando. The lower border is more 
plainly to be felt than the upper, in consequence of the dense temporal fascia being 
attached to the latter, which somewhat obscures its outline. Its shape differs very much 
in individuals and in different races of mankind. In the most degraded type of skull— 
as, for instance, in the skull of the negro of the Guinea Coast—the malar bones project 
forwards and not outwards, and the zygoma at its posterior extremity extends farther out- 
wards before it is twisted on itself to be prolonged forwards. This makes the zygomatic 
arch stand out in bold relief, and affords greater space for the Temporal muscle. In skulls 
which have a more pyramidal shape, as in the Esquimaux or Greenlander, the malar 
bones do not project forwards and downwards under the eyes, as in the preceding form, 
but take a direction outwards, forming with the zygoma a large, rounded sweep or segment 
of a circle. Thus it happens that if two lines are drawn from the zygomatic arches, 
touching the temporal ridges, they meet above the top of the head, instead of being 
parallel, or nearly so, as in the European skull, in which the zygomatic arches are not 
nearly so prominent. This gives to the face a more or less oval type. 5. Behind the ear 
is the mastoid portion of the temporal bone, plainly to be felt, and terminating below in 
a nipple-shaped process. Its anterior border can be traced immediately behind the concha, 
and its apex is about on a level with the lobule of the ear. It is rudimentary in infancy, 
but gradually develops in childhood, and is more marked in the negro than in the 
European. 6. The external occipital protuberance (inion) is always plainly to be felt 
just at the level where the skin of the neck joins that of the head. At this point the 
skull is thick for the purposes of safety, while radiating from it are numerous curved 
arches or buttresses of bone which give to this portion of the skull further security. 
7. Running outwards on either side from the external occipital protuberance is an arched 
ridge of bone, which can be more or less plainly perceived. This is the superior curved 
line of the occipital bone, and gives attachment to some of the muscles which keep the 
head erect on the spine; accordingly, we find it more developed in the negro tribes, in 
whom the jaws are much more massive, and therefore require stronger muscles to 
prevent their extra weight carrying the head forwards. Below this line the surface of 
bone at the back of the head is obscured by the overlying muscles, except in the middle 
line, where the external occipital crest can generally be felt at the bottom of the nuchal 
furrow. Above it, the vault of the cranium is thinly covered with soft structures, so that 
the form of this part of the head is almost exactly that of the upper portion of the 
occipital, the parietal, and the frontal bones themselves; and, in bald persons, even the 
lines of junction of the bones, especially the junction of the occipital and parietal at the 
lambdoid suture, may be defined as a slight depression, caused by the thickening of the 
borders of the bones in this situation. 8. In the line of the greatest transverse diameter 
of the head are generally to be found the parietal eminences, one on each side of the 
middle line; though sometimes these eminences are not situated at the point of the 
greatest transverse diameter, which is at some other prominent part of the parietal region. 
Each denotes the point where ossification of the parietal bone began. They are much 
more prominent and better marked in early life, in consequence of the sharper curve of 
the bone at this period, so that it describes the segment of a smaller circle. Later in life, 
as the bone grows, the curve spreads out and forms the segment of a larger circle, and 
the eminence becomes less distinguishable. In consequence of this sharp curve of the 
bone in early life, the whole of the vault of the skull has a squarer shape than it has in 
later life, and this appearance may persist in some rickety skulls. The eminence is more 
apparent in the negro’s skull than in that of the European. This is due to greater 
flattening of the temporal fossa in the former skull to accommodate the larger Temporal 
muscle which exists in these races. The parietal eminence is particularly exposed to 
injury from blows or falls on the head, but fracture is to a certain extent prevented 
by the shape of the bone, which forms an arch, so that the force of the blow is diffused 
over the bone in every direction. 9. At the side of the head is the temporal ridge. 
Commencing at the external angular process, it may be felt as a curved ridge, passing 
upwards and then curving backwards, on the frontal bone, separating the forehead from 
the temporal fossa. It may then be traced, passing backwards in a curved direction, over 
the parietal bone, and, though less marked, still generally to be recognised. Finally, the 
ridge curves downwards and forwards, and terminates in the posterior root of the zygoma. 
Victor Horsley has shown, in an article on the ‘ Topography of the Cerebral Cortex,’ that 
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the second temporal ridge (see page 186) can be made out on the living body. 10. The 
frontal eminences vary in prominence in different. individuals, and are often not 
symmetrical on the two sides of the body, one being more pronounced than the other. 
This is especially noticeable in the skull of the young child or infant, and becomes 
less marked as age advances. The prominence of the frontal eminences depends more 
upon the general shape of the whole bone than upon the size of the protuberances them- 
selves. As the skull is more highly developed in consequence of increased intellectual 
capacity, so the frontal bone becomes more upright, and the frontal eminences stand out 
in bolder relief. Thus they may be considered as affording, to a certain extent, an 
indication of the development of the hemispheres of the brain beneath, and of the mental 
powers of the individual. They are not so much exposed to injury as the parietal 
eminences. Jn falls forward the upper extremities are involuntarily thrown out, and break 
the force of the fall, and thus shield the frontal bone from injury. 11. Below the frontal 
enunences on the forehead are the swperciliary ridges, which denote the position of the 
frontal sinuses, and vary in different individuals, being, as a rule, small in the female, 
absent im children, and sometimes unusually prominent in the male, when the frontal 
sinuses are largely developed. The degree of prominence of the superciliary ridges is not, 
however, necessarily related to the size of the sinuses, for sometimes large sinuses are 
present in cases where there is but little elevation of the ridges, and in other cases strongly 
marked ridges may exist, with little formation of air-spaces. They commence on 
either side of the glabella, and at first present a rounded form, which gradually fades 
away at their outer ends. 12, The nasal bones form the prominence of the nose. They 
vary much in size and shape, and to them is due the varieties in the contour of this organ 
and much of the character of the face. Thus, in the Mongolian or Ethiopian they are 
flat, broad, and thick at their base, giving to these tribes the flattened nose by which they 
are characterised, and differing very decidedly from the Caucasian, in whom the nose, 
owing to the shape of the nasal bones, is narrow, elevated at the bridge, and elongated 
downwards. At the root of the nose, and a little below the glabella, is the fronto-nasal 
suture (nasion). Beneath it, the nasal bones are thin and connected with the cartilages of 
the nose, and the angle or arch formed by their union serves to throw out the bridge of the 
nose, and is much more marked in some individuals than others. ` 13. The lower margin 
of the orbit, formed by the superior maxillary bone and the malar bone, is plainly to be 
felt throughout its entire length. It is continuous internally with the nasal process of the 
superior maxillary bone, which forms the inner boundary of the orbit. At the point of 
junction of the lower margin of the orbit with the nasal process is to be felt a little 
tubercle, which can be plainly perceived by running the finger along the bone in this 
situation. This tubercle serves as a guide to the position of the lachrymal sac, which is 
situated above and behind it. 14. The outline of the lower jaw is to be felt throughout 
its entire length. Just in front of the tragus of the external ear, and below the zygomatic 
arch, the condyle can be made out. When the mouth is opened, this prominence of bone 
can be perceived advancing out of the glenoid fossa on to the eminentia articularis, and 
receding again when the mouth is closed. From the condyle the posterior border of the 
ramus can be felt extending down to the angle. A line drawn irom the condyle to the 
angle would indicate the exact position of this border. From the angle to the symphysis 
of the chin, the lower, rounded border of the body of the bone is plainly to be felt. At 
the point of junction of the two halves of the bone is a well-marked, triangular eminence, 
the mental process, which forms the prominence of the chin. 

Surgical Anatomy.—An arrest in the ossifying process may give rise to deficiencies or 
gaps ; or to fissures, which are of importance from a medico-legal point of view, as they 
are liable to be mistaken for fractures. The fissures generally extend from the margin 
towards the centre of the bone, but gaps may be found in the middle, as well as at the 
edges. In course of time they may become covered with a thin lamina of bone. 

Occasionally a protrusion of the brain or its membranes may take place through one 
of these gaps in an imperfectly developed skull, or through one of the sutures, owing to 
non-closure. When the protrusion consists of membranes only, and is filled with cerebro- 
spinal fluid, it is called a meningocele; when the protrusion consists of brain as well as 
membranes, it is termed an encephalocele ; and when the protruded brain is a prolongation 
from one of the ventricles, and is distended by a collection of fluid from an accumulation 
in the ventricle, it is termed an hydrencephaloccle. This latter condition is most com- 
monly met with at the root of the nose, where a protrusion of the anterior horn of the 
lateral ventricle takes place through a deficiency of the fronto-nasal suture. These mal- 
formations are usually found in the middle line, and most frequently at the back of the 
head, the protrusion taking place through the fissures which separate the centres of 
ossification from which the tabular portion of the occipital bone is originally developed 
(see page 185). They generally occur through the upper part of the vertical fissure, which 
is the last to ossify, but not uncommonly through the lower part, when the foramen 
magnum may be incomplete. More rarely these protrusions have been met with in 
other situations than those two above mentioned, both through normal fissures, as the 
sagittal, lambdoid, and other sutures, and also through abnormal gaps and deficiencies at 
the sides, and even at the base of the skull. 
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The chief function of the skull is to protect the brain and its appendages from any 
form of violence to which they may be subjected. We find, therefore, that those portions 
of the skull which are most exposed to external violence are thicker than others, which 
are shielded from injury by overlying muscles. Thus, the skull-cap is thick and ad 
whereas the squamous portion of the temporal bone, being protected by the ae 
muscle and the inferior occipital fosse, being shielded by the muscles at the back of the 
neck, are thin and fragile. Fracture of the skull is further prevented by its elasticity, by 
its rounded shape, and its construction of a number of secondary elastic arches, each made 
up of a single bone. The manner in which vibrations are transmitted through the bones 
of the skull is also of importance as regards its protective mechanism, at all events as far 
as the base is concerned. In the vault, the bones being of a fairly equal thickness and 
density, vibrations are transmitted in a uniform manner in all directions. But, owing to 
the varying thickness and density of the bones forming the base, this is not so ; and there- 
fore we find in this situation special buttresses which serve to carry the vibrations in 
certain definite directions. At the front of the skull, on either side is the ridge which 
separates the anterior from the middle fossa of the base ; and behind, the ridge or buttress 
which separates the middle from the posterior fossa; and if any violence 1s applied to the 
vault, the vibrations would be carried along these buttresses to the sella turcica, where 
they meet. This part has been termed the ‘ centre of resistance,’ and here there is m 
special protective mechanism to guard the brain. The subarachnoid space is dilated, and 
an increased quantity of cerebro-spinal fluid acts as a water-cushion to shield the brain 
from injury. In like manner, when violence is applied to the base of the skull, as in 
falls upon the feet, the vibrations are carried backwards through the occipital crest, and 
forwards through the basilar process and body of the sphenoid to the vault of the skull. 

Fractures of the skull are best considered as affecting either the vault or the base. 
Fractures of the vault may, and generally do, involve the whole thickness of the bone ; 
but sometimes one table may be fractured without any corresponding injury to the other. 
Thus, the outer table of the skull may be splintered and driven into the diploé, or in the 
frontal or mastoid regions into the frontal or mastoid cells, without any injury to the 
internal table. And, onthe other hand, the internal table has been fractured, and portions 
of it depressed and driven inwards, without any fracture of the outer table. As a rule, in 
fractures of the skull, the inner table is more splintered and comminuted than the outer, 
and this is due to several causes. It is thinner and more brittle ; the force of the violence 
as it passes inwards becomes broken up, and is more diffused by the time it reaches the 
inner table; the bone being in the form of an arch bends as a whole and spreads out, and 
thus presses the particles together on the convex surface of the arch, i.e. the outer table, 
and forces them asunder on the concave surface or inner table; and, lastly, there is 
nothing firm under the inner table to support it and oppose the force. Fractures of the 
vault may be simple fissures, or starred and comminuted fractures, and these may be 
depressed or elevated. These latter cases of fracture with elevation of the fractured 
portion are uncommon, and can only be produced by direct wound. In comminuted 
fracture, a portion of the skull is broken into several pieces, the lines of fracture radiating 
from a centre where the chief impact of the blow was felt; if depressed, a fissure circum- 
scribes the radiating lines, enclosing a portion of skull, If this area is circular it is 
termed a ‘pond’ fracture, and would in all probability have been caused by a round 
instrument, as a life preserver or hammer; if elliptical in shape it is termed a ‘ gutter’ 
fracture, and would owe its shape to the instrument which had produced it, as a poker. 

Fractures of the base of the skull may be produced by indirect or direct violence, I. In 
the former class of cases the violence is applied to the vertex or some part of the cranial 
convexity, as when a person falls from a height on to his head and a fracture of the base 
results. The mechanism of this form of fracture was formerly explained by the doctrine of 
contre-coup, i.¢. that the force was transmitted from one side of the skull to the other; but 
this idea is now completely exploded, and there are at the present day two theories as the 
mode of causation of these fractures, both probably being responsible for a certain number of 
cases. (a) Aran’s theory of irradiation holds that all fractures of the base are produced 
by a fissure, which starts from the point of injury and radiates to the base. There can 
be little doubt that many cases of fracture of the base, especially of the middle fosse, are 
caused in this way; but it is insufficient to explain all, since instances have been met 
with of fracture of the base of the skull in which there has been no fracture of the vault. 
(b) To explain these cases, another theory, known as the compression or bursting theory, 
has been suggested. If a hollow, elastic sphere is compressed, from above downwards, it 
will bulge laterally, and, if the compression is sufficient, it will eventually burst in the 
situation where it bulges. Now, the skull is an elastic sphere, and when compression is 
applied to it, its diameter will be reduced along the line of greatest pressure and will 
therefore be increased in other directions, and may increase to such an extent that 
bursting may result. In a hollow elastic sphere of uniform thickness, the bulging and 
subsequent bursting take place at the equatorial line midway between the two points of 
compression; but the skull is not of uniform thickness, and therefore the bulging and 
subsequent bursting take place at the weakest part. 

If, Direct violence applied to the base of the skull may cause fracture in several 
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different ways: by the impact of the vertebral column against the condyles of the 
occipital bone, in falis on the buttocks or feet; by the condyle of the lower jaw being 
driven against the glenoid fossa, in blows or falls on the chin; by the thrust of a pointed 
instrument through the orbit or nose; by gunshot wounds through the mouth; and by 
falis or a stab on the back of the head, fracturing the occipital bone. 

In the majority of cases of fracture of the base, the fracture is compound. In the 
anterior fossa, if the fissure extends across the cribriform plate, the nasal mucous 
membrane is usually torn and the fracture rendered compound into the nose ; or the fissure 
may extend into the sphenoidal or ethmoid sinuses and thus open up a communication 
between the fracture and the external air. In the middle fossa, the fracture ofter: opens up 
the tympanic cavity, and if the membrana tympani is torn, the fracture is compound ; or if 
it runs across the pituitary fossa, the mucous membrane of the roof of the naso-pharynx 
is generally torn and the fracture rendered compound. 

The most common place for fracture of the base to occur is through the middle fossa, 
and here the fissure usually takes a fairly definite course. Starting from the point 
struck, which is generally somewhere in the neighbourhood of the parietal eminence, it 
runs downwards through the parietal and squamous portion of the temporal bone and 
across the petrous portion of this bone, frequently traversing and implicating the 
internal auditory meatus, to the middle lacerated foramen. From this it may pass across 
the body of the sphenoid, through the pituitary fossa, to the middle lacerated foramen of 
the other side, and may indeed travel round the whole cranium, so as to completely 
separate the anterior from the posterior part. The course of the fracture should be borne 
in mind, as it explains the symptoms to which fracture in this region may give rise: thus, 
if the fissure pass across the internal auditory meatus, injury to the facial and auditory 
nerves may result, with consequent facial paralysis and deafness; or the tubular pro- 
longation of the arachnoid around these nerves in the meatus may be torn and thus 
permit of the escape of the cerebro-spinal fluid should there be a communication between 
the internal ear and the tympanum together with rupture of the membrana tympani, as is 
frequently the case: again, if the fissure passes across the pituitary fossa and the muco- 
periosteum covering the under surface of the body of the sphenoid is torn, blood will find 
its way into the pharynx and be swallowed, and after a time vomiting of blood will result. 
Fractures of the anterior fossa, involving the bones forming the roof of the orbit and nasal 
fossa, are generally the result of blows on the forehead; but fracture of the cribriform 
plate of the ethmoid may be a complication of fracture of the nasal bone. When the 
fracture implicates the roof of the orbit, the blood finds its way into this cavity, and, 
travelling forwards, appears as a subconjunctival ecchymosis. If the roof of the nasal fossa 
be fractured, the blood escapes from the nose. In rare cases there may be also escape of 
verebro-spinal fluid from the nose, where the dura mater and arachnoid have been torn. 
In fractures of the posterior fossa, extravasation of blood may appear at the nape of the 
neck. 

Diseases of the Skull.—Owing to the fact that the pericranium does not play an 
important part in the nutrition and regeneration of the skull, as does the periosteum in 
the long bones, it is advisable to discuss inflammatory diseases of the skull, as affecting 
the bones and the membrane covering them together, under the term osteomyelitis. 
This is generally caused by septic infection of a scalp wound, exposing and bruising the 
bone, or in compound fractures, and is termed septic osteomyelitis. Occasionally it may 
occur independently of injury, and then follows the same course, and is due to the same 
causes, as acute infective osteomyelitis in the long bones. 

The most common chronic diseases of the skull are due to syphilis and tubercle. In 
acquired syphilis the disease usually occurs as nodes, which arise most commonly in 
the pericranium, but may also arise in the diploé, or more rarely on the inner surface 
of the skull. The formation of gummata under the periosteum generally leads to cartes, 
which may be either limited if the gumma is localised, or widespread if the gumma 
is diffuse. The caries is often complicated by necrosis, for a condition of sclerosis is 
frequently set up in the surrounding bone, and the vessels in the Haversian canals become 
compressed and the vitality of the bone interfered with; hence we often find a central 
necrosing area surrounded by a zone of caries. A common result of syphilitic disease 
of the skull is the production of large, hard masses of bone on its surface, which gives 
it a tuberculated appearance; in other cases, the skull presents a curious worm-eaten 
appearance: this is due to the fact that. the osteogenetic powers of the periosteum are 
small and the formation of bone on the surface slight. In hereditary syphilis, in 
addition to the formation of gummata, which are usually of the subperiosteal variety, 
atrophic or hypertrophic changes may take place. In the atrophic cases, the bone 
becomes abnormally thin, or even perforated, generally where there is pressure, as from the 
pillow or nurse’s arm. Hence they are usually met with in the parietal bones or vertical 
plate of the occiput. In the hypertrophic cases, a deposit of porous bone takes place 
around the anterior fontanelle in the parietal and frontal bones; these deposits are 
separated by the coronal and sagittal sutures, and give to the skull an appearance like a 
‘hot cross bun.’ They are known as Parrot’s nodes, and such a skull has received the 
name of natiform, from its fancied resemblance to the buttocks. 
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Tuberculous disease sometimes occurs in the bones of the skull, and is plainly 
differentiated from syphilitic disease by the fact that it always commences in the bone 
itself and only affects the pericranium and dura mater secondarily ; and by the fact that 
itis never accompanied by the formation of bosses or osteophytes, as in syphilis. It may 
involve the whole thickness of the bone and cause perforation, or it may destroy only the 
external table and part of the diploé and produce a non-perforating ulcer of the bone. 
Or, in a third variety, the tuberculous granulation tissue may perforate the interna] table 
of the skull and spread between the bone and dura mater. 

The most common tumours of the skull are the osteomata and the sarcomata; but 
in addition a few cases of hydatid cyst, originating in the diploé, have been recorded. 
The osteoma is generally the ivory exostosis, though cases of spongy exostosis do occur. 
Sarcomata of the skull may arise either from the pericranium or the diploé, but it is 
usually impossible to distinguish clinically between the two. Carcinoma, if it occurs in 
the skull, is always secondary to cancer in some other part of the body. y 

Hypertrophic changes occur in the skull in ostitis deformans, acromegaly, leontiasis 
ossea, and in rickets. In these latter cases the skull becomes enlarged from the formation 
of a soft, spongy bone, and its shape peculiar: the forehead is high, square and pro- 
jecting, and the antero-posterior diameter is long, in relation to its transverse diameter. 
The bones of the face are small and ill-developed, and this gives the appearance of a larger 
head than actually exists. The bones may become the seat of cranio-tabes, and the anterior 
fomgnen is long in closing, sometimes not being obliterated till the fifth or sixth year 
of life. 

The mastoid antrum, situated in the mastoid portion of the temporal bone, is some- 
times the seat of suppuration from a direct extension backwards from the tympanic cavity. 
In such cases, the surgeon has to open the antrum in order to give exit to the pus. This 
he does by introducing his gouge in the suprameatal triangle (see page 192). A line is 
drawn horizontally through the upper border of the bony external auditory meatus, and 
a second vertically through the posterior wall of the meatus, and the gouge is applied in 
the angle where these two lines intersect each other. If the instrument is introduced 
at a higher level, it will open the cavity of the skull. It is to be carried in the direction 
of the external auditory canal—inwards, forwards, and a little upwards—for the distance 
of from 1 to 14 cm., when the antrum will be reached. In some cases of middle-ear 
trouble, septic thrombosis of the lateral sinus takes place, and it becomes necessary to 
trephine and explore the sinus. This is done by applying the trephine at a point an inch 
behind the centre of the external auditory meatus, and a quarter of an inch above Reid’s 
base-line: that is to say, a line drawn backwards from the lower margin of the orbit 
through the centre of the external auditory meatus. In cases of abscess of the brain 
from middle-ear disease, when the abscess is presumably either in the temporo-sphenoidal 
lobe or the cerebellum, the operation devised by Dean should be performed, The pin of 
an average-sized trephine is to be introduced an inch and a quarter behind and a quarter of 
an inch above the centre of the external auditory meatus, and a crown of bone removed. 
This will expose a part of the lateral sinus, and the dura mater just above it. By slightly 
enlarging the opening in an upward direction with gouge forceps, the temporo-sphenoidal 
lobe of the cerebrum can be explored. Should no pus be found here, the opening must be 
enlarged in a similar manner downwards and backwards. This will expose the whole of 
the lateral sinus and the dura mater below it and by incising the membrane in this 
situation, the cerebellum can be explored. 

In connection with the bones of the face a common malformation is cleft palate. The 
cleft usually starts posteriorly, and in its most elementary form may consist simply of a 
bifid uvula; or the cleft may extend through the soft palate ; or the posterior part or the 
whole of the hard palate may be involved, the cleft extending as far forwards as the 
anterior palatine canal, In the severest forms, the cleft extends through the alveolus and 
may pass either between the two maxillary bones, or laterally between the pre-maxillary 
bone and the rest of the upper jaw; that is to say, between the lateral incisor and canine 
teeth. In some instances, the cleft has been noticed to pass outwards between the central 
and lateral incisor teeth; and this has induced some anatomists to believe that the pre- 
maxillary bone is developed from two centres, and not from one, as was stated in the 
description of the bone. Thus, Albrecht believes that, instead of there being two pre- 
maxillary bones, each supporting two incisor teeth, there are four bones, two on either 
side of the median line, and each one carrying one tooth. The mesial segment, bearing 
a central incisor, is called an endo-gnathion; the lateral segment, bearing the lateral 
incisor, is called a meso-gnathion ; and the rest of the maxilla is termed the exo-gnathion. 
When a cleft palate is lateral, it may affect one or both sides. If the latter, the central 
part is frequently displaced forwards and may be united to the septum of the nose, the 
deficiency in the alveolus being complicated with a cleft in the lip (hare-lip). On examin- 
ing a cleft palate in which the alveolus is not implicated, the cleft will generally appear 
to be in the mesial line, but occasionally is unilateral and in some cases bilateral. 
To understand this it must be borne in mind that three processes are concerned in the 
formation of the palate—the two palatal processes of the superior maxilla, which grow in 
horizontally and unite in the middle line; and the-ethmo-vomerine process, which grows 
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downwards from the base of the skull and fronto-nasal process to unite with the palatal 
process in the mesial line. In those cases where the palatal processes fail to unite with 
each other and with the mesial process, the cleft of the palate is median: where 
one palatal process unites with the mesial septum, the other failing to do so, the appear- 
ance of the cleft in the palate is unilateral. The right process is the one which usually 
joins, and the cleft is therefore on the left side. In some cases where the palatal 
processes fail to meet in the middle, the ethmo-vomerine process grows downwards into 
the cleft and thus gives the appearance of a bilateral cleft. Occasionally there may 
be a hole in the middle line of the hard palate, the anterior part of the hard and the soft 
palate being perfect. But this is rare, because, as a rule, the union of the various 
processes progresses from before backwards; and therefore the posterior part of the palate 
is more frequently involved than the anterior. 

The bones of the face are sometimes fractured as the result of direct violence. The two 
most commonly broken are the nasal bone and the inferior maxilla, and of these, the latter 
is by far the most frequently fractured of all the bones of the face. Fracture of the nasal 
bone is for the most part transverse, and takes place about half an inch from the free 
margin. The broken portion may be displaced backwards or more generally to one side by 
the force which produced the lesion, as there are no muscles here which can cause dis- 
placement. The malar bone is probably never broken alone—that is to say, unconnected 
with a fracture of the other bones of the face. The zygomatic arch is occasionally 
fractured, and when this occurs from direct violence, as is usually the case, the fragments 
may be displaced inwards. Fractures of the supertor maxilla may vary much in degree, 
from the chipping off of a portion of the alveolar arch, to an extensive comminution of 
the whole bone from severe violence, as the kick of a horse. The most common situation 
for a fracture of the inferior maxillary bone is in the neighbourhood of the canine tooth, 
as at this spot the jaw is weakened by the deep socket for the fang of this tooth ; it 
is next most frequently fractured at the angle; then at the symphysis, and finally the 
neck of the condyle or the coronoid process may be broken. Occasionally a double 
fracture may occur, one in either half of the bone. The fractures are usually compound, 
from laceration of the mucous membrane covering the gums. The displacement is 
mainly the result of the same violence as produced the injury, but may be further 
increased by the action of the muscles passing from the neighbourhood of the symphysis 
to the hyoid bone. 

The superior and inferior maxillary bones are both of them frequently the seat of 
necrosis; though the disease more often affects the lower than the upper jaw, probably 
on account of the greater supply of blood to the latter. It may be the result of 
periostitis, from tooth irritation, injury, or the action of some specific poison, as syphilis, 
or from salivation by mercury; it sometimes occurs in children after attacks of the 
exanthematous fevers, and a special form occurs from the action of the fumes of phos- 
phorus in persons engaged in the manufacture of matches. 

Tumours attack the jaw-bones not infrequently, and these may be cither innocent or 
malignant: in the upper jaw cysts may occur in the antrum, constituting the so-called 
dropsy of the antrum ; or, again, cysts may form in either jaw in connection with the 
teeth: either cysts connected with the roots of fully developed teeth, the ‘dental cyst ;’ 
or cysts connected with imperfectly developed teeth, the ‘ dentigerous cyst.’ Solid inno- 
cent tumours include the fibroma, the chondroma, and the osteoma. Of malignant 
tumours there are two classes, the sarcoma and the cpithelioma. The sarcomata are of 
various kinds, the spindle-celled and round-celled of a very malignant character, and the 
myeloid sarcoma principally affecting the alveolar margin of the bone. Of the epithelio- 
mata we find the squamous variety spreading to the bone from the palate or gum, and 
the cylindrical epithelioma originating in the antrum or nasal fosse. 

Both superior and inferior maxillary bones occasionally require removal for tumours 
and for some other conditions. In order to remove the upper jaw the patient should be 
placed in the recumbent position, in a good light, with the head and shoulders just raised. 
The central incisor tooth, on the affected side, is then extracted. An incision is made, 
commencing just below the inner canthus of the eye, along the side of the nose, round 
the ala, and down the middle line of the upper lip into the mouth. A second incision 
is made from the commencement of the first, along the lower border of the orbit as far 
as the prominence of the malar bone. The flap thus formed is reflected outwards, so as 
to expose the bone. All bleeding is now arrested, before proceeding with the operation. 
The periosteum attached along the lower margin of the orbit is now to be incised, and with 
t he handle of the scalpel the periosteum covering the floor of the orbit is to be.raised from 
the bone; for in all cases it is essential that this fibrous layer should be left intact. The 
mouth is now widely opened with a gag, and the mucous membrane covering the hard 
palate incised down to the bone in the middle line, and the soft palate separated from the 
hard. The surgeon now proceeds to divide the connections of the bone with the other 
bones of the face, having first separated the ala of the nose from its bony attachment. 
This is done partly with a narrow saw and partly with cutting bone forceps. They are 
(1) the junction with the malar bone, the line of section being carried into the spheno- 
maxillary fissure: (2) the nasal process of the superior maxillary bone; a smell portion of 
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its upper extremity, connected with the nasal bone in front, the lachrymal bone behind, 
and the frontal bone above, being left: (3) the connection with the bone on the opposite 
side and with the palate bone in the roof of the mouth. The bone is now firmly grasped 
with lion-forceps; and by means of a rocking movement upwards and downwards, the 
remaining attachments of the orbital plate with the ethmoid, and of back of the bone with 
the palate, broken through. Occasionally, in removing the upper jaw, it will be found 
that the orbital plate can be saved, and this should always be done if possible. A 
horizontal saw-cut is to be made just below the infra-orbital foramen, and the bone ¢eut 
through in this situation. | 

Removal of one half of the lower jaw is sometimes required. The patient should be 
placed in a recumbent position, in a good light, with the head and” shoulders well raised. 
The central incisor tooth on the affected side is first extracted. An incision is then made 
in the middle line, through the lower lip and over the chin, to just below the symphysis of 
the jaw. From the termination of this the incision is carried outwards, along the lower 
margin of the bone to its angle. This will necessarily divide the facial artery and vein, 
which must be at once secured. The incision is now to be carried upwards along the 
posterior border of the ramus of the bone, to a point a little below the lobule of the ear. 
The flap thus formed is now raised by dividing the reflection of the mucous membrane 
from the lip on to it and the muscles attached to its external surface, including the 
Masseter. The jaw is then divided by sawing the bone through the socket of the 
extracted tooth. “By dividing the bone in this situation, and not through the symphysis, 
the attachment of the Genio-hyo-glossus to the genial tubercle is preserved, and all 
danger of the tongue falling backwards and occluding the larynx is prevented. The bone 
being divided and pulled outwards, the knife is inserted along the inner side of the bone, and 
the muscles attached to this surface separated from it; in doing this, care must be taken 
to keep close to the bone, to avoid injuring the submaxillary gland. The anterior part of 
the bone being thus freed, the surgeén seizes it in his left hand, and by strongly everting 
it, allows space to divide the Internal pterygoid muscle and the inferior dental vessels and 
nerve. He now depresses it, so as to bring into view the coronoid process, from which he 
separates the Temporal muscle. When the tendon of this muscle has been completely 
divided, the bone can be still further depressed; and this should be done without any 
eversion, for fear of danger to the internal maxillary artery, which would be brought up 
into the wound by everting the bone. When the bone is sufficiently depressed, the condyle 
of the jaw will come into view. The capsular ligament is opened in front with the point 
of the knife, and the ligamentous tissues on the other side of the joint carefully divided. 
It is wiser now to abandon the use of the knife, and tear through the External pterygoid 
muscle and other structures by twisting out the bone. If the knife is used it should be 
kept closely in contact with the bone, for the danger of wounding the internal maxillary 
artery in this stage of the operation is very considerable. 

The antrum of Highmore occasionally requires tapping for suppuration., This may be 
done through the socket of a tooth, preferably the first molar, the fangs of which are most 
intimately connected with the antrum, or through the facial aspect of the bone above the 
alveolar process. This latter method does not perhaps afford such efficient drainage, but 
there is less chance of food finding its way into the cavity. The operation may be per- 
formed by incising the mucous membrane above the second molar tooth, and driving a 
trocar or any sharp-pointed instrument into the cavity. 


THE THORAX 


The skeleton of the Thorax, or Chest, is an osseo-cartilaginous cage, con- 
taining and protecting the principal organs of respiration and circulation. It is 
conical in shape, being narrow above and broad below, flattened from before 
backwards, and longer behind than in front. It is somewhat reniform on 
transverse section. 

Boundaries.—The posterior surface is formed hy the twelve dorsal or thoracic 
vertebrae and the posterior part of the ribs. It is concave from above downwards, 
and presents on each side of the middle line a deep groove, in consequence of 
the direction backwards and outwards which the ribs take from their vertebral 
extremities to their angles. The anterior surface is flattened or slightly convex, 
and inclined forwards from above downwards. It is formed by the sternum and 
costal cartilages. The lateral surfaces are convex; they are formed by the ribs, 
separated from each other by spaces, the intercostal spaces. These spaces are 
eleven in number, and are occupied by the intercostal muscles and membranes. 

The upper opening of the thorax is reniform in shape, being broader from side 
to side than from before backwards. It is formed by the first dorsal vertebra 
behind, the upper margin of the sternum in front, and the first rib on each side. 
It slopes downwards and forwards, so that the anterior part of the ring is on a 
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lower level than the posterior. The antero-posterior diameter is about two inches 
and the transverse about four. The lower opening is formed by the twelfth dorsal 
vertebra behind, by the eleventh and twelfth ribs at the sides, and in front by the 
cartilages of the tenth, ninth, eighth, and seventh ribs, which ascend on either 
side and form an angle, the subcostal angle, from the apex of which the ensiform 
cartilage projects. It is wider transversely than from before backwards. It 


Fie. 270.—Anterior surface of sternum and costal cartilages. 
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slopes obliquely downwards and backwards; so that the cavity of the thorax is 

much deeper behind than in front. The Diaphragm closes in the opening, 
ing the floor of the thorax. | ) 

Sadia female, the thorax differs from that of the male as follows : 1. Its 

general capacity is less. 2. The sternum is shorter. 3. The upper margin of the 

sternum is on a level with the lower part of the body of the third dorsal vertebra, 
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whereas in the male it is on a level with the lower part of the body of the second 
dorsal vertebra. 4. The upper ribs are more movable, and so allow a greater 
enlargement of the upper part of the thorax than in the male. 


THE STERNUM 


The Sternum (orépvov, the chest) (figs. 270, 271) is a flat, narrow bone, situated 
in the median line of the front of the chest, and consisting, in the adult, of three 
portions. It has been likened to an ancient sword : the upper piece, representing 
the handle, is termed the manubrium; the middle and largest piece, which 
represents the chief part of the blade, is termed the gladiolus ; and the inferior 
piece, which is likened to the point of the sword, is termed the ensiform process or 
ciphoid appendix. In its natural position tts inclination is oblique from above, 
downwards and forwards. It is slightly convex in front and concave behind, 
broad above, becoming narrowed at the point where the first and second pieces 

are connected ; after which it again widens a niao, 
a ; and is pointed at its extremity. its average lengt 
al ae a i in the -i is about seven inches, being rather 
longer in the male than in the female. 
i The Manubrium (presternum) is of a some- 
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costal = yarrow below at its junction with the middle 
piece. Its anterior surface, convex from side to 
side, concave from above downwards, is smooth, 
and affords attachment on each side to the Pecto- 
ralis major and sternal origin of the Sterno-cleido- 
mastoid muscles. In well-marked bones the ridges 
" MARI limiting the attachment of these muscles are very 
y 7 distinct. Its posterior surface, concave and smooth, 
affords attachment on each side to the Sterno-hyoid 
and Sterno-thyroid muscles. The superior border, 
the thickest, presents at its centre the presiernal 
notch; and on each side an oval articular surface, 
directed upwards, backwards, and outwards, for 
articulation with the sternal end of the clavicle. 
The inferior border presents an oval, rough surface, 
covered in the recent state with a thin layer of 
cartilage, for articulation with the second portion 
of the bone. The lateral borders are marked above 
by a depression for the first costal cartilage, and 
below by a small facet, which, with a similar facet 
on the upper angle of the middle portion of the 
bone, forms a notch for the reception of the costal 
cartilage of the second rib. These articular sur- 
faces are separated by a narrow, curved edge, which 
slopes from above downwards and inwards. 

The Gladiolus (mesosternwm), considerably 
longer, narrower, and thinner than the first piece, 
is broader below than above. Its anterior surface is nearly flat, directed 
upwards and forwards, and marked by three transverse ridges which cross 
the bone opposite the third, fourth, and fifth articular depressions.* At the 
junction of the third and fourth pan is occasionally seen an orifice, the 
sternal foramen, of varying size and form. This surface affords attachment on 
each side to the sternal origin of the Pectoralis major. The posterior surface, 
slightly concave, is also marked by three transverse lines; but they are less 
distinct than those in front: this surface affords attachment below, on each 
side, to the Triangularis sterni muscle, and occasionally presents the posterior 
opening of the sternal foramen. The superior border has an oval surface 


* Patterson (The Human Sternum, 1904), who examined 524 specimens, points out 
that these ridges are altogether absent in 26°7 per cent.; that in 69 per cent. a ridge 
exists opposite the third costal attachment; in 39 per cent., opposite the fourth; and in 
4 per cent. only, opposite the fifth. 
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for articulation with the manubrium. The inferior border is narrow, and 
articulates with the ensiform appendix. Each lateral border, at its superior 
angle, has a small facet, which, with a similar facet on the manubrium, 
forms a cavity for the cartilage of the second rib; below this are four angular 
depressions which receive the cartilages of the third, fourth, fifth, and sixth ribs, 
while the inferior angle has a small facet, which, with a corresponding one 
on the ensiform appendix, forms a notch for the cartilage of the seventh rib. 
These articular depressions are separated by a series of curved interarticular 
intervals, which diminish in length from above downwards, and correspond to 
the intercostal spaces. Most of the cartilages belonging to the true ribs, as will 
be seen from the foregoing description, articulate with the sternum at the lines 
of junction of its primitive component segments. This is well seen in many 
of the lower animals, where the separate parts of the bone remain ununited 
longer than in man. In this respect a striking analogy exists between the 
mode of connection of the ribs with the vertebral column, and the connection 
of the costal cartilages with the sternum. 

The Ensiform Process or Xiphoid Appendix (metasternum) is the smallest 
of the three pieces: it is thin and elongated in form, cartilaginous in structure 
in youth, but more or less ossified at its upper part in the adult. Its anterior 
surface affords attachment to the chondro-xiphoid ligament and a small part 
of the Rectus abdominis ; its posterior surface, to some of the fibres of the Dia- 
phragm and Triangularis sterni muscles; its lateral borders, to the aponeurosis 
of the abdominal muscles. Above, it articulates with the lower end of the 
gladiolus, and at each superior angle presents a facet for the lower half of the 
cartilage of the seventh rib; below, by its pointed extremity, it gives attachment 
to the linea alba. This portion of the sternum varies much in appearance, 
being sometimes pointed, broad and thin, sometimes bifid, or perforated by 
a round hole, occasionally curved, or deflected considerably to one or the 
other side. 

Structure——The bone is composed of delicate, highly vascular cancellous 
tissue, covered by a thin layer of compact bone, which is thickest in the 
manubrium, between the articular facets for the clavicles. 

Development.—The cartilaginous sternum originally consists of two bars, 
situated one on either side of the mesial plane and connected with the cartilages 
of the nine upper ribs of its own side. These two bars fuse with each other 
along the middle line, and the bone, including the ensiform appendix, is 
developed by siz centres: one for the first piece or manubrium, four for the 
second piece or gladiolus, and one for the ensiform appendix (fig. 272). Up 
to the middle of foetal life the sternum is entirely cartilaginous, and when 
ossification takes place the ossific granules are deposited in the middle of the 
intervals between the articular depressions for the costal cartilages, in the 
following order: in the manubrium and first piece of the gladiolus, during the 
sixth month ; in the second and third pieces of the gladiolus, during the seventh 
month ; in its fourth piece, within the first year, or between the first and second 
years after birth; and in the ensiform appendix, between the fifth and 
eighteenth years, by a single centre which makes its appearance at the upper 
part, and proceeds gradually downwards. To these may be added the occasional 
existence, as described by Breschet, of two small episternal centres, which 
make their appearance one on each side of the presternal notch. They are 
probably vestiges of the episternal bone‘of the monotremata and lizards.* It 
occasionally happens that some of the segments are formed from more than 
one centre, the number and position of which gai 274). Thus, the first 
piece may have two, three, or even six centres. hen two are present, they 
are generally situated one above the other, the be one being the larger a 
the second piece has seldom more than one; the t rd, fourth, and fifth pieces 
are often formed from two centres placed laterally, the irregular union of which 
will serve to explain the rare occurrence of the sternal foramen (fig. 275), 
or of the vertical fissure which occasionally intersects this part of the bone, 


* Out of 141 sterna between the ages of birth and sixteen years, Patterson (op. cit.) 
found the fourth or lowest centre for the gladiolus present only in 38 cases, i.e. 26°9 per 
sent. j 
a Sir George Humphry states that this is ‘ probably the more complete condition.’ 
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Fic. 272.—Development of the sternum, by six centres. 
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and which is further explained by the manner in which the cartilaginous matrix, 
in which ossification takes place, is formed. Union of the various centres 


Fig. 276.—A central rib of left side. 
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of the gladiolus commences about puberty, from below, 
and proceeds upwards, so that by the age of twenty-five 
they are all united, and this portion: of bone consists of 
one piece (fig. 273). The ensiform cartilage may become 
joined to the gladiolus before thirty, but this occurs more 
frequently after forty; on the other hand, it sometimes 
remains ununited in old age. The manubrium is occa- 
sionally joined to the gladiolus in advanced life by bone. 
When this union takes place, however, it is generally only 
superficial, the central portion of the sutural cartilage 
remaining unossified. 

Articulations With the clavicles and seven costal 
cartilages on each side. 

Attachment of Muscles.—To nine pairs and one single 
muscle: the Pectoralis major, Sterno-cleido- mastoid, 
Sterno-hyoid, Sterno-thyroid, Triangularis sterni, the apo- 
neuroses of the Obliquus externus, Obliquus internus, 
Transversalis, and Rectus muscles, and Diaphragm. 


THE RIBS 


The Ribs are elastic arches of bone, which form the 
chief part of the thoracic walls. They are twelve in 
number on each'side ; but this number may be increased 
by the development of a cervical or lumbar rib, or may 
be diminished to eleven. The first seven are connected 
behind with the spine, and in front with the sternum, 
through the intervention of the costal cartilages; they 
are called true ribs (vertebro-sternal).* The remaining 
five are false ribs; of these, the first three have their 
cartilages attached to the cartilage of the rib above 
(vertebro-chondral) : the last two are free at their anterior 
extremities and are termed floating (vertebral) ribs. The 
ribs vary in their direction, the upper ones being less 
oblique than the lower. The extent of obliquity reaches 
its maximum at the ninth rib, and gradually decreases 
from that rib to the twelfth. The ribs are situated one 
below the other in such a manner that spaces are left 
between them, which are called intercostal spaces. The 
length of these spaces corresponds to the length of the 
ribs and their cartilages; their breadth is greater in front 
than behind, and between the upper than between the 
lower ribs. The ribs increase in length from the first to 
the seventh, below which they diminish to the twelfth. 


* Sometimes the eighth rib cartilage articulates with the sternum ; this condition 


S 


occurs more frequently on the right than on the left side. 
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In breadth they decrease from, above downwards ; in the upper ten the greatest 
breadth is at the sternal extremity. | 

Common Characters of the Ribs (fig. 276).—A rib from the middle of the series 
should be taken in order to study the common characters of these bones. 

Each rib presents two extremities, a posterior or vertebral, an anterior or 
sternal, and an intervening portion—the body or shaft. 

The posterior or vertebral extremity presents for examination a head, neck, 
and. tuberosity. The head (fig. 277) is marked by a kidney-shaped articular 
surface, divided by a horizontal ridge into two facets for articulation with the 
depression formed by the junction of the bodies of two contiguous dorsal 
vertebree ; the upper facet is small, the inferior one .of larger size; the ridge 
separating them serves for the attachment of the interarticular ligament. The 
neck is the flattened portion of the rib which extends outwards from the head ; 
it is about an inch long, and is placed in front of the transverse process of the 
lower of the. two vertebree with which the head articulates. Its anterior surface 
is flat and smooth, its posterior rough, for the attachment of the middle costo- 
transverse ligament, and perforated by numerous foramina, the direction of 
which is less constant than those found on the inner surface of the shaft. Of its 
two borders the swperior presents a rough crest for the attachment of the anterior 
costo-transverse ligament; its inferior border is rounded. On the posterior 
surface of the neck, just where it joins the shaft, and nearer the lower than the 
upper border, is an eminence—the tubercle; it consists of an articular and a 
non-articular portion. The articular portion, the more internal and inferior of 


Fic. 277.—Vertebral extremity of a rib. External surface. 
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the two, presents a small, oval surface for articulation with the extremity of the 
transverse process of the lower of the two vertebrae to which the head is connected. 
The non-articular portion is a rough elevation, which affords attachment to the 
posterior costo-transverse ligament. The tubercle is much more prominent in 
the upper than in the lower ribs. 

The shaft is thin and flat, so as to present two surfaces, an external and an 
internal; and two borders, a superior and an inferior. The external surface is 
convex, smooth, and marked, at its back part, a little in front of the tuberosity, by 
a prominent line, directed obliquely from above downwards and outwards ; this 
gives attachment to a tendon of the [hio-costalis muscle, or of one of its accessory 
portions, and is called the angle. At this point the rib is bent in two directions. 
Uf the rib is laid upon its lower border, it will be seen that the portion of the shaft 
in front of the angle rests upon this border, while the portion of the shaft behind 
the angle is bent inwards and at the same time tilted upwards. The interval 
between the angle and the tuberosity increases gradually from the second to the 
tenth rib. The portion of bone between these two parts is rounded, rough, and 
irregular, and serves for the attachment of the Longissimus dorsi muscle. “The 
portion of bone between the tubercle and sternal extremity is also slightly twisted 
upon its own axis, the external surface looking downwards behind the angle and a 
little upwards in front of it. This surface presents, towards its sternal extremity 
an oblique line, the anterior angle. The internal surface is concave smooth, 
directed a little upwards behind the angle, a little downwards in front of it, and 
is marked by a ridge which commences at the lower extremity of the head ` this 
ridge is strongly marked as far as the inner side of the angle, and gradually 
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becomes lost at the junction of the anterior with the middle third of the bone. 
The interval between it and the inferior border presents a groove, subcostal, for 
the intercostal vessels and nerve. At the back part of the bone, this groove 
belongs to the inferior border, but just in front of the angle, where it is deepest 
and broadest, it corresponds to the internal surface. The superior edge of the 
groove is rounded ; it serves for the attachment of the Internal intercostal muscle. 
The inferior edge corresponds to the lower margin of the rib, and gives attach- 
ment to the External intercostal muscle. Within the groove are seen the orifices 
of numerous small foramina, which traverse the wall of the shaft obliquely from 
before backwards. The superior border, thick and rounded, is marked by an 
external and an internal lip, more distinct behind than in front, which serve for 
the attachment of the External and Internal intercostal muscles. The inferior 
border, thin and sharp, has attached to it the External intercostal muscle. The 
anterior or sternal extremity is flattened, and presents a porous, oval, concave 
depression, into which the costal cartilage is received. 


PECULIAR RIBS 


The ribs which require especial consideration are five in number—viz. the 
first, second, tenth, eleventh, and twelfth. 

The first rib (fig. 278) is one of the shortest and the most curved of all the 
ribs ; it is broad and flat, its surfaces looking upwards and downwards, and its 
borders inwards and outwards. The head is of small size, rounded, and presents 
only a single articular facet for articulation with the body of the first dorsal 
vertebra. The neck is narrow and rounded. The tuberosity, thick and prominent, 
rests on the outer border. There is no angle, but in this situation the rib is 
slightly bent, with the convexity of the bend upwards, so that the head of the 
bone is directed downwards. The upper surface of the shaft is marked by two 
shallow depressions, separated from each other at the inner border of the rib by 
a small rough surface, the scalene tubercle, for the attachment of the Scalenus 
anticus muscle—the groove in front of it transmitting the subclavian vein, that 
behind it the subclavian artery. Between the groove for the subclavian artery 
and the tuberosity is a second rough surface for the attachment of the Scalenus 
medius muscle. The under surface is smooth, and destitute of a subcostal groove. 
The outer border is convex, thick, and rounded, and at its posterior part gives 
attachment to the first serration of the Serratus magnus; the inner is concave, 
thin, and sharp, and marked about its centre by the scalene tuberele. The 
anterior extremity is larger and thicker than any of the other ribs. 

The second rib (fig. 279) is much longer than the first, but bears a very con- 
siderable resemblance to it in the direction of its curvature. The non-articular 
portion of the tuberosity is occasionally only teanly marked. The angie is slight, 
and situated close to the tuberosity, and the shaft is not twisted, so that both 
ends touch any plane surface upon which it may be laid; but there is a similar 
though smaller bend, with its convexity upwards, to that found in the first rib. 
The shaft is not horizontal, like that of the first rib; its outer surface, which is 
convex, looking upwards and a little outwards. It presents, near the middle, a 
rough eminence for the attachment of the lower part of the first and the whole 
of the second digitation of the Serratus magnus; behind and above which is 
attached the Scalenus posticus. The inner surface, smooth and concave, is 
directed downwards and a little inwards: it presents a short subcostal groove 
towards its posterior part. 

The tenth rib (fig. 280) has only a single articular facet on its head. 

The eleventh and twelfth ribs (figs. 281 and 282) have each a single articular 
facet on the head, which is of rather large size; they have no neck or tuberosity, 
and are pointed at the extremity. The eleventh has a slight angle and a shallow 
subcostal groove. The twelfth has neither, and is much shorter than the eleventh, 
and the head has a little inclination downwards. Sometimes the twelfth rib is 
even shorter than the first. . 

Structure.—The ribs consist of highly vascular cancellous tissue, enclosed in 
a thin, compact layer. 

Develéifieent:—-Esch rib, with the exception of the last two, is developed by 
three centres: one each for the shaft, the head, and the tubercle. The last 
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two ribs have only éwo centres, that for the tuberele being wanting. Ossifica- 
tion commences in the shaft at a very early period, before its appearance 
in the vertebre. The epiphysis of the head, which is of a slightly angular shape, 
and that for the tubercle, of a lenticular form, make their appearance between the 
sixteenth and twentieth years, and are not united to the rest of the bone until 
about the twenty-fifth year. 


Peculiar ribs. 
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Attachment of Muscles.—To nineteen : the Internal and External intercostals, 
Scalenus anticus, Scalenus medius, Scalenus posticus, Pectoralis minor, Serratus 
magnus, Obliquus externus, Quadratus lumborum, Diaphragm, Latissimus dorsi, 
Serratus posticus superior, Serratus posticus inferior, Ilio-costalis, Musculus 


accessorius ad ilio-costalem, Longissimus dorsi, Cervicalis ascendens, Levatores 
costarum, and Infracostales. 
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THE COSTAL CARTILAGES 


The Costal Cartilages (fig. 270, page 253) are bars of white, hyaline cartilage, 
which serve to prolong the ribs forward to the front of the chest, and contribute 
very materially to the elasticity of its walls. The first seven are connected with 
the sternum, the next three with the lower border of the cartilage of the preceding 
rib. The cartilages of the last two ribs have pointed extremities, which terminate 
in free ends in the walls of the abdomen. Like the ribs, the costal cartilages vary 
in their length, breadth, and direction. They increase in length from the first to 
the seventh, then gradually diminish to the last. Their breadth, as well as that 
of the intervals between them, diminishes from the first to the last. They are 
broad at their attachment to the ribs, and taper towards their sternal extremities, 
excepting the first two, which are of the same breadth throughout, and the sixth, 
seventh, and eighth, which are enlarged where their margins are in contact. In 
direction they also vary: the first descends a little, the second is horizontal, 
the third ascends slightly, while all the rest follow the course of the ribs for 
a short extent, and then ascend to the sternum or preceding cartilage. Hach 
costal cartilage presents two surfaces, two borders, and two extremities. The 
anterior surface is convex, and looks forwards and upwards: that of the first 
gives attachment to the costo-clavicular ligament and the Subclavius muscle ; 
that of the second, third, fourth, fifth, and sixth, at their sternal ends, to the 
Pectoralis major.* The others are covered by, and give partial attachment to, 
some of the great flat muscles of the abdomen. The posterior surface is concave, 
and directed backwards and downwards, the first giving attachment to the 
Sterno-thyroid, the third to the sixth inclusive to the Triangularis sterni, and the 
six or seven inferior ones to the Transversalis muscle and the Diaphragm. Of 
the two borders, the superior is concave, the inferior convex: they afford attach- 
ment to the Internal intercostal muscles, the upper border of the sixth giving 
attachment to the Pectoralis major muscle. The contiguous borders of the sixth, 
seventh, and eighth, and sometimes the ninth and tenth, costal cartilages present 
small, smooth, oblong-shaped facets at the points where they articulate. Of the 
two extremities, the outer one is continuous with the osseous tissue of the rib 
to which it belongs. The inner extremity of the first is continuous with the 
sternum ; the six succeeding ones have rounded extremities, which are received 
into shallow concavities on the lateral margins of the sternum. The inner 
extremities of the eighth, ninth, and tenth costal cartilages are pointed, and are 
connected with the cartilage above. Those of the eleventh and twelfth are free 
and pointed. 

The costal cartilages are most elastic in youth, those of the false ribs being 
more so than those of the true. In old age they become of a deep yellow colour, 
and are prone to calcify. 

Attachment of Muscles. —To nine: the Subclavius, Sterno-thyroid, Pectoralis 
major, Internal oblique, Transversalis, Rectus, Diaphragm, Triangularis sterni, 
and Internal intercostals. 


Surface Form—tThe bones of the chest are to a very considerable extent covered by 
muscles, so that in the strongly developed muscular subject they are for the most part 
concealed. In the emaciated subject, on the other hand, the ribs, especially in the lower 
and lateral regions, stand out as prominent ridges with the sunken, intercostal spaces 
between them. 

In the middle line, in front, the superficial surface of the sternum is to be felt through- 
out its entire length, at the bottom of a deep median furrow situated between the two 
great Pectoral muscles and called the sternal furrow. These muscles overlap the anterior 
surface somewhat, so that the whole of the sternum in its entire width is not sub- 
cutaneous, and this overlapping is greater opposite the centre of the bone than above and 
below, so that the furrow is wide at its upper and lower part, but narrower in the middle, 
The centre of the upper border of the sternum is visible, constituting the presternal 
notch, and is in the same horizontal plane as the lower border of the body of the second 
dorsal vertebra; the lateral parts of this border are obscured by the tendinous origins of 
the Sterno-mastoid muscles, which present themselves as oblique tendinous cords, which 
narrow and deepen the notch. Lower down on the subcutaneous surface a well-defined 
transverse ridge, the angle of Ludovic, is always to be felt. This denotes the line of 
junction of the manubrium and body of the bone; it lies in the same horizontal plane as 
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+ The first and seventh occasionally give origin to the same muscle. 
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the body of the fifth dorsal vertebra, and is a useful guide to the second costal cartilage, 
and thus to the identity of any given rib. The second rib being found, through its costal 
curtilage, it is easy to count downwards and find any other. From the middle of the 
sternum the furrow spreads out, and, exposing more of the surface of the bone, terminates 
at the junction of the body of the bone with the ensiform cartilage, on the same level 
as the intervertebral cartilage between the ninth and tenth dorsal vertebre. Immedi- 
ately below this is the infrasternal notch; between the points of junction of the seventh 
costal cartilages to the sternum, and belowthe notch, is a triangular depression, the 
epigastric fossa, or pit of the stomach (scrobiculus cordis), bounded laterally by the 
cartilages of the seventh ribs; in it the ensiform cartilage can be felt. The sternum in its 
vertical diameter presents a general convexity forwards, the most prominent point of 
which is at the joint between the manubrium and gladiolus. 

On each side of the sternum the costal cartilages and ribs on the front of the chest 
are partially obscured by the great Pectoral muscle; through which, however, they are to 
be felt as ridges, with yielding intervals between them, corresponding to the intercostal 
spaces. Of these spaces, the one between the second and third ribs is the widest, the 
next two somewhat narrower, and the remainder, with the exception of the last two, 
comparatively narrow. 

The lower border of the Pectoralis major muscle corresponds to the fifth rib, and 
below this, on the front of the chest, the broad, flat outline of the ribs, as they begin to 
ascend, and the more rounded outline of the costal cartilages, are often visible. The lower 
boundary of the front of the thorax, the abdomino-thoracic arch, which is most plainly 
seen by bending the body backwards, is formed by the ensiform cartilage and the cartilages 
of the seventh, eighth, ninth, and tenth ribs, and the extremities of the eleventh and 
twelfth ribs or their cartilages. 

On each side of the chest, from the axilla downwards, the flattened external surfaces 
of the ribs may be defined in the form of oblique ridges, separated by depressions corre- 
sponding to the intercostal spaces. They are, however, covered by muscles, which, when 
strongly developed, obscure their outline fo a certain extent. Nevertheless, the ribs, with 
the exception of the first, can generally be followed over the front and sides of the chest 
without difficulty. The first rib, being almost completely covered by the clavicle and 
scapula, can only be distinguished in a small portion of its extent. At the back, the angles 
of the ribs form a slightly marked oblique line, on each side of and some distance from 
the vertebral spines. This line diverges somewhat as it descends, and external to it is a 
broad, convex surface, caused by the projection of the ribs beyond their angles. Over this 
surface, except where covered by the scapula, the individual ribs can be distinguished. 

For clinical purposes and convenience of description, the surface of the chest has been 

mapped out by arbitrary lines into certain definite areas. Of these lines, some are vertical 
and others transverse. On the front of the chest the most important vertical lines are the 
mid-sternal, which run down the median line of the sternum and the mammary, which 
runs vertically downwards from a point midway between the centre of the presternal 
notch and the tip of the acromion process. This line, if prolonged, will cross Poupart’s 
ligament at a point midway between the anterior superior spine of the ilium and the 
symphysis pubis. The transverse lines are also two in number, and are drawn across the 
front of the chest at the levels of the junction of the third and sixth costal cartilages to the 
sternum. These lines divide the front of the thorax on either side into the following 
regions. Above the upper transverse line, the space to the inner side of the mid-clavicular 
line is the upper sternal region, and to the outer side the infraclavicular region. The 
space between the two transverse lines to the inner side of the mid-clavicular line is 
the lower sternal region ; and that to the outer side of the same line, the mammary region. 
The space below the lower transverse line is the inframammary region. The lower trans- 
verse line, if continued on to the lateral area of the thorax, divides this surface into an 
axillary region above the line and an infra-axillary region below the line. This lateral 
area is bounded in front and behind by two vertical lines—that in front, the anterior 
axillary line, being drawn from the anterior fold of the axilla; and that behind, the 
posterior axillary line, from the posterior fold of the axilla. By some, this lateral area of 
the thorax is further divided by a mid-azillary line, drawn downwards from the apex of 
the axilla. On the posterior aspect of the thorax the scapular line is drawn vertically 
through the inferior aspect of the scapula. 
_ Surgical Anatomy.— Malformations of the sternum present nothing of surgical 
importance beyond the fact that abscesses of the mediastinum may sometimes escape 
through the sternal foramen. Fracture of the sternum is by no means common, owing, 
no doubt, to the elasticity of the ribs and their cartilages which support it like so many 
springs, When broken, it is frequently associated with fracture of the spine, and may be 
caused by forcibly bending the body either backwards; or forwards until the chin becomes 
impacted against the top of the sternum. It may also be fractured by direct violence or 
by muscular action. The fracture usually occurs in the upper half of the body of the bone. 
Dislocation of the gladiolus from the manubrium also takes place, and is sometimes 
described as a fracture. 


The bone being subcutaneous is frequently the seat of gummatous tumours and not 
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uncommonly is affected with caries, Occasionally the bone, and especially its ensiforn 
appendix, becomes altered in shape and driven inwards by the pressure, in workmen, of 
tools against their chest. 

The ribs are frequently broken, though from their connections and shape they are 
able to withstand great force, yielding under the injury and recovering themselves like 
a spring. The middle ones of the series are the most liable to fracture. The first and 
to a less extent the second, being protected by the clavicle, are rarely fractured; and 
the eleventh and twelfth on account of their loose and floating condition enjoy a like 
immunity. The fracture generally occurs from indirect violence, from forcible compression 
of the chest wall, and the bone then gives way at its weakest part, i.e. just in front of the 
angle. But the ribs may also be broken by direct violence, when the bone gives way and 
is driven inwards at the point struck, or they may be broken by muscular action. It 
seems probable, however, that in these latter cases the bone has undergone some atrophic 
changes. Fracture of the ribs is frequently complicated with some injury to the viscera 
contained within the thorax or upper part of the abdominal cavity, and this is most likely 
to occur in fractures from direct violence. 

_ _ Fracture of the costal cartilages may also take place, though it is a comparatively rare 
injury. 

The thorax is frequently found to be altered in shape in certain diseases. 

In rickets, the ends of the ribs, where they join the costal cartilages, become enlarged, 
giving rise to the so-called ‘rickety rosary.’ Outside these enlargements the softened ribs 
sink in, so as to present a groove passing downwards and outwards on each side of 
the sternum. This bone is forced forwards by the bending of the ribs, and the antero- 
posterior diameter of the chest is increased. The ribs from the second tothe eighth are 
the ones affected, the lower ones being prevented from falling in by the presence of the 
liver, stomach, and spleen ; and when the liver and spleen are enlarged, asthey sometimes 
are in rickets, the lower ribs may be pushed outwards, causing a transverse groove 
(Harrison’s sulcus) just above the costal arch. This deformity is known under the name 
of ‘ pigeon-breast,’ and is primarily due to some chronic obstruction to the entry of air 
into the thorax, though it is more prone to occur in the softened bones of rickety children 
than in the healthy, where the resistance of the thoracic walls is greater. The 
phthtsical chest is often long and narrow, flattened from before backwards, and with 
great obliquity of the ribs and projection of the scapule. In pulmonary emphysema the 
chest is enlarged in all its diameters, and presents on section an almost circular outline. 
It has received the name of the ‘barrel-shaped chest.’ In severe cases of lateral 
curvature of the spine, the thorax becomes much distorted. In consequence of the 
rotation of the bodies of the vertebre, which takes place in this disease, the ribs opposite 
the convexity of the dorsal curve become extremely convex behind, being thrown out and 
bulging, and at the same time flattened in front, so that the two ends of the same rib are 
almost parallel. Coincident with this the ribs on the opposite side, on the concavity of 
the curve, are sunk and depressed behind, and bulging and convex in front. In addition 
to this the ribs often become welded together by bony material. 

The chest walls are sometimes unduly rigid, owing to excessive deposit of caleareous 
inatter in the bones and costal cartilages. This is usually found in old age, but occasion- 
ally in the young, and interferes more or less with the respiratory movements. Not 
infrequently the ribs are the seat of a tuberculous periostitis, leading to necrosis. The 
disease is usually situated on the internal surface of the rib; and hence the best treatment 
is to excise the portion of the rib which is the seat of the disease, when a carious cavity 
containing a sequestrum will be found on its internal surface. 

In cases of empyema the chest requires opening to evacuate the pus. There is 
considerable difference of opinion as to the best position for doing this. Probably the best 
place in most cases will be found to be between the fifth and sixth ribs, in or a little in 
front of the mid-axillary bone. This is the last part of the cavity to be closed by the 
expansion of the lung ; it is not thickly covered by soft parts; the space between the two 
ribs is sufficiently great to allow of the introduction of a fair-sized drainage tube, and the 
opening is in a dependent position, when the patient is confined to bed, as he usually 
inclines towards the affected side, so as to allow the sound lung the freest possible play, 
and this position permits of efficient drainage. 


THE EXTREMITIES 


The extremities, or limbs, are those long, jointed appendages of the body 
which are connected to the trunk by one end, and free in the rest of their extent. 
They are four in number: an upper or thoracic parr, connected with the thorax 
through the intervention of the shoulder, and subservient mainly to prehension ; 
and a lower pair, connected with the pelvis, intended for support and locomotion. 
Both pairs of limbs are constructed after one common type. so that they present 
numerous analogies ; while, at the same time, certain differences are observed 
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between the upper and lower pair, dependent on the peculiar offices they have to 
erform. 
The bones by which the upper and lower limbs are attached to the trunk are 
named respectively the shoulder and pelvic girdles, and they are constructed on 
the same general type, though presenting certain modifications relating to the 
different uses to which the upper and lower limbs are respectively applied. The 
shoulder girdle is formed by the scapulæ and clavicles, and is imperfect in front 
and behind. In front, however, the girdle is completed by the upper end of the 
sternum, with which the inner extremities of the clavicles articulate. Behind, 
the girdle is widely imperfect, and the scapule are connected to the trunk by 
muscles only. The pelvic girdle is formed by the innominate bones, and i§ com- 
pleted in front, through the symphysis pubis, at which the two innominate bones 
articulate with each other. It is imperfect behind, but the intervening gap is 
filled in by the upper part of the sacrum. The pelvic girdle therefore presents, 
with the sacrum, a complete ring, comparatively fixed, and presenting an arched 
form which confers upon it a solidity manifestly intended for the support of the 
trunk, and in marked contrast to the Vebiziess and mooy of the shoulder girdle. 
With regard to the morphology of these girdles, it will be noticed that they 
each consist of a dorsal and a ventral section: the dorsal section of the upper 
extremity is the scapula; of the lower, the ilium, and these two parts coincide. 
The ventral section, in the lower extremity, divides into two branches: one, 
anterior, is the os pubis; the other, posterior, is the ischium; in the upper 
extremity the arrangement is not quite so clear, the posterior branch of the 
ventral section is generally believed to be the coracoid process and corresponds to 
the ischium, and the anterior division by some is regarded as concurring with 
the precoracoid of reptiles and amphibia: which would thus be the homologue of 
the os pubis. The clavicle is looked upon as of secondary or dermic origin, and 
as having no representative in the lower limb. Others believe that the clavicle 
is analogous to the ventral anterior segment of the shoulder girdle, and there- 
fore is the representative of the os pubis. 


THE UPPER EXTREMITY 


The bones of the upper extremity consist of those of the shoulder girdle, of 
the arm, the forearm, and the hand. 


THE SHOULDER GIRDLE 


The Shoulder Girdle consists of two bones, the clavicle and the scapula. 


THE CLAVICLE (figs. 283, 284) 


The Clavicle (clavis, a key), or collar-bone, forms the anterior portion of the 
shoulder girdle. It is a long bone, curved somewhat like the italic letter f, and 
placed nearly horizontally at the upper and anterior part of the thorax, imme- 
diately above the first rib. It articulates by its inner extremity with the upper 
border of the sternum, and by its outer extremity with the acromion process of 
the scapula; serving to sustain the upper extremity in the various positions 
which it assumes, while, at the same time, it allows of great latitude of motion 
in the arm.* It presents a double curvature, when looked at in front; the con- 
vexity being forwards at the sternal end, and the concavity at the scapular end. 
Its outer third is flattened from above downwards, and extends, in the natural 
position of the bone, from a point opposite the coracoid process to the acromion. 
Its inner two-thirds are of a prismatic form, and extend from the sternum to a 
point opposite the coracoid process of the scapula. 


* The clavicle acts especially as a fulerum to enable the muscles to give lateral motion 
to the arm. It is accordingly absent in those animals whose fore limbs are used only for 
progression, but .is present for the most part in those animals whose anterior extremities 
are clawed and used for prehension, though in some of them—as, for instance, in a large 
number of the carnivora—it is merely a rudimentary bone suspended among the muscles, 
and not articulating either with the scapula or sternum. 
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External or Flattened Portion.—The outer third is flattened from above down- 
wards, so as to present two surfaces, an upper and a lower; and two borders, 
an anterior and a posterior. The upper surface is flattened, rough, marked by 
impressions for the attachment of the Deltoid in front, and the Trapezius behind ; 
between these two impressions, externally, a small portion of the bone is sub- 
cutaneous. The under surface is flattened. At its posterior border, a little 
external to the point where the prismatic joins with the flattened portion, is a 
rough eminence, the conoid tubercle; this, in the natural position of the bone, 
surmounts the coracoid process of the scapula, and gives attachment to the 
conoid ligament. From this tubercle, an oblique line, rarely a depression, passes 
forwards and outwards to near the outer end of the anterior border; it is 
called the oblique line, or trapezoid ridge, and affords attachment to the trapezoid 
ligament. The anterior border is concave, thin, and rough, and gives attach- 
ment to the Deltoid ; it occasionally presents, at its inner end, at the commence- 
ment of the deltoid impression, a tubercle, the deltoid tubercle, which is sometimes 
to be felt in the living subject. The posterwr border is convex, rough, broader 
than the anterior, and gives attachment to the Trapezius. 


; Fig. 283.— Left clavicle. Superior surface. 
Sternal extremity Acromial extremity 





Fic. 284.—Left clavicle. Inferior surface. 
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Internal or Prismatic Portion.—The prismatic portion forms the inner two- 
thirds of the bone. It is curved so as to be convex in front, concave behind, 
and is marked by three borders, separating three surfaces. The anterior border 
is continuous with the anterior margin of the flat portion. Its outer portion 
is smooth, and corresponds to the interval between the attachment of the 
Pectoralis major and Deltoid muscles; at the inner half of the clavicle it forms 
the lower boundary of an elliptical space for the attachment of the clavicular 
portion of the Pectoralis major, and approaches the posterior border of the 
bone. The superior border is continuous with the posterior margin of the flat 
portion, and separates the anterior from the posterior surface. Smooth and 
rounded externally, it becomes rough towards the inner third for the attach- 
ment of the Sterno-mastoid muscle, and terminates at the upper angle of the 
sternal extremity. The posterior or subclavian border separates the posterior 
from the inferior surface, and extends from the conoid tubercle to the rhomboid 
impression. It forms the posterior boundary of the groove for the Subclavius 
muscle, and gives attachment to a layer of cervical fascia, enveloping the 
Omo-hyoid muscle. The anterior surface is included between the superior and 
anterior borders. Its inner part is directed forwards and upwards; its outer 
part looks still more upwards, and becomes continuous with the superior 


266 OSTEOLOGY 


surface of the flat portion. Externally, it is smooth, convex, nearly subcutaneous, 
being covered only by the Platysma; but, corresponding to the inner half of 
the bone, it is divided by a more or less prominent line into two parts: a lower 

ortion, elliptical in form, rough, and slightly convex, for the attachment of the 

ectoralis major; and an upper part, which is rough, for the attachment of 
the Sterno-cleido-mastoid. Between the two muscular impressions is a small, 
subcutaneous interval. The posterior or cervical surface is smooth, flat, and 
looks backwards towards the root of the neck. It is limited, above, by the 
superior border; below, by the subclavian border; internally, by the margin 
of the sternal extremity; externally, it is continuous with the posterior border of 
the flat portion. It is concave from within outwards, and is in relation, by its 
lower part, with the suprascapular vessels. This surface, at the junction of 
the inner and outer curves, is also in close relation with the brachial plexus 
and subclavian vessels. It gives attachment, near the sternal extremity, to part 
of the Sterno-hyoid muscle ; and presents, at or near the middle, a foramen, 
directed obliquely outwards, which transmits the chief nutrient artery of the 
bone. Sometimes there are two foramina on the posterior surface, or one on 
the posterior, and another on the inferior surface. The inferior or subclavian 
surface is bounded, in front, by the anterior border; behind, by the subclavian 
border. It is narrow internally, but gradually increases in width externally, and 
is continuous with the under surface of the flat portion. Commencing at the 
sternal extremity may be seen a small facet for articulation with the cartilage of 
the first rib. This is continuous with the articular surface at the sternal end 
of the bone. External to this is a broad, rough surface, the rhomboid impression, 
rather more than an inch in length, for the attachment of the costo-clavicular 
(rhomboid) ligament. The remaining part of this surface is occupied by a 
longitudinal groove, broad and smooth externally, narrow and more uneven 
internally; it gives attachment to the Subclavius muscle, and, by its margins, to 
the costo-coracoid membrane, which splits to enclose the muscle. Not infre- 
quently this groove is subdivided into two parts by a longitudinal line, which 
gives attachment to the intermuscular septum of the Subclavius muscle. 

The inner or sternal extremity of the clavicle is triangular in form, directed 
inwards, and a little downwards and forwards; and presents an articular facet, 
concave from before backwards, convex from above downwards, which articulates 
with the sternum through the intervention of an interarticular fibro-cartilage; the 
circumference of the articular surface is rough, for the attachment of numerous 
ligaments. The posterior border of this surface is prolonged backwards so as to 
increase the size of the articular facet ; the upper border gives attachment to the 
interarticular fibro-cartilage, and the lower border is continuous with the costal 
facet on the inner end of the inferior or subclavian surface, which articulates 
with the cartilage of the first rib. | 

The outer or acromial extremity, directed outwards and forwards, presents a 
small, flattened, oval facet, which looks obliquely downwards, for articulation 
with the acromion process of the scapula. The circumference of the articular 
facet is rough, especially above, for the attachment of the acromio-clavicular 
ligaments. 

Peculiarities of the Bone in the Sexes and in Individuals.—-In the female, the 
clavicle is generally shorter, thinner, less curved, and smoother than in the male. 
In those persons who perform considerable manual labour, which brings into 
constant action the muscles connected with this bone, it becomes thicker and 
more curved, and its ridges for muscular attachment become prominently marked. 
The right clavicle is generally longer, thicker, and rougher diin the left. 

Structure.—The shaft, as well as the extremities, consists of cancellous tissue, 
invested in a compact layer much thicker in the middle than at either end. The 
clavicle is highly elastic, by reason of its curves. From the experiments of 
Ward, it has been shown that it possesses sufficient longitudinal elastic force 
to project its own weight nearly two feet on a level surface, when a smart blow 
is struck on it; and sufficient transverse elastic force, opposite the centre of its 
anterior convexity, to throw its own weight about a foot. This extent of elastic 
power must serve to moderate very considerably the effect of concussions received 
upon the point of the shoulder. 

Development.—By two centres: one for the shaft, and one for the sternal 
extremity. The centre for the shaft appears very early, before any other bone ; 
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according to Béclard, as early as the thirtieth day. The centre for the sternal 
end makes its appearance about the eighteenth or twentieth year, and unites 
with the rest of the bone about the twenty-fifth year. 
Articulations, With the sternum, scapula, and cartilage of the first rib. 
Attachment of Muscles. — To six: the Sterno-cleido-mastoid, Trapezius, 
Pectoralis major, Deltoid, Subclavius, and Sterno-hyoid. 


Surface Form.—The clavicle can be felt throughout its entire length, even in persons 
who are very fat. Commencing at the inner end, the enlarged sternal extremity, where 
the bone projects above the upper margin of the sternum, can be felt, forming with the 
sternum and the rounded tendon of the Sterno-mastoid a V-shaped notch, the presternal 
notch. Passing outwards, the shaft of the bone can be defined immediately under the 
skin, with its convexity forwards in the inner two-thirds, the surface partially obscured 
above and below by the attachments of the Sterno-mastoid and Pectoralis major muscles. 
In the outer third it forms a gentle curve backwards, and terminates at the outer end in 
a somewhat enlarged extremity which articulates with the acromial process of the scapula. 
The direction of the clavicle is almost, if not quite, horizontal when the arm is lying 
quietly by the side, though in well-developed subjects it may incline a little upwards at 
its outer end. Its direction is, however, very changeable with the varying movements 
of the shoulder-joint. The clavicle inclines backwards, so that its outer or acromia) 
extremity is on a plane posterior to its sternal end. This causes the shoulder to be 
thrown backwards away from the thorax; and if a solution of continuity of the bone takes 
place, the point of the shoulder is carried forwards and inwards, having lost the buttress- 
like action of the bone. 

Surgical Anatomy.—The clavicle is more frequently broken than any other bone in 
the body. This is due to the fact that it is much exposed to violence, and is the only 
bony connection between the upper limb and the trunk, acting as a buttress, which keeps 
the point of the shoulder away from the thorax. The bone, moreover, is slender, and 
is very superficial. It may be broken by direct or indirect violence, or by muscular 
action. The most common cause is, however, from indirect violence, as the result of 
force applied to the hand or shoulder, and the bone then gives way at the junction of its 
outer with its inner two-thirds: that is to say, at the junction of the two curves, for this 
is its weakest part. The fracture is generally oblique, and the displacement of the 
outer fragment is downwards, forwards, and inwards. The deformity is mainly due to 
the weight of the arm acting upon the fragment, when the buttress-like action of the bone 
is gone, assisted by the muscles which pass from the thorax to the upper extremity. The 
inner fragment, as a rule, is little displaced. Beneath the bone the main vessels of the 
upper limb and the great nerve-cords of the brachial plexus lie on the first rib and are 
liable to be wounded in fracture; especially in fracture from direct violence, when the 
force of the blow drives the broken ends inwards. Fortunately the Subclavius muscle is 
interposed between the structures and the clavicle, and this often protects them from 
injury. 

i The clavicle is not uncommonly the seat of sarcomatous tumours, rendering the opera- 
tion of excision of the entire bone necessary. This is an operation of considerable difficulty 
and danger. It is best performed by exposing the bone freely, disarticulating at the 
acromial end, and turning it inwards. The removal of the outer part is comparatively 
easy, but resection of the inner part is fraught with ditficulty, the main danger being the 
risk of wounding the great veins which are in relation with its under surface. 


THE SCAPULA 


The Scapula (cxardvyn, a ee forms the back part of the shoulder girdle. 
It is a large, flat bone, triangular in shape, situated at the posterior aspect and 
side of the thorax, between the second and seventh or sometimes the eighth ribs, 
its internal border or base being about an inch from, and nearly but not quite 
parallel with, the spinous processes of the vertebree, so that it is rather closer to 
them above than below. It presents for examination two surfaces, three borders, 
and three angles. 

The anterior surface, or venter (fig. 285), presents a broad concavity, the sub- 
scapular fossa. It is marked, in the inner two-thirds, by several oblique ridges, 
which pass from behind outwards and upwards; the outer third is smooth. The 
oblique ridges give attachment to the tendinous intersections, and the surfaces 
between them to the fleshy fibres, of the Subscapularis muscle. The outer third 
of the fossa, which is smooth, is covered by, but does not afford attachment to, 
the fibres of this muscle. The venter is separated from the internal border by 
smooth, triangular areas at the superior and inferior angles, and in the interval 
between these by a narrow ridge which is often deficient. These triangular areas 
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and the intervening ridge afford attachment to the Serratus magnus muscle. 
The subscapular fossa presents a transverse depression at its upper part, where 
the bone appears to be bent on itself, forming a considerable angle, called the 
subscapular angle, thus giving greater strength to the body of the bone from its 
arched form: while the summit of the arch serves to support the spine and 
acromion process. It is in this situation that the fossa is deepest; so that the 


Fic. 285.—Left scapula. Anterior surface, or venter. 
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thickest part of the Subscapularis muscle lies in a line perpendicular to the 
plane of the glenoid cavity, and must consequently operate most effectively on 
the head of the hunterus, which is contained in that cavity. 

The posterior surface, or dorsum (fig. 286), is arched e above downwards, 
alternately concave and convex from side to side. It is subdivided unequally 
into two parts by the spine; the portion above the spine is called the supraspinous 
fossa, and that below it the infraspinous fossa. 

The supraspinous fossa, the smaller of the two, is concave, smooth, and 
broader at the vertebral than at the humeral extremity. It affords attachment 
by its inner two-thirds to the Supraspinatus muscle. 

The infraspinous fossa is much larger than the preceding ; towards its 


SCAPULA 269 


vertebral margin a shallow concavity is seen at its upper part; its centre presents 
& prominent convexity, while towards the axillary border is a deep groove which 
runs from the upper towards the lower part. The inner two-thirds of this 
surface affords attachment to the Infraspinatus muscle; the outer third is only 
covered by it, without giving origin to its fibres. This surface is marked near 
the axillary border by an elevated ridge, which runs from the lower part of the 


Fie. 286.—Left scapula. Posterior surface, or dorsum. 
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glenoid cavity, downwards and backwards to the posterior border, about an inch 
above the inferior angle. The ridge serves for the attachment of a strong 
aponeurosis, which separates the Infraspinatus from the two Teres muscles. 
The surface of bone between this line and the axillary border is narrow in the 
upper two-thirds of its extent, and is crossed near its centre by a groove for the 

assage of the dorsalis scapulæ vessels ; it affords attachment to the Teres minor. 

ts lower third presents a broader, somewhat triangular surfače, which gives 
origin to the Teres major, and over which the Latissimus dorsi glides ; frequently 
the latter muscle takes origin by a few fibres from this part. The broad.and 
narrow portions of bone above alluded to are separated by an oblique line, which 


270 OSTEOLOGY 


runs from the axillary border, downwards and backwards, to meet the elevated 
ridge: to it is attached the aponeurosis which separates the two Teres muscles 
from each other. : 

The Spine is a prominent plate of bone, which crosses obliquely the inner 
four-fifths of the dorsum of the scapula at its upper part, and separates the 
supra- from the infra-spinous fossa: it commences at the vertebral border by a 
smooth, triangular surface over which the tendon of insertion of the lower part 
of the Trapezius glides, separated from the bone by a bursa; and, gradually 
becoming more elevated as it passes outwards, terminates in the acromion 
process, which overhangs the shoulder-joint. The spine is triangular, and 
fattened from above downwards, its apex corresponding to the vertebral border, 
its base (which is directed outwards) to the neck of the scapula. It presents two 
surfaces and three borders. Its superior swrface is concave, assists in forming 
the supraspinous fossa, and affords attachment to part of the Supraspinatus 
muscle. Its inferior surface forms part of the infraspinous fossa, gives origin to 
part of the Infraspinatus muscle, and presents near its centre the orifice of a 
nutrient canal. Of the three borders, the anterior is attached to the dorsum of 
the bone; the posterior, or crest of the spine, is broad, and presents two lips and 
an intervening rough interval. To the superior lip is attached the Trapezius, to 
the extent shown in the figure. A rough tubercle is generally seen occupying 
that portion of the spine which receives the tendon of insertion of the lower part 

of this muscle. To the inferior lip, throughout its whole length, is attached the 
Deltoid. ‘The interval between the lips is also partly covered by the tendinous 
fibres of these muscles. The external border, or base, the shortest of the three, is 
slightly concave ; its edge, thick and round, is continuous above with the under 
surface of the acromion process, below with the neck of thescapula. The narrow 
portion of bone external to this border, and separating it from the glenoid 
cavity, is called the great scapular notch, and serves to connect the supra- and 
infra-spinous fosse. 

The Acromion Process, so called from forming the summit of the shoulder 
(dxpov, @ summit; pos, the shoulder), is a large and somewhat triangular or 
oblong process, flattened from behind forwards, directed at first a little outwards, 
and then curving forwards and peg so as to overhang the glenoid cavity. 
Its upper surface, directed upwards, backwards, and outwards, is convex, rough, 
and gives attachment to some fibres of the Deltoid, and in the rest of its extent it 
is subcutaneous. Its under surface is smooth and concave. Its outer border is 
thick and irregular, and presents three or four tubercles for the tendinous origins 
of the Deltoid muscle. Its inner margin, shorter than the outer, is concave, 
gives attachment to a portion of the Trapezius muscle, and presents about its 
centre a small, oval surface for articulation with the acromial end of the clavicle. 
Its apex, which corresponds to the point of meeting of these two borders in front, 
is thin, and has attached to it the coraco-acromial ligament. 

Borders.—Of the three borders of the scapula, the superior is the shortest and 
thinnest; it is concave, and extends from the superior angle to the base of the 
coracoid process. At its outer part is a deep, semicircular notch, the suprascapular, 
formed partly by the base of the coracoid process. This notch is converted into 
a foramen by the transverse ligament, and serves for the passage of the supra- 
scapular nerve ; sometimes this foramen is entirely surrounded by bone. The 
adjacent margin of the superior border affords attachment to the Omo-hyoid 
muscle. The external, or axillary, border is the thickest of the three. It com- 
mences above at the lower margin of the glenoid cavity, and inclines obliquely 
downwards and backwards to the inferior angle. Immediately below the glenoid 
cavity is a rough impression (the infraglenoid tubercle), about an inch in length, 
which affords attachment to the long head of the Triceps muscle; in front of this 
is a longitudinal groove, which extends as far as its lower third, and affords 
origin to part of the Subscapularis muscle. The inferior third of this border, 
which is thin and sharp, serves for the attachment of a few fibres of the Teres 
major behind and of the Subscapularis in front. The internal, or vertebral, 
border, also named the base, is the longest of the three, and extends from the 
superior to the inferior angle of the bone. It is arched, intermediate in thickness 
between the superior and the external borders, and the portion of it above the 
spine is bent considerably outwards, so as to form an obtuse angle with the lower 
part. The vertebral border presents an anterior lip, a posterior lip, and an 
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intermediate space. The anterior lip affords attachment to the Serratus magnus; 
the posterior lip, to the Supraspinatus above the spine, the Infraspinatus below ; 
the interval between the two lips, to the Levator anguli scapule above the 
triangular surface at the commencement of the spine, the Rhomboideus minor 
to the edge of that surface; the Rhomboideus major being attached by means 
of a fibrous arch, connected above to the lower part of the triangular surface at 
the base of the spine, and below to the lower part of the posterior border. 

Angles.—Of the three angles, the superior, formed by the junction of the 
superior and internal borders, is thin, smooth, rounde , somewhat inclined 
outwards, and gives attachment to a few fibres of the Levator anguli scapulee 
muscle. The «/ferior angle, thick and rough, is formed by the union of the 
vertebral and axillary borders, its outer surface affording attachment to the Teres 
major and frequently to a few fibres of the Latissimus dorsi. The anterior angle 
is the thickest part of the bone, and forms what is called the head of the scapula. 
The head presents a shallow, pyriform, articular surface, the glenoid cavity (yàn, 
a socket), whose longest diameter is from above downwards, and its direction 
outwards and forwards. It is broader below than above ; at its apex is a slight 
impression (the supraglenoid tubercle), to which is attached the long tendon of 
the Biceps muscle. It is covered with cartilage in the recent state; and its 
margins, slightly raised, give attachment to a fibro-cartilaginous structure, the 
glenoid ligament, by which its cavity is deepened. The neck of the scapula is 
the slightly depressed surface which surrounds the head; it is more distinct on 
the posterior than on the anterior surface, and below. than above. In the latter 
situation it has, arising from it, a thick prominence, the coracoid process. 

The Coracoid Process, so called from its fancied resemblance to a crow’s beak 
(xopag, a crow), is a thick, curved process of bone, which arises by a broad base 
irom the upper part of the neck of the scapula; it is directed at first upwards 
and inwards; then, becoming smaller, it changes its direction, and passes 
forwards and outwards. The ascending portion, flattened from before backwards, 
presents in front a smooth, concave surface, over which passes the Subscapularis 
muscle. The horizontal portion is flattened from above downwards; its upper 
surface is convex and irregular, and gives attachment to the Pectoralis minor: 
its under surface is smooth ; its inner border is rough, and gives attachment to 
the Pectoralis minor; its outer border is also rough for the coraco-acromial 
ligament, while the apex is embraced by the conjoined tendon of origin of the 
short head of the Biceps and of the Coraco-brachialis and gives attachment to 
the costo-coracoid ligament. At the inner side of the root of the coracoid 
process is a rough impression for the attachment of the conoid ligament; and 
running from it obliquely forwards and outwards, on to the upper surface of 
the horizontal portion, an elevated ridge for the attachment of the trapezoid 
ligament. 

Structure.—In the head, processes, and all the thickened parts of the bone, 
the scapula is composed of cancellous tissue, while in the rest of its extent it is 
composed of a thin layer of dense, compact tissue. The central part of the supra- 
spinous fossa and the upper part of the infraspinous fossa, but especially the 
former, are usually so thin as to be semi-transparent; occasionally the bone 
is found wanting in this situation, and the adjacent muscles come into contact. 

Development (fig. 287).— By seven or more centres : one for the body, two for 
the coracoid process, two for the acromion, one for the vertebral border, and one 
for the inferior angle. 

Ossification of the body of the scapula commences about the second month of 
foetal life, by the formation of an irregular quadrilateral plate of bone, imme- 
diately behind the glenoid cavity. This plate extends so as to form the chief 
part of the bone, the spine growing up from its posterior surface about the third 
month. At birth, a large part of the scapula is osseous, but the glenoid cavity, 
coracoid and acromion processes, the posterior border, and inferior angle are 
cartilaginous. From the fifteenth to the eighteenth month after birth, ossification 
takes place in the middle of the coracoid process, which as a rule becomes joined 
with the rest of the bone about the fifteenth year. Between the fourteenth 
and twentieth years, ossification of the remaining centres takes place in quick 
succession, and usually in the following order: first, in the root of the coracoid 
process, in the form of a broad scale; secondly, near the base of the acromion 
process; thirdly, in the inferior angle and contiguous part of the posterior 
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border ; fourthly, near the extremity of the acromion ; fifthly, in the posterior 
border. The acromion process, besides being ossified from two separate nuclei, 
has its base formed by an extension into it of the centre of ossification which 
belongs to the spine, the extent of which varies in different cases. The two 
separate nuclei unite, and then join with the extension from the spine. Tha 
upper third of the glenoid cavity is ossified from a separate centre (subcoracoid), 
which makes its appearance between the tenth and eleventh years and joins 
between sixteen and eighteen. Further, an epiphysial plate appears for the 
lower part of the glenoid cavity, while the tip of the coracoid process frequently 
presents a separate nucleus. These various epiphyses are joined to the bone 
by the twenty-fifth year. Sometimes failure of union between the acromion 
process and spine occurs, the junction being effected by fibrous tissue, or by an 


Fre. 287.—Plan of the development of the scapula. By seven centres. 
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imperfect articulation; in some cases of supposed fracture of the acromion 
with ligamentous union, it is probable that the detached segment was never 
united to the rest of the bone. 

Articulations.—-With the humerus and clavicle. 

Attachment of Muscles——To seventeen: to the anterior surface, the Sub- 
scapularis ; posterior surface, Supraspinatus, Infraspinatus, Teres minor, Teres 
major; spine, Trapezius, Deltoid; superior border, Omo-hyoid; vertebral 
border, Serratus magnus, Levator anguli scapulæ, Rhomboideus minor and 
major; axillary border, Triceps; apex of glenoid cavity, long head of the 
Biceps; coracoid process, short head of the Biceps, Coraco-brachialis, Pectoralis 
minor: and to the inferior angle occasionally a few fibres of the Latissimus 


dorsi. 


Surface Form.—The only parts of the scapula which are truly subcutaneous are the 
spine and acromion process, but, in addition to these, the coracoid process, the internal or 
vertebral border and inferior angle, and, to a less extent, the axillary border, may be defined. 
The acromion process and spine of the scapula are easily felt throughout their entire length 
forming, with the clavicle, the arch of the shoulder. The acromion can be ascertained to 
be connected to the clavicle at the acromio-clavicular joint by running the finger along 
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it, its position being often indicated by an irregularity or bony outgrowth from the clavicle 
close to the joint. The acromion can be felt forming the point of the shoulder, and 
from this can be traced backwards to join the spine of the scapula. The place of junction 
is denoted by a prominence, which is sometimes called the acromial angle. From here 
the spine can be felt as a distinct ridge of bone, marked on the surface as an oblique 
depression, which becomes less and less distinct and terminates a little external to the 
spinous processes of the vertebre. Its termination is indicated by a slight dimple 
in the skin, on a level with the interval between the third and fourth dorsal spines. 
Below this point the vertebral border of the scapula may be traced, running downwards 
and outwards, and thus diverging from the vertebral spines, to the inferior angle of the 
bone, which can be recognised, although covered by the Latissimus dorsi muscle. From 
this angle the axillary border can usually be traced through its thick muscular covering, 
forming, with the muscles, the posterior fold of the axilla. The coracoid process may be 
felt about an inch below the junction of the middle and outer third of the clavicle. Here 
it is covered by the anterior border of the Deltoid, and lies a little to the outer side of a 
slight depression, which corresponds to the interval between the Pectoralis major and 
Deltoid muscles. When the arms are hanging by the side, the upper angle of the scapula 
corresponds to the upper border of the second rib or the interval between the first and 
second dorsal spines, the inferior angle to the upper border of the eighth rib or the interval 
between the seventh and eighth dorsal spines. 

Surgical Anatomy.—Fractures of the body of the scapula are rare, owing to the mobility 
of the bone, the thick layer of muscles by which it is encased on both surfaces, and the 
elasticity of the ribs on which it rests. Fracture of the neck of the bone is also uncommon. 
The most frequent course of the fracture is from the suprascapular notch to the infra- 
glenoid tubercle, and it derives its principal interest from its simulation to a subglenoid 
dislocation of the humerus. The diagnosis can be made by noting the alteration in the 
position of the coracoid process. A fracture of the neck external to and not including the 
coracoid process is said to: occur, but it is exceedingly doubtful whether such an accident 
ever takes place. The acromion process is more frequently broken than any other part of 
the bone, and there is sometimes, in young subjects, a separation of the epiphysis. It is 
believed that many of the cases of supposed fracture of the acromion, with fibrous union, 
which have been found on post-mortem examination are really cases of imperfectly united 
epiphysis. The coracoid process is occasionally broken off, either from direct violence or, 
perhaps rarely, from muscular action. 

Tumours of various kinds grow from the scapula. Of the innocent form of tumours 
probably the osteomata are the most common. When this tumour grows from the venter 
of the scapula, as it sometimes does, it is of the compact variety, such as usually grows 
from membrane-formed bones, as the bones of the skull. This would appear to afford 
evidence that this portion of the bone is formed from membrane, and not like the rest of 
the bone from cartilage. Sarcomatous tumours sometimes grow from the scapula and may 
necessitate removal of the bone, with or without amputation of the upper limb. The bone 
may be excised by a T-shaped incision, and the flaps being reflected, the removal is 
commenced from the posterior or vertebral border, so that the subscapular vessels which 
lie te the axillary border are among the last structures divided, and can be at once 
secured. 


THE ARM 


The Arm is that portion of the upper extremity which is situated between the 
shoulder and the elbow. Its skeleton consists of a single bone, the humerus. 


THe HUMERUS 


The Humerus is the longest and largest bone of the upper extremity ; it 
presents for examination a shaft and two extremities. 

The Upper Extremity consists of a large, rounded head, joined to the shaft 
by a constricted portion, called the neck, and two other eminences, the greater 
and lesser tuberosities (fig. 288). 

The head, nearly hemispherical in form,* is directed upwards, inwards, and a 
little backwards, and articulates with the glenoid cavity of the scapula; its sur- 
face is smooth, and coated with cartilage in the recent state. The circumference 
of its articular surface is slightly constricted, and is termed the anatomical neck, 
in contradistinction to the constriction which exists below the tuberosities. The 


* Though the head is nearly hemispherical in form, its margin, as Humphry has 
shown, is by no means a true circle. Its greatest measurement is, from the top of 
the bicipital groove in a direction downwards, inwards, and backwards. Hence it follows 
that the greatest elevation of the arm can be obtained by rolling the articular surface in 
this direction—that is to say, obliquely upwards, outwards, and forwards. M 
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Fre. 288.—Left humerus. Anterior view 
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latter is called the surgical neck, from its being frequently the seat of fracture. 
It should be remembered, however, that fracture of the anatomical neck does 
sometimes, though rarely, occur. 

The anatomical neck is obliquely directed, forming an obtuse angle with 
the shaft. It is more distinctly marked in the lower half of its circumference 
than in the upper half, where it presents a narrow groove, separating the 
head from the tuberosities. Its circumference affords attachment to the capsular 
ligament, and is perforated by numerous vascular foramina. 

The greater tuberosity is situated on the outer side of the head and lesser 
aei Its upper surface is rounded and marked by three flat impressions, 
separated by two slight ridges: the superior impression gives insertion to the 
tendon of the Supraspinatus; the middle to the Infraspinatus; the inferior 
one, and the shaft of the bone below it, to the Teres minor. The outer surface 
of the great tuberosity is convex, rough, and continuous with the outer side 
of the shaft. 

The lesser tuberosity is more prominent, although smaller, than the greater : 
it is situated in front of the head, and is directed inwards and forwards. Its 
summit presents a prominent impression for the insertion of the tendon of the 
Subscapularis muscle. The tuberosities are separated from one another by a 
deep groove, the bicipital groove, which lodges the long tendon of the Biceps 
muscle, and transmits a branch of the anterior circumflex artery to the shoulder- 
joint. It commences above between the two tuberosities, passes obliquely 
downwards and a little inwards, and terminates at the junction of the upper 
with the middle third of the bone. It is deep and narrow at the commencement, 
and becomes shallow and a little broader as it descends. Its borders are called, 
respectively, the anterior and posterior bicipital ridges, and form the upper 
part of the anterior and internal borders of the shaft of the bone. In the 
recent state it is covered with a thin layer of cartilage, lined by a prolongation 
of the synovial membrane of the shoulder-joint, and gives insertion to the 
tendon of the Latissimus dorsi muscle. 

The Shaft of the humerus is almost cylindrical in the upper half of its extent, 
prismatic and flattened below, and presents three borders and three surfaces for 
examination. 

The anterior border runs from the front of the great tuberosity above to the 
coronoid depression below, separating the internal from the external surface. Its 
upper part is very prominent and rough, and forms the outer lip of the bicipital 
groove. It is sometimes called the anterior bicipital or pectoral ridge, and serves 
for the insertion of the tendon of the Pectoralis major. About its centre it forms 
the anterior boundary of the rough deltoid impression ; below, it is smooth and 
rounded, affording attachment to the Brachialis anticus. 

The external border runs from the back part of the greater tuberosity to the 
external epicondyle, and separates the external from the posterior surface. It is 
rounded and indistinctly marked in its upper half, serving for the attachment of 
the lower part of the insertion of the Teres minor, and below this ng G to 
the external head of the Triceps muscle; its centre is traversed by a broad but 
shallow, oblique depression, the musculo-spiral groove; its lower part is marked 
by a prominent, rough margin, a little curved from behind forwards, the external 
supracondylar ridge, which presents an anterior lip for the origin of the Supinator 
longus (Brachio-radialis) above, and Extensor carpi radialis longior below, a 
posterior lip for the Triceps, and.an intermediate space for the attachment of 
the external intermuscular septum. 

The internal border extends from the lesser tuberosity to the internal si > 
condyle. Its upper third is marked by a prominent ridge, the posterior lip of the 
bicipital groove, which gives insertion to the tendon of the Teres major. About 
its centre is a slight impression for the insertion of the Coraco-brachialis, and just 
below this is seen the entrance of the nutrient canal, directed downwards,” Some- 
times there is a second canal situated at the commencement of thé musculo- 
spiral groove for a nutrient artery derived from the superior profunda branch 
of the brachial artery. The inferior third of this border is raised into a slight 
ridge, the internal supracondylar ridge, which becomes very prominent below ; it 
presents an anterior lip for the origin of the Brachialis anticus, a posterior lip for 
the internal head of the Triceps, and an intermediate space for the attachment of 


the internal intermuscular septum. 
T 2 
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Fie. 289.—Left humerus. 
Posterior surface. 
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OSTEOLOGY 


The external surface is directed out- 
wards above, where it is smooth, rounded, 
and covered by the Deltoid muscle ; for- 
wards and outwards below, where it is 
slightly concave from above downwards, 
and gives origin to part of the Brachialis 
anticus muscle. About the middle of 
this surface is seen a rough, triangular 
impression for the insertion of the Del- 
toid muscle; and below it the musculo- 
spiral groove, directed obliquely from 
behind, forwards, and downwards, and 
transmitting the miusculo-spiral nerve 
and superior profunda artery. 

The internal surface, less extensive 
than the external, is directed inwards 
above, forwards and inwards below ; at 
its upper part it is narrow, and forms 
the floor of the bicipital groove which 
gives insertion to the tendon of the 
Latissimus dorsi. The middle part of 
this surface is slightly rough for the 
attachment of some of the fibres of 
the tendon of insertion of the Coraco- 
brachialis ; its lower part is smooth, con- 
cave from above downwards, and gives 
origin to the Brachialis anticus muscle.* 

The posterior surface (fig. 289) ap- 
pears somewhat twisted, so that its 
upper part is directed a little inwards, 
its lower part backwards and a little 
outwards. Nearly the whole of this 
surface is covered by the external and 
internal heads of the Triceps, the former 


* A small, hook-shaped process of bone, 
the supracondylar process, varying from yy 
to ? of an inch in length, is not infrequently 
found projecting from the inner surface of 
the shaft of the humerus two inches above 
the internal epicondyle. It is curved down- 
wards, forwards, and inwards, and its pointed 
extremity is connected to the internal border, 
just above the inner epicondyle, by a ligament 
or fibrous band, which gives origin to a portion 
of the Pronator radii teres; through the arch 
completed by this fibrous band the median 
nerve and brachial artery pass, when these 
structures deviate from their usual course. 
Sometimes the nerve alone is transmitted 
through it, or the nerve may be accompanied 
by the ulnar artery, in cases of high division 
of the brachial. A well-marked groove is 
usually found behind the process, in which 
the nerve and artery are lodged. This space 
is analogous to the supracondyloid foramen 
in many animals, and probably serves in 
them to protect the nerve and artery from 
compression during the contraction of the 
muscles in this region. A detailed account 
of this process is given by Struthers, in 
his Anatomical and Physiological Observa- 
tions, p. 202. According to J. Wood, an 
accessory portion of the Coraco-brachialis 
muscle is frequently connected with this 
process (Journal of Anat, and Phys. No. 1. 
Nov. 1866, p. 47). 
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of which arises from its upper and outer part, the latter from its inner and back 
part, the two being separated by the musculo-spiral groove. 

The Lower Extremity is flattened from before backwards, and curved slightly 
forwards ; it terminates below in a broad, articular surface, which is divided into 
two parts by a slight ridge. Projecting on either side are the external and 
internal epicondyles. The articular surface extends a little lower than the 
epicondyles, and is curved slightly forwards, so as to occupy the more anterior 
part of the bone; its greatest breadth is in the transverse diameter, and it is 
obliquely directed, so that its inner extremity occupies a lower level than the 
outer. The outer portion of the articular surface presents a smooth, rounded 
eminence, which has received the name of the capitellum, or radial head of the 
humerus ; it articulates with the cup-shaped depression on the head of the 
radius, and is limited to the front and lower part of the bone, not extending as 
far back as the other portion of the articular surface. On the inner side of this 
eminence is a shallow groove, in which is received the inner margin of the head 
of the radius. Above the front part of the capitellum is a slight depression, the 
radial fossa, which receives the anterior border of the head of the radius, when 
the forearm is flexed. The inner portion of the articular surface, the trochlea, 
presents a deep depression between two well-marked borders. This surface is 
convex from before backwards, concave from side to side, and occupies the 
anterior, lower, and posterior parts of the bone. The external border, less 
prominent than the internal, separates it from the groove which articulates with 
the margin of the head of the radius. The internal border is thicker, more 
prominent, and consequently of greater length, than the external. The grooved 
portion of the articular surface fits accurately within the greater sigmoid cavity 
of the ulna ; it is broader and deeper on the posterior than on the anterior aspect 
of the bone, and is inclined obliquely from behind forwards, and from without 
inwards. Above the front part of the trochlear surface is a smaller depression, 
the coronoid fossa, which receives the coronoid process of the ulna during flexion 
of the forearm. Above the back part of the trochlear surface is a deep, triangular 
depression, the olecranon fossa, in which the summit of the olecranon process is 
received in extension of the forearm. These fossa are separated from one another 
by a thin, transparent lamina of bone, which is sometimes perforated, forming 
the supratrochlear foramen ; their margins afford attachment to the anterior and 
posterior ligaments of the elbow-joint, and they are lined, in the recent state, by 
the synovial membrane of this articulation. The articular surfaces, in the recent 
state, are covered with a thin layer of cartilage. The external epicondyle is a 
small, tubercular eminence, less prominent than the internal, curved a little 
forwards, and giving attachment to the external lateral ligament of the elbow- 
joint, and to a tendon common to the origin of some of the Extensor and Supinator 
muscles. The internal epicondyle, larger and more prominent, and therefore 
more liable to fracture, than the external, is directed a little backwards : it gives 
attachment to the internal lateral ligament, to the Pronator radii teres, and to 
a tendon common to the origin of some of the Flexor muscles of the forearm. 
The ulnar nerve runs in a groove at the back of the internal condyle. These 
epicondyles are directly continuous above with the external and internal supra- 
condylar ridges. 

Structure.—The extremities consist of cancellous tissue, covered with a thin, 
compact layer; the shaft is composed of a cylinder of compact tissue, thicker at 
the centre than at the extremities, and hollowed out by a large medullary canal, 
which extends along its whole length. 

Development (fig. 290).—By eight centres: one for the shaft, one for the 
head, one for each tuberosity, one for the radial head, one for the trochlear 
portion of the articular surface, and one for each epicondyle. The nucleus for 
the shaft appears near the centre of the bone in the eighth week, and soon extends 
towards the extremities. At birth the humerus is ossified nearly in its whole 
length, only the extremities remaining cartilaginous. During the first year, 
sometimes before birth, ossification commences in the head of the bone, and 
during the third year the centre for the great tuberosity, and during the fifth that 
for the lesser tuberosity, make their appearance. By the sixth year the centres 
for the head and tuberosities have increased in size and become joined, so as to 
form a. single large epiphysis, which fuses with the shaft about the twentiet’ 
year. 
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The lower end of the humerus is developed in the following manner : At 

the end of the second year anite ge atin = = Mr a r 

i j l ; to form the chie O 
i ak SSAR of the bones 0 centre for the inner 
part of the trochlea not appearing until 
about the age of twelve. Ossification 
commences in the internal epicondyle 
about the fifth year, and in the external 
one about the thirteenth or fourteenth 
year. About thesixteenth or seventeenth 
year, the outer epicondyle and both 
portions of the articulating surface 
(having already joined) unite with 
the shaft, and at the eighteenth year 
the inner epicondyle becomes joined 
to it. 

Articulations. —With the glenoid 
cavity of the scapula, and with the 
ulna and radius. 

Attachment of Muscles.—To twenty- 
four: to the greater tuberosity, the 
Supraspinatus, Infraspinatus, and Teres 
minor; to the lesser tuberosity, the 
| Subscapularis ; to the anterior bicipital 
T ridge, the Pectoralis major; to the 
1 R posterior bicipital ridge, the Teres 
yf major; to the bicipital groove, the 
Latissimus dorsi; to the shaft, the 
Deltoid, Coraco-brachialis, Brachialis 
anticus, external and internal heads of 
the Triceps ; to the internal epicondyle, 
the Pronator radii teres, and common 
tendon of the Flexor carpi radialis, 
Palmaris longus, Flexor sublimis digi- 
torum, and Flexor carpi ulnaris; to 
the external supracondylar ridge, the 
Supinator longus and Extensor carpi 
radialis longior; to the external epicondyle, the common tendon of the Extensor 
carpi radialis brevior, Extensor communis digitorum, Extensor minimi digiti, 
Extensor carpi ulnaris, and Supinator brevis ; to the back of the external epicon- 
dyle, the Anconeus. 


Fre. 290.—Plan of the development of the 
humerus. By seven centres. 


Epiphyses of head and 
pipina o blend at 
fifth year, and unite 
with shaft at twen- 
tieth year 





Unites with shaft 
at eighteenth year 





Surface Form.—The humerus is almost entirely clothed by the muscles which surround 
it, and the only parts of this bone which are strictly subcutaneous are small portions of 
the internal and external epicondyles. In addition to these, the tuberosities and a part of 
the head of the bone can be felt under the skin and muscles by which they are covered. 
Of these the greater tuberosity forms the most prominent bony point of the shoulder, 
extending beyond the acromion process and covered by the Deltoid muscle. It influences 
materially the surface form of the shoulder. It is best felt while the arm is lying loosely 
by the side; if the arm be raised, it recedes from under the finger. The lesser tuberosity, 
directed forwards and inwards, is to be felt to the inner side of the greater tuberosity, just — 
below the acromio-clavicular joint. Between the two tuberosities lies the bicipital groove. 
This can be defined by placing the finger, and making firm pressure, just internal to the 
greater tuberosity ; then, by rotating the humerus, the groove will be felt to pass under the 
finger as the bone is rotated. With the arm abducted from the side the lower part of the 
head of the bone is to be felt by pressing deeply in the axilla. On each side of the elbow- 
joint, and just above it, the internal and external epicondyles of the bone are to be felt. 
Of these the internal is the more prominent, but the internal supracondylar ridge, 
passing upwards from it, is much less marked than the external, and, as a rule, is not 
to be felt. Occasionally, however, we find along this border the hook-shaped process 
mentioned above. The external epicondyle is to be seen most plainly during semiflexion 
of the forearm, and its position is indicated by a depression between the aitachment of 
the adjacent muscles. From it is to be felt a strong bony ridge running up the outer 
border of the shaft of the bone. This is the external supracondylar ridge; it is concave 


forwards, and corresponds with the curved direction of the lower extremity of the 
humerus. 
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Surgical Anatonvy.—There are several points of surgical interest connected with the 
humerus. First, as regards its development. The upper end, though the first to ossify, is 
the last to join the shaft, and the length of the bone is mainly due to growth from the upper 
epiphysial line. Hence, in cases of amputation of the armin young subjects, the humerus 
continues to grow considerably, and the end of the bone which immediately after the 
operation was covered with a thick cushion of soft tissue begins to project, thinning the 
soft parts and rendering the stump conical. This may necessitate the removal of a couple 
of inches or so of the bone, and even after this operation a recurrence of the conical stump 
may take place. 

There are several points of surgical interest in connection with fractures. First, as 
regards their causation ; the bone may be broken by direct or indirect violence like the other 
long bones, but, in addition to this, it is probably more frequently fractured by muscular 
action than any other of this class of bone in the body. It is usually the shaft, just below 
the insertion of the Deltoid, which is thus broken. The accident has been known to happen 
from throwing a stone, and again in an apparently healthy adult, from cutting a piece of 
hard ‘cake tobacco’ on a table. In this latter case there was no disease of the bone that 
could be discovered. Fractures of the upper end may take place through the anatomical 
neck, through the surgical neck, or separation of the greater tuberosity may occur. 
Fracture of the anatomical neck is a very rare accident; in fact, it is doubted by some 
whether it ever occurs. These fractures are usually considered to be intracapsular, but 
they are probably partly within and partly without the capsule, as the lower part of the 
capsule is inserted some little distance below the anatomical neck, while the upper part is 
attached to it. They may be impacted or non-impacted. In most cases there is little or 
no displacement on account of the capsule, in whole or in part, remaining attached to the 
lower fragment, But occasionally a very remarkable alteration in position takes place ; 
the upper fragment turns on its own axis, so that the cartilaginous surface of the head 
rests against the upper end of the lower fragment. When the fractured end is entirely 
separated from all its surroundings, its vascular supply must be entirely cut off, and one 
would expect it, theoretically, to necrose. But this must be exceedingly rare, for Gurit 
was unable to find a single authenticated case recorded. Separation of the upper 
epiphysis of the humerus sometimes occurs in the young subject, and is marked by a 
characteristic deformity, by which the lesion may be at-once recognised. This consists 
in the presence of an abrupt projection at the front of the joint some short distance below 
the coracoid process, caused by the upper end of the lower fragment. In fractures of the 
shaft of the humerus the lesion may take place at any point, but appears to be more 
common in the lower than the upper part of the bone. The points of interest in connection 
with these fractures are: (1) that the musculo-spiral nerve may be injured as it lies in the 
groove on the bone, or may become involved in the callus which is subsequently thrown 
out; and (2) the frequency ofnon-union. The latter is believed to be more comimon in the 
humerus than in any other bone, and various causes have been assigned for it. It 
would seem most probably to be due to the difficulty that there is in fixing the shoulder- 
joint and the upper fragment, and possibly the elbow-joint and lower fragment also. 
Other causes which have been assigned for the non-union are: (1) that in attempting 
passive motion of the elbow-joint to overcome any rigidity which may exist, the movement, 
does not take place at the articulation but at the seat of fracture; or that the patient, 
in consequence of the rigidity of the elbow, in attempting to flex or oxtend the forearm, 
moves the fragment and not the joint. (2) The presence of small portions of muscular 
tissue between the broken ends. (3) Want of support to the elbow, so that the weight of 
the arm tends to drag the lower fragment away from the upper. An important distinction 
to make in fractures of the lower end of the humerus, is between those that involve the 
joint and those which do not; the former are always serious, as they may lead to 
impairment of the utility of the limb. They include the T-shaped fracture and. oblique 
fractures which involve the articular surface. The fractures which do not involve the 
joint are the transverse above the epicondyles, and the so-called epitrochlear fracture, 
where the tip of the internal epicondyle is broken off, generally from direct violence. 

Under the head of separation of the epiphysis two separate injuries have been described. 
One where the whole of the four ossific centres which form the lower extremity of the 
bone are separated from the shaft; and secondly, where the articular portion is alone 
separated, the two epicondyles remaining attached to the shaft of the bone. The 
epiphysial line between the shaft and lower end runs across the bone just above the tips 
of the epicondyles, a point to be borne in mind in performing the operation of excision. 

Tumours originating from the humerus are of frequent occurrence. A not uncommon 
place for a chondroma to grow from is the shaft of the bone somewhere in the neighbour- 
hood of the insertion of the Deltoid. Sarcomata frequently grow from this bone. 
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Fre. 2@1.~-Bones of the left forearm. Anterior surface. 
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THE FOREARM 


The Forearm is that portion of the upper extremity which is situated between 
= elbow and wrist. Its skeleton is composed of two bones, the ulna and the 
radius. 


THe Unna 


The Ulna (figs. 291, 292), 80 called from its forming the elbow (àévn), is a long 
bone, prismatic in form, placed at the inner side of the forearm, parallel with the 
radius. It is the larger and longer of the two bones. Its upper extremity, 
of great thickness and strength, forms a large part of the articulation of the 
elbow-joint; it diminishes in size from above downwards, its lower extremity 
being very small, and excluded from the wrist-joint by the interposition of an 
interarticular fibro-cartilage. It is divisible into a shaft and two extremities. 

The Upper Extremity, the strongest part of the bone, presents for examination 
two large, curved processes, the olecranon process and the coronoid process; and 
two concave, articular cavities, the greater and lesser sigmoid cavities. 

The Olecranon Process (éAévy, elbow ; xpaviov, head) is a large, thick, curved 
eminence, situated at the upper and back part of the ulna. It is curved forwards 
at the summit so as to present a prominent tip which is received into the olecranon 
fossa in extension of the forearm ; its base being contracted where it joins the 
shaft. This is the narrowest part of the upper end of the ulna, and, consequently, 
the most usual seat of fracture. The posterior surface of the olecranon, directed 
backwards, is triangular, smooth, subcutaneous, and covered by a bursa. Its 
upper surface is of quadrilateral form, marked behind by a rough impression 
for the insertion of the Triceps muscle; and in front, near the margin, by a 
slight transverse groove for the attachment of part of the posterior ligament of 
the elbow-joint. Its anterior surface is smooth, concave, covered with cartilage 
in the recent state, and forms the upper and back part of the great sigmoid cavity. 
The lateral borders present a continuation of the same groove that was seen on 
the margin of the superior surface; they serve for the attachment of ligaments 
—viz. the back part of the interna] lateral ligament internally, the posterior 
ligament externally. From its inner border a part of the Flexor carpi ulnaris 
arises ; while to the outer border is attached the Anconeus. 

The Coronoid Process (xopwvy, anything hooked like a crow’s beak) is a tri- 
angular eminence of bone which projects horizontally forwards from the upper 
and front part of the ulna. Its base is continuous with the shaft, and of 
considerable strength; so much so that fracture of it is an accident of rare 
occurrence. Its apex is pointed, slightly curved upwards, and received into the 
coronoid depression of the humerus in flexion of the forearm. Its upper surface 
is smooth, concave, and forms the lower part of the greater sigmoid cavity. The 
under surface is concave, and marked internally by a rough impression for the 
insertion of the Brachialis anticus. At the junction of this surface with the shaft 
is a rough eminence, the tubercle of the ulna, for the attachment of the oblique 
ligament. Its outer surface presents a narrow, oblong, articular depression, the 
lesser sigmoid cavity. The inner surface, by its prominent, free margin, serves 
for the attachment of part of the internal lateral ligament. At the front part of 
this surface is a small, rounded eminence for the origin of one head of the Flexor 
sublimis digitorum ; behind the eminence, a depression for part of the origin of 
the Flexor profundus digitorum ; and, descending from the eminence, a ridge, 
which gives origin to. one head of the Pronator radii teres. Frequently, the 
Flexor longus pollicis arises from the lower part of the coronoid process by a 
rounded bundle of muscular fibres. 

The Greater Sigmoid Cavity, so called from its resemblance to the old shape 
of the Greek letter 3, is a semilunar depression of large size, formed by the 
olecranon and coronoid processes, and serving for articulation with the trochlear 
surface of the humerus. About the middle of either lateral border of this cavity 
is a notch, which contracts it somewhat, and serves to indicate the junction of 
the two processes of which it is formed. The cavity is concave from above 
downwards, and divided into two lateral parts by a smooth, elevated ridge which 
runs from the summit of the olecranon to the tip of the coronoid process. Of 
these two portions, the internal is the larger, and is slightly concave transversely ; 
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the external portion is convex above, slightly concave below. The articular 
surface, in the recent state, is covered with a thin layer of cartilage. 

The Lesser Sigmoid Cavity is a narrow, oblong, articular depression on the 
outer side of the coronoid process, and receives the lateral articular surface of 
the head of the radius. It is concave from before backwards; and its extremi- 
ties, which are prominent, serve for the attachment of the orbicular ligament. 
In the recent state, it is covered with a thin layer of cartilage. 

The Shaft, at its upper part, is prismatic in form, and curved from behind 
forwards, and from without inwards, so as to be convex behind and externally ; 
its central part is quite straight ; its lower part is rounded, smooth, and bent a 
little outwards ; it tapers gradually from above downwards, and presents for 
examination three borders, and three surfaces. 

The anterior border commences above at the prominent inner angle of the 
coronoid process, and terminates below in front of the styloid process. It is 
well marked above, smooth and rounded in the middle of its extent, and affords 
attachment to the Flexor profundus digitorum: its lower fourth, marked off from 
the rest of the border by the commencement of an oblique ridge on the anterior 
surface, serves for the origin of the Pronator quadratus. It separates the 
anterior from the internal surface. 

The posterior border commences above at the apex of the triangular sub- 
cutaneous surface at the back part of the olecranon, and terminates below at the 
back part of the styloid process; it is well marked in the upper three-fourths, 
and gives attachment to an aponeurosis which affords a common origin to the 
Flexor carpi ulnaris, the Extensor carpi ulnaris, and the Flexor profundus 
digitorum muscles; its lower fourth is smooth and rounded. This border 
separates the internal from the posterior surface. 

The external or interosseous border commences above by the union of two 
lines, which converge one from each extremity of the lesser sigmoid cavity, 
enclosing between them a triangular space for the origin of part of the Supinator 
brevis ; it terminates below at the middle of the head of the ulna. Its two 
middle fourths are very prominent, its lower fourth is smooth and rounded. 
This border gives attachment to the interosseous membrane, and separates the 
anterior from the posterior surface. 

The anterior surface, much broader above than below, is concave in its upper 
three-fourths, and affords attachment to the Flexor profundus digitorum ; its 
lower fourth, also concave, is covered by the Pronator quadratus. The lower 
fourth is separated from the remaining portion of the hone by a prominent ridge, 
directed obliquely from above downwards and inwards ; this ridge (the oblique or 
Pronator ridge) marks the extent of origin of the Pronator quadratus. At the 
junction of the upper with the middle third of the bone is the nutrient canal, 
directed obliquely upwards and inwards. 

The posterior surface, directed backwards and outwards, is broad and concave 
above; somewhat narrower and convex in the middle of its course; narrow, 
smooth, and rounded below. It presents, above, au oblique ridge, which runs 
from the posterior extremity of the lesser sigmoid cavity, downwards to the 
posterior border; the triangular surface above this ridge receives the insertion of 
the Anconeus muscle, while the upper part of the ridge itself affords attachment 
to the Supinator brevis. The surface of bone below this is subdivided by a 
longitudinal ridge, sometimes called the perpendicular line, into two parts: the 
internal part is smooth, and covered by the Extensor carpi ulnaris ; the external 
portion, wider and rougher, gives origin from above downwards to part of the 
Supinator brevis, the Extensor ossis metacarpi pollicis, the Jaxiensor longus 
pollicis, and the Extensor indicis muscles. 

The internal surface is broad and concave above, narrow and convex helow 
It gives origin by its upper three-fourths to the Flexor profundus digitorum 
muscle: its lower fourth is subcutaneous. 

The Lower Extremity of the ulna is of small size, and excluded from the 
articulation of the wrist-joint. It presents for examination two eminences, the 
outer and larger of which is a rounded, articular eminence, termed the head ol 
the ulna; the inner, narrower and more projecting, is a non-articttlar eminence, 
the styloid process. The head presents an articular facet, part of which, of an oval 
or semilunar form, is directed downwards, and articulates with the upper surface 
of the interarticular fibro-cartilage which separates it from the wrist-joine ; the 
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remaining portion, directed outwards, is narrow, convex, and received into the 

sigmoid cavity of the radius. The styloid process projects from the inner and 

back part of the bone, and descends a little lower than the head, terminating 1n 

a rounded summit, which affords attachment to the internal lateral ligament of 

the wrist. The head is separated from the 

Fre. 293.—Plan of the development styloid process by a depression for the attach- 

of the ulna, By three centres, ment of the apex of the triangular interarticu- 

lar fibro-cartilage ; and behind, by a shallow 

Joins shaft at  8roove for the passage of the tendon of the 
sixteenth year Extensor carpi ulnaris. 

Structure.—Similar to that of the other 
long bones. 

Development.—By three centres: one for 
the shaft, one for the inferior extremity, and 
one for the olecranon (fig. 293). Ossification 
commences near the middle of the shaft about 
the eighth week, and soon extends through 
the greater part of the bone. At birth the 
ends are cartilaginous. About the fourth year, 
a separate osseous nucleus appears in the 
middle of the head, and soon extends into 
the styloid process. About the tenth year, 
ossific matter is depositedin the olecranon near 
its extremity, the chief part of this process 
being formed from an extension of the shaft 
of the bone into it. The upper epiphysis is 
joined to the shaft about the sixteenth year, 
the lower about the twentieth year. 

Articulations. — With the humerus and 


Olecranon 
Appears at nmi 
tenth year =f or 







Appears at £ Hi Joins shaft at radius. 
fourth year twentieth year Attachment of Muscles.—To fourteen : to 
a the olecranon, the Triceps, Anconeus, and one 
Inferior extremity head of the Flexor carpi ulnaris. To the 


coronoid process, the Brachialis anticus, Pro- 

nator radii teres, Flexor sublimis digitorum, and Flexor profundus digitorum ; 

; E also the Flexor longus pollicis. To the shaft, the Flexor profundus 

igitorum, Pronator quadratus, Flexor carpi ulnaris, Extensor carpi ulnaris, 

Anconeus, Supinator brevis, Extensor ossis metacarpi pollicis, Extensor longus 
pollicis, and Extensor indicis. 


Surface Form.—The most prominent part of the ulna on the surface of the body is 
the olecranon process, which can always be identified at the back of the elbow-joint. When 
the forearm is flexed, the upper quadrilateral surface can be felt, directed backwards ; during 
extension it recedes into the olecranon fossa, and the contracting fibres of the Triceps 
prevent its being perceived. At the back of the olecranon is the smooth, triangular, 
subcutaneous surface, continuous below with the posterior border of the shaft of the bone, 
and felt in every position of the forearm. During extension, the upper border of the 
olecranon is slightly above the level of the internal epicondyle, and the process itself is 
nearer to this epicondyle than the outer one. Running down the back of the forearm, from 
the apex of the triangular surface which forms the posterior surface of the olecranon, is a 
prominent ridge of bone, the posterior border of the ulna. This can be made out throughout 
the entire length of the shaft of the bone, from the olecranon above to the styloid process 
below. As it passes down the forearm it pursues a sinuous course and inclines to the 
inner side, so that, though it is situated in the middle of the back of the limb above, it is 
on the inner side of the wrist at its termination. It becomes rounded off in its lower 
third, and may be traced below to the small, subcutaneous surface of the styloid process. 
Internal to this border the lower fourth of the inner surface is to be felt. The styloid 
process presents itself as a prominent tubercle of bone, continuous above with the posterior 
subcutaneous border of the ulna, and terminating below in a blunt apex, which lies a little 
internal, and behind, but on a level with, the wrist-joint. The styloid process is best per- 
ceived when the hand is in the same line as the bones of the forearm, and in a position 
midway between supination and pronation. If the forearm is pronated while the finger is 
placed on the process, it will be felt to recede, and another prominence of bone will appear 
just behind and above it. This is the head of the ulna, which articulates with the lower 
end of the radius and the triangular interarticular fibro-cartilage, and now projects between 
the tendons of the Extensor carpi ulnaris and the Extensor minimi digiti muscles. 
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THE Rapivus 


The Radius (radius, a ray, or spoke of a wheel) is situated on the outer side of 
the forearm, lying side by side with the ulna, which exceeds it in length and size 
(figs. 291, 292). Its upper end is small, and forms only a slight part of the 
elbow-joint ; but its lower end is large, and forms the chief part of the wrist. 
It is a long bone, prismatic in form, slightly curved longitudinally, and, like other 
long bones, has a shaft and two extremities. 

The Upper Extremity presents a head, neck, and tuberosity. The head is of a 
cylindrical form, depressed on its upper surface into a shallow cup which articu- 
lates with the capitellum or radial head of the humerus. In the recent state it 
is covered with a layer of cartilage, which is thinnest at its centre. Around the 
circumference of the head is a smooth, articular surface, broad internally where 
it articulates with the lesser sigmoid cavity of the ulna; narrow in the rest of its 
circumference, where it rotates within the orbicular ligament. It is coated with 
cartilage in the recent state. The head is supported on a round, smooth, and 
constricted portion of bone, called the neck, which presents, behind, a slight ridge, 
for the insertion of part of the Supinator brevis. Beneath the neck, at the inner 
and front aspect of the bone, is a rough eminence, the bicipital tuberosity. Its 
surface is divided into two parts by a vertical line—a posterior, rough portion, 
for the insertion of the tendon of the Biceps muscle; and an anterior, smooth 
portion, on which a bursa is interposed between the tendon and the bone. 

The Shaft of the bone is prismoid in form, narrower above than below, and 
slightly curved, so as to be convex outwards. It presents three surfaces, 
separated by three borders. 

The anterior border extends from the lower part of the tuberosity above, to 
the anterior part of the base of the styloid process below. It separates the 
anterior from the external surface. Its upper third is very prominent; and from 
its oblique direction, downwards and outwards, has received the name of the 
oblique line of the radius. It gives insertion, externally, to the Supinator brevis ; 
internally, there arises from it the Flexor longus pollicis, and between these the 
Flexor sublimis digitorum. The middle third of the anterior border is indistinct 
and rounded. Its lower fourth is sharp, prominent, affords insertion to the 
Pronator quadratus and gives attachment to the posterior annular ligament of 
the wrist; it terminates in a small tubercle, into which is inserted the tendon 
of the Supinator longus. 

The posterior border commences above, at the back part of the neck of the 
radius, and terminates below, at the posterior part of the base of the styloid 
process ; ib separates the posterior from the external surface. It is indistinct 
above and below, but well marked in the middle third of the bone. 

The internal or interosseous border commences above, at the back part of the 
tuberosity, where it is rounded and indistinct ; it becomes sharp and prominent 
as it descends, and at its lower part divides into two ridges, which pass to the 
anterior and posterior margins of the sigmoid cavity. To the posterior of the 
two ridges the lower part of the interosseous membrane is attached, while the 
triangular surface betwéen the ridges gives insertion to part of the Pronator quad- 
ratus. This border separates the anterior from the posterior surface, and has the 
interosseous membrane attached to it throughout the greater part of its extent. 

The anterior surface is concave in its upper three-fourths, and gives origin 
to the Flexor longus pollicis muscle; it is broad and flat in its lower fourth, 
and gives insertion to the Pronator quadratus. A prominent ridge limits the 
attachment of the Pronator quadratus below, and between this and. the inferior 
border is a triangular rough surface for the attachment of the anterior ligament 
of the wrist-joint. At the junction of the upper and middle third of this surface 
is the nutrient foramen, which is directed obliquely upwards. 

The posterior surface is round, convex, and smooth in the upper third of 
its extent, and covered by the Supinator brevis muscle. Its middle third is 
broad, slightly concave, and gives origin to the Extensor ossis metacarpi pollicis 
above, the Extensor brevis pollicis below. Its lower third is broad, convex, 
and covered by the tendons of the muscles, which subsequently run in the 
grooves on the lower end of the bone. 

The external surface is round and convex throughout its entire extent. 
Its upper third gives insertion to the Supinator brevis muscle. About its 
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centre is seen a rough ridge, for the insertion of the Pronator radii teres muscle. 
Its lower part is narrow, and covered by the tendons of the Extensor ossis 
metacarpi pollicis and Extensor brevis pollicis muscles, 

The Lower Extremity of the radius is large, of quadrilateral form, and 
provided with two articular surfaces—one at the extremity, for articulation 
with the carpus, and one at the inner side of the bone, for articulation with 
the ulna. The carpal articular surface is triangular, concave, smooth, and 
divided by a slight antero-posterior ridge into two parts. Of these, the 
external is of a triangular form, and articulates with the scaphoid bone ; the 
inner, quadrilateral, articulates with the semilunar. The articular surface for 
the ulna is called the sigmoid cavity of the radius; it is narrow, concave, 
smooth, and articulates with the head of the ulna, These two articular surfaces 
are separated from each other by a prominent ridge, to which is attached the 
base of the triangular fibro-cartilage; a structure which serves to separate the 
carpal joint from the inferior radio-ulnar articulation. The circumference of 
this end of the bone presents three surfaces—an anterior, external, and posterior. 
The anterior surface, rough and irregular, affords attachment to the anterior 
ligament of the wrist-joint. The external surface is prolonged obliquely down- 
wards into a strong, conical projection, the styloid process, which gives attach- 
ment by its base to the tendon of the Supinator longus, and by its apex to 
the external lateral ligament of the wrist-joint. The outer surface of this 
process is marked by a flat groove, which runs obliquely downwards and 
forwards, and gives passage to the tendons of the Extensor ossis metacarpi 
pollicis, and the Extensor brevis pollicis. The posterior surface is convex, 
affords attachment to the posterior ligament of the wrist, and is marked by 
three grooves. Proceeding from without inwards, the first groove is broad, 

but shallow, and subdivided into two by a 
Fre. 294.—Plan of the development of slight ridge: the outer of these two trans- 


the radius. By three centres. mits the tendon of the Extensor carpi 

Head radialis longior, the inner the tendon of 
Appears at rime, Unites with shaft the Extensor carpi radialis brevior. The 
Fifth year “Needing? «bout puberty second, which is near the centre of the bone, 





is a deep but narrow groove, bounded on 
its outer side by a sharply defined ridge ; 
it is directed obliquely from above, down- 
wards and outwards, and transmits the 
tendon of the Extensor longus pollicis. 
The third, lying most internally, is a broad 
groove, for the passage of the tendons of 
the Extensor indicis and Extensor com- 
munis digitorum. 

Structure—Similar to that of the other 
long bones. 

Development (fig. 294). —— By three 
centres: one for the shaft, and one for 
each extremity. That for the shaft makes 
its appearance near the centre of the bone, 
during the eighth week of fetal life. About 
the end of the second year, ossification 
commences in the lower end; and at 
the fifth year, in the upper end. At the 


XUnites with shaft age of seventeen or eighteen the upper 


bout twentreth : as 
cian ven“ epiphysis becomes joined to the shaft; the 


Lower extremity lower epiphysis becoming united during 
the twentieth year. 

Articulations.—With four bones: the humerus, ulna, scaphoid, and semi- 
lunar. 

Attachment of Muscles.—To nine: to the tuberosity, the Biceps; to the 
oblique ridge, the Supinator brevis, Flexor sublimis digitorum, and Flexor 
longus pollicis; to the shaft (its anterior surface), the Flexor longus pollicis 
and Pronator quadratus; (its posterior surface), the Extensor ossis metacarpi 
pollicis and Extensor brevis pollicis; (its outer surface), the Pronator radii 
teres; and to the styloid process, the Supmator longus. 


Appears at. goat 
second year | = 
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Surface Form.—Below, and a little in front of, the posterior surface of the external 
condyle a part of the head of the radius may be felt, covered by the orbicular and 
external lateral ligaments. There is in this situation a little dimple in the skin, which is 
most visible when the arm is extended, and which marks the position of the head of the 
bone. If the finger is placed on this dimple, and the semifiexed forearm pronated and 
supinated, the head of the bone will be distinctly perceived rotating in the lesser sigmoid 
cavity. The upper half of the shaft of the radius cannot be felt, as it is surrounded by 
the fleshy bellies of tho muscles arising from the external condyle. The lower half of the 
shaft can be readily examined, though covered by tendons and muscles and not strictly 
subcutaneous. If traced downwards, the shaft will be felt to terminate in a lozenge- 
shaped, convex surface on the outer side of the base of the styloid process. This is the 
only subcutaneous part of the bone, and from its lower extremity the apex of the styloid 
process will be felt bending inwards towards the wrist. About the middle of the posterior 
aspect of the lower extremity of the bone is a well-marked ridge, the dorsal radial 
tubercle, best perceived when the hand is slightly flexed on the wrist. It forms the 
outer boundary of the oblique groove on the posterior surface of the bone, through which 
the tendon of the Extensor longus pollicis runs, and serves to keep that tendon in its 
place. 

Surgical Anatomy.—Cases of congenital absence, either partial or complete, of both 
radius and ulna, have been recorded. Absence of the radius is not uncommonly accom- 
panied by absence of the thumb. The two bones of the forearm are more often broken 
together, than is either the radius or ulna separately. It is therefore convenient to con- 
sider the fractures of both bones in the first instance and subsequently to mention the 
principal fractures which take place in each bone. These fractures may be produced 
by either direct or indirect violence, though more commonly by direct violence. When 
indirect force is applied to the forearm the radius as a rule alone gives way, though both 
bones may suffer. The fracture from indirect force generally takes place somewhere 
about the middle of the bones, fracture from direct violence may occur at any part, more 
often, however, in the lower half of the bones. The fracture is usually transverse, but may 
be more or less oblique. A point of interest in connection with these fractures is the 
tendency that there is for the two bones to unite across the interosseous membrane; the 
limb should therefore be put up in a position midway between supination and pronation, 
which is not only the most comfortable position, but also separates the bones most widely 
from each other and therefore diminishes the risk of the bones becoming united across the 
interosseous membrane. The splints, anterior and posterior, which are applied in these 
cases should be rather wider than the limb, so as to prevent any lateral pressure on the 
bones. In these cases there is a greater liability to gangrene from the pressure of the 
splints than in other parts of the body. This is no doubt due principally to two causes: 
(1) the flexion of the forearm compressing to a certain extent the brachial artery and 
retarding the flow of blood to the limb; and (2) the superficial position of the two main 
arteries of the forearm in a part of their course, and their liability to be compressed by the 
splints. The special fractures of the ulna are: (1) fracture of the olecranon. This is 
usually caused by direct violence, as in falls on the elbow with the forearm flexed, but 
occasionally by muscular action by the sudden contraction of the Triceps. The most 
common place for the fracture to occur is at the constricted portion where the olecranon 
joins the shaft of the bone, and the fracture may be either transverse or oblique; but any 
part may be broken, and even a thin shell may be torn off. Fractures from direct 
violence are occasionally comminuted. The displacement is sometimes very slight, owing 
to the fibrous structures around the process not being torn. (2) Fracture of the coronoid 
process may occur as a complication of dislocation backwards of the bones of the 
forearm, but it is doubtful if it ever occurs as an uncomplicated injury. (3) Fractures of 
the shaft of the ulna may occur at any part, but usually take place at the middle of the 
bone or a little below it. They are generally the result of direct violence, but may occur 
as a complication of dislocation of the radius. (4) The styloid process may be knocked off 
by direct violence. Fractures of the radius consist of (1) fracture of the head of the bone ; 
this for the most part takes place in conjunction with some other lesion, but may occur 
as an uncomplicated injury. (2) Fracture of the neck may also take place, but is usually 
complicated with other injury. (3) Fractures of the shaft of the radius are very common, 
and may take place at any part of the bone. They may be caused either by direct or 
indirect violence. In fractures of the upper third of the shaft of the bone—that is to say, 
above the insertion of the Pronator radii teres—the displacement is very great. The upper 
fragment is strongly supinated by the Biceps and Supinator brevis, and flexed by the Biceps; 
while the lower fragment is pronated and drawn towards the ulna by the two pronators. 
If such a fracture is put up in the ordinary position, midway between supination and pro- 
nation, the fracture will unite with the upper fragment in a position of supination, and the 
lower one in the mid-position, and thus considerable impairment of the movements of the 
hand will result. The limb should be put up with the forearm supinated. (4) The most 
important fracture of the radius is that of the lower end (Colles’s fracture), The fracture 
is transverse, and generally takes place about an inch from the lower extremity. It is 
caused by falls on the palm of the hand, and is an injury of advanced life, occurring more 
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Fie. 295.—Bones of the left hand. Dorsal surface. 
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Fic. 296.—Bones of the left hand. Palmar surface. 
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frequently in the female than in the male. In consequence of the manner in which the 
fracture is caused, the upper fragment becomes driven into the lower, and impaction is the 
result; excess of violence may, however, disimpact ; the lower fragment becoming split up 
into two or more pieces, so that no fixation occurs. Separation of the lower epiphysis of 
the radius may take place in the young. This injury and Golles’s fracture may be 
distinguished from other injuries in this neighbourhood—especially dislocation, with which 
it is liable to be confounded—by observing the relative positions of the styloid processes 
of the ulna and radius. In the natural condition of parts, with the arm hanging by the 
side, the styloid process of the radius is on 8 lower level than that of the ulna: that is 
to say, nearer the ground. After fracture or separation of the epiphysis this process is on 
the same or on a higher level than that of the ulna, whereas it would be unaltered in 


position in dislocation. 


THE HAND 


The skeleton of the Hand is subdivided into three segments—the Carpus or 
wrist bones; the Metacarpus or bones of the palm; and the Phalanges or bones 
of the digits. 


THE CARPUS 


The bones of the Carpus (xaprés, the wrist), eight in number, are arranged in 
two rows. Those of the upper row, enumerated from the radial to the ulnar 
side, are the scaphoid, semilunar, cuneiform, and pisiform ; those of the lower 
row, enumerated in the same order, are the trapezium, trapezoid, os magnum, 
and unciform. 


COMMON CHARACTERS OF THE CARPAL BONES 


Each bone (excepting the pisiform) presents six surfaces. Of these the 
anterior or palmar and. the posterior or dorsal are rough, for ligamentous attach- 
ment; the dorsal surface being the broader, except in the scaphoid and semi- 
lunar. The superior or proximal and inferior or distal are articular, the superior 
generally convex, the inferior concave ; and the internal and external are also 
articular when in contact with contiguous bones, otherwise rough and tubercular. 
The structure in all is similar, consisting of cancellous tissue enclosed in a 
layer of compact bone. Each bone is also developed from a single centre of 
ossification. 


BONES OF THE UPPER Row 


ScaPHoip (fig. 297) 


The Seaphoid is the largest bone of the first row. It has received its name 
from its fancied resemblance to a boat, being broad at one end, and narrowed, 
like a prow, at the opposite (cxady, a boat; elôos, like), It is situated at the 
upper and outer part of the carpus, its long axis being from above downwards, 
outwards, and forwards. The superior surface is convex, smooth, of triangular 
shape, and articulates with the lower end of the radius. The inferior surface, 


Fre. 297.—The left scaphoid. 
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directed downwards, outwards, and backwards, is smooth, convex, also triangular, 
and divided by a slight ridge into two parts, the external of which articulates 
with the trapezium, the inner with the trapezoid. The posterwr or dorsal surface 
presents a narrow, rough groove, which runs the entire length of the bone, and 
serves for the attachment of ligaments. The anterior or palmar surface is concave 
above, and elevated at its lower and outer part into a prominent, rounded pro- 
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jection, called the tuberosity, which projects forwards from the front of the carpus 
and gives attachment to the anterior annular ligament of the wrist and sometimes 
origin to a few fibres of the Abductor pollicis. The external surface is rough and 
narrow, and gives attachment to the external lateral ligament of the wrist. The 
internal surface presents two articular facets ; of these, the superior or smaller is 
flattened, of semilunar form, and articulates with the semilunar; the inferior or 
larger is concave, forming, with the semilunar bone, a concavity for the head of 
the os magnum. 

To ascertain to which hand the bone belongs, hold it with the superior or 
radial, convex, articular surface upwards, and the posterior surface—i.e. the 
narrow, non-articular, grooved surface—towards you. The tubercle on the outer 
surface points to the side to which the bone belongs.* 

Articulations.— With five bones: the radius above, trapezium and trapezoid 
below, os magnum and semilunar internally. 

Attachment of Muscles.—Occasionally a few fibres of the Abductor pollicis. 


SEMILUNAR (fig. 298) 


The Semilunar bone may be distinguished by its deep concavity and crescentic 
outline (semi, half; luna, moon). It is situated in the centre of the upper row 
of the carpus, between the scaphoid and cuneiform. The superior surface, convex, 
smooth, and bounded by four edges, 


articulates with the radius. The Fig. 298.—The left semilunar. 
inferior surface is deeply concave, T 
and of greater extent from before G i rus kiM 


backwards than transversely: it 
articulates with the head of the os 
magnum, and, by a long, narrow 
facet (separated by a ridge from 
the general surface), with the unci- 
form bone. The anterior or palmar 
and posterior or dorsal surfaces are For unciform For os magnum 

rough, for the attachment of liga- 

ments, the former being the broader, and of a somewhat rounded form. The 
external surface presents a narrow, flattened, semilunar facet for articulation 
with the scaphoid. The internal surface is marked by a smooth, quadrilateral 
facet, for articulation with the cuneiform. 

Hold it with the convex articular surface for the radius upwards, and the 
narrowest non-articular surface towards you. The semilunar facet for the 
scaphoid will be on the side to which the bone belongs. 

Articulations.—With five bones: the radius above, os magnum and unciform 
below, scaphoid and cuneiform on either side. 





tld 


For scaphoid 





CuNEIFOoRM (fig. 299) 


The Cuneiform (cuneus, a wedge; forma, likeness) may be distinguished by its 
pyramidal shape (os triquetrum), and by its having an oval, isolated facet for 
articulation with the pisiform bone. It is situated 


at the upper and inner side of the carpus. The Fie. 299. 
superior surface presents an internal, rough, non- The left cuneiform. 
articular portion, and an external or articular por- "N E 
tion, which is convex, smooth, and articulates with Or MAOT a 





the triangular interarticular fibro-cartilage of the PENE 
wrist. The inferior surface, directed outwards, is 
concave, sinuously curved, and smooth for articula- 
tion with the unciform. The posterior or dorsal 
surface is rough for the attachment of ligaments. For unciform 

The anterior or palmar surface presents, at its inner . 

side, an oval facet, for articulation with the pisiform; and is rough externally, 


* In these directions each bone is supposed to be placed in its natural position—that 
is, such a position as it would occupy when the arm is hanging by the side, the forearm 
in a position of supination, the thumb being directed outwards and the palm of the hand 
looking forwards. 
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for ligamentous attachment. The external surface, the base of the pyramid, 
is marked by a flat, quadrilateral, smooth facet, for articulation with the semi- 
lunar. The internal surface, the summit of the pyramid, is pointed and roughened, 
for the attachment of the internal lateral ligament of the wrist. 

Hold the bone with the surface supporting the pisiform facet away from 
you, and the concavo-convex surface for the unciform downwards. The base 
of the wedge (i.e. the broad end of the bone) will be on the side to which it 
belongs. = l 

Articulations. —With three bones: the semilunar externally, the pisiform in 
front, the unciform below ; and with the triangular, interarticular fibro-cartilage 
which separates it from the lower end of the ulna. 


PisiForM (fig. 300) 


The Pisiform (pisum, a pea ; forma, likeness) may be known by its small size, 

and by its presenting a single articular facet. It is situated on a plane anterior 

to the other bones of the carpus; it is spheroidal in form, 

Fi. 300. with its long diameter directed vertically. Its posterior 

The left pisiform. Surface presents a smooth, oval facet, for articulation with 

the cuneiform: this facet approaches the superior, but not 

For cuneiform the inferior, border of the bone. The anterior or palmar 

surface is rounded and rough, and gives attachment to the 

anterior annular ligament and to the Flexor carpi ulnaris 

and Abductor minimi digiti muscles. The outer and inner 

surfaces are also rough, the former being concave, the 
latter usually convex. 

Hold the bone with the posterior surface-—that which presents the articular 
facet—towards you, in such a manner that the faceted portion of the surface is 
uppermost. The outer, concave surface will point to the side to which it belongs. 

Articulation.—With one bone, the cuneiform. 

Attachment of Muscles—To two: the Flexor carpi ulnaris and Abductor 
minimi digiti; and to the anterior annular ligament. 





BONES OF THE LOWER Row 


TRAPEZIUM (fig. 301) 


The Trapezium (rpazefa, a table) is of very irregular form. It may be distin- 
guished by a deep groove, for the tendon of the Flexor carpi radialis muscle. 
It is situated at the external and inferior part of the carpus, between the scaphoid 
and first metacarpal bone. The superior surface is directed upwards and in- 
wards ; internally, itis smooth, and articulates with the scaphoid ; externally, it is 


Fig. 301.—The left trapezium. 
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For 1st metacarpal 
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rough, and becomes continuous with the external surface. The inferior surface, 
directed downwards and inwards, is oval, concave from side to side, convex from 
before backwards, so as to form a saddle-shaped surface, for articulation with 
the base of the first metacarpal bone. The anterior or palmar surface is narrow 
and rough. At its upper part is a deep groove, running from above obliquely 
downwards and inwards: it transmits the tendon of the Flexor carpi radialis 
and is bounded externally by a prominent ridge, the oblique ridge of the trape- 
zium. This surface gives origin to the Abductor pollicis, Opponens pollicis, and 
Flexor brevis pollicis muscles, and also affords attachment to the anterior annular 
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ligament. The posterior or dorsal surface is rough. The external surface is also 

broad and rough, for the attachment of ligaments. The internal surface presents 

two articular facets: the upper one, large and concave, articulates with the 

ga ; the lower one, small and oval, with the base of the second metacarpal 
one. 

Hold the bone with the saddle-shaped surface downwards and the grooved 
surface away from you. The prominent, rough, non-articular surface points to 
the side to which the bone belongs. 

Articulations.—-With four bones: the scaphoid above, the trapezoid and 
second metacarpal bones internally, the first metacarpal below. 

Attachment of Muscles——Abductor pollicis, Opponens pollicis, and part of 
the Flexor brevis pollicis. 


TRAPEZOID (fig. 302) 


The Trapezoid is the smallest bone in the second row. It may be known by 
its wedge-shaped form, the broad end of the wedge forming the dorsal, the narrow 
end the palmar. surface ; and by its having four articular surfaces touching each 
other, and separated by sharp eS 
The superior surface, quadrilateral Fie. 302.—The left trapezoid. 
in form, smooth, and slightly con- 
cave, articulates with the scaphoid. 
The inferior surface articulates with 
the upper end of the second meta- 
carpal bone; it is convex from side 
to side, concave from before back- By 
wards, and subdivided, by an ele- For os magnum N 
vated ridge, into two unequal lateral Post. surface For 2nd metacarpal 
facets. The posterior or dorsal and 
anterior or palmar surfaces are rough, for the attachment of ligaments, the former 
being the larger of the two. The external surface, convex and smooth, articulates 
with the trapezium. The internal surface is concave and smooth in front, for 
articulation with the os magnum; rough behind, for the attachment of an 
interosseous ligament. 

Hold the bone with the larger, non-articular surface towards you, and the 
smooth, quadrilateral articular surface upwards. The convex, articular surface 
will point to the side to which the bone belongs.* 

Articulations.— With four bones: the scaphoid above, second metacarpal bone 
below, trapezium externally, os magnum internally. 


For scaphoid Ant. surface For trape- 
n ? 


ZLUm 











Os Maanum (fig. 303) 


The Os Magnum is the largest bone of the carpus, and occupies the centre of 
the wrist. It presents, above, a rounded portion or head, which is received into 


Fie. 303.—The left os magnum. 


For semilunar 





T | For 4th meta- ” 
For 2nd metacarpal pan Saep carpal Anterior surface 


the concavity formed by the scaphoid and semilunar bones ; a constricted portion 
or neck; and below this, the body. The superior surface is round, smooth, and 


* Occasionally ina badly marked bone there is some difficulty in ascertaining to which 
side this bone belongs; the following method will sometimes be found useful. Hold the 
bone with its broader, non-articular surface upwards, so that its sloping border is directed 
towards you. The border will slope to the side to which the bone belongs. 
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articulates with the semilunar. The inferior surface is divided by two ridges 
into three facets, for articulation with the second, third, and fourth metacarpal 
bones, that for the third (the middle facet) being the largest of the three. The 
posterior or dorsal surface is broad and rough ; the anterior or palmar, narrow, 
rounded, and also rough, for the attachment of ligaments and a part of the 
Adductor obliquus pollicis. The external surface articulates with the trapezoid 
by a small facet at its anterior inferior angle, behind which is a rough depression 
for the attachment of an interosseous ligament. Above this is a deep and rough 
groove, which forms part of the neck, and serves for the attachment of liga- 
ments, bounded superiorly by a smooth, convex surface, for articulation with the 
scaphoid. The internal surface articulates with the unciform by a smooth, con- 
cave, oblong facet, which occupies its posterior and superior parts; and is rough 
in front, for the attachment of an interosseous ligament. 

Hold the bone with the broader, non-articular surface towards you, and the 
head upwards. The small, articular facet at the anterior inferior angle of the 
external surface will point to the side to which the bone belongs. 

Articulations.—With seven bones: the scaphoid and semilunar above ; the 
second, third, and fourth metacarpal bones below ; the trapezoid on the radial 
side ; and the unciform on the ulnar side. 

Attachment of Muscles.—Part of the Adductor obliquus pollicis. 


Uncrroro (fig. 304) 


The Unciform (uncus, a hook; forma, likeness) may be readily distinguished 
by its wedge-shaped form, and the hook-like process which projects from its palmar 
surface. It is situated at the inner and lower angle of the carpus, with its base 
downwards, resting on the two inner metacarpal bones, and its apex directed 
upwards and outwards. The superior surface, the apex of the wedge, is narrow, 
convex, smooth, and articulates with the semilunar. The inferior surface articu- 
lates with the fourth and fifth metacarpal bones, the concave surface for each 
being separated by a ridge, which runs from before backwards. The posterior or 
dorsal surface is triangular and rough, for ligamentous attachment. The anterior 
or palmar surface presents, at its lower and inner side, a curved, hook-like 
process of bone, the wnciform process, directed from the palmar surface forwards 
and outwards. It gives attachment, by its apex, to the annular ligament and 
the Flexor carpi ulnaris ; by its inner surface to the Flexor brevis minimi digiti 
and the Opponens minimi digiti ; and is grooved on its outer side, for the passage 


Fie. 304.—The left unciform. 
For semilunar 











For os magnum 
— For cuneiform 


For 4th metatarsal 


Uncifurm process For sth metatarsal 


of the Flexor tendons into the palm of the hand. This is one of the four 
eminences on the front of the carpus to which the anterior annular ligament is 
attached ; the others being the pisiform internally, the oblique ridge of the 
trapezium and the tuberosity of the scaphoid externally. The internal surface 
articulates with the cuneiform by an oblong facet, cut obliquely from above, down- 
wards and inwards. The external surface articulates with the os magnum by its 
upper and posterior part, the remaining portion being rough, for the attachment 
of ligaments. 

Hold the bone with the hooked process away from you, and the articular 
surface, divided into two parts for the metacarpal bones, downwards. The con- 
eavity of the process will be on the side to which the bone belongs. 

Articulations —With five bones: the semilunar above, the fourth and fifth 
metacarpal below, the cuneiform internally, the os magnum externally. 

Attachment of Muscles—To three: the Flexor brevis minimi digiti, the 
Opponens minimi digiti, the Flexor carpi ulnaris. 
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THE METACARPUS 


The Metacarpal Bones are five in number: they are long cylindrical bones, 
presenting for examination a shaft and two extremities. 


ComMon CHARACTERS OF THE METACARPAL BONES 


The shaft is prismoid in form, and curved longitudinally, so as to be convex 

in the longitudinal direction behind, concave in front. It presents three surfaces : 
two lateral and one posterior. The lateral surfaces are concave, for the attach- 
ment of the Interossei muscles, and separated from one another by a prominent 
anterior ridge. The posterior or dorsal surface presents in its distal half a smooth, 
triangular, flattened area which is covered, in the recent state, by the tendons of 
the Extensor muscles. This triangular surface is bounded by two lines, which 
commence in small tubercles situated on the dorsal aspect on either side of the 
digital extremity, and, running backwards, converge to meet some distance behind 
the centre of the bone and form a ridge which runs along the rest of the dorsal 
surface to the carpal extremity. This ridge separates two lateral, sloping surfaces 
for the attachment of the Dorsal interossei muscles.* To the tubercles on the 
digital extremities are attached the lateral ligaments of the metacarpo-phalangeal 
joints. 
The carpal extremity, or base, is of a cuboidal form, and broader behind than 
in front: it articulates above with the carpus, and on each side with the adjoining 
metacarpal bones ; its dorsal and palmar surfaces are rough, for the attachment 
of tendons and ligaments. 

The digital extremity, or head, presents an oblong surface markedly convex 
from before backwards, less so from side to side, and flattened laterally ; 
it articulates with the proximal phalanx; it is broader, and extends farther 
forwards, on the palmar than on the dorsal aspect. It is longer in the antero- 
posterior than in the transverse diameter. On either side of the head is a tubercle 
for the attachment of the lateral ligament of the metacarpo-phalangeal joint. 
The posterior surface, broad and fiat, supports the Extensor tendons ; the anterior 
surface is grooved in the middle line for the passage of the Flexor tendons and 
marked on each side by an articular eminence continuous with the terminal 


articular surface. 
PECULIAR CHARACTERS OF THE METACARPAL BONES 


The metacarpal bone of the thumb (fig. 305) is shorter and stouter than the 
rest, diverges to a greater degree from the carpus, and its palmar surface is 
directed inwards towards the palm. The shaft 
is flattened and broad on its dorsal aspect, and Fie. 305.—The first metacarpal. 
does not present the ridge which is found on the (Left.) 
other metacarpal bones ; it is concave from above ie 
downwards, on its palmar surface. On its outer 
border is inserted the Opponens pollicis muscle, 
while its inner border gives origin to the outer 
head of the First dorsal interosseous muscle. 
The carpal extremity, or base, presents a concavo- 
convex surface, for articulation with the trape- 
zium; it has no lateral facets, but presents 
externally a tubercle for the insertion of the 
Extensor ossis metacarpi pollicis. The digital 
extremity is less convex than that of the other 
metacarpal .bones, broader from side to side 
than from before backwards. It presents on its 
palmar aspect two distinct articular eminences 
for the two sesamoid bones in the tendons of 
the Flexor brevis pollicis; the outer one being For trapezium = For trapezium 
the larger of the two. 

The side to which this bone belongs may be known by holding it in the 
position it occupies in the hand, with the carpal extremity upwards and the 


** By these sloping surfaces the metacarpal bones of the hand may be at once distin- 
guished from the metatarsal bones of the foot. 
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dorsal surface backwards; the tubercle for the Extensor ossis metacarpi pollicis 
will point to the side to which it belongs. | = 

Attachment of Muscles.—To four: the Opponens pollicis, the Extensor ossis 
metacarpi pollicis, the Flexor brevis pollicis, and the First dorsal interosseous. 

The metacarpal bone of the index finger (fig. 306) is the longest, and its base 
the largest, of the four remaining bones. Its carpal extremity is prolonged upwards 
and inwards, forming a prominent ridge. The dorsal and palmar surfaces of this 
extremity are rough, for the attachment of tendons and ligaments. It presents 
four articular facets : three on the upper aspect of the base; the middle one of the 
three is the largest, concave from side to side, convex from before backwards 
for articulation with the trapezoid; the external one is a small, flat, oval facet, 
for articulation with the trapezium ; the internal one, on the summit of the ridge, 
is long and narrow, for articulation with the os magnum. The fourth facet is on 
the inner or ulnar side of the extremity of the bone, and is for articulation with 
the third metacarpal bone. 

The side to which this bone belongs is indicated by the absence of the lateral 
facet on the outer (radial) side of its base, so that if the bone is placed with its 


Fig. 306.—The second metacarpal. Fic. 307.—The third metacarpal. 
(Left.) (Left.) 
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base towards the student, and the palmar surface upwards, the side on which 
there is no lateral facet will be that to which it belongs. 

Attachment of Muscles.—To six: Flexor carpi radialis, Extensor carpi radialis 
longior, Adductor obliquus pollicis, First and Second dorsal interossei, and First 
palmar interosseous. 

The metacarpal bone of the middle finger (fig. 307) isa little smaller than the 
preceding ; it presents a pyramidal eminence, the styloid process, on the radial 
side of its base (dorsal aspect), which extends upwards behind the os magnum ; 
immediately below this, on the dorsal aspect, is a rough surface for the attach- 
ment of the Extensor carpi radialis brevior. The carpal articular facet is 
concave behind, flat in front, and articulates with the os magnum. On the 
radial side is a smooth, concave facet for articulation with the second metacarpal 
bone, and on the ulnar side two small, oval facets, for articulation with the 
fourth metacarpal. 

The side to which this bone belongs is easily recognised by the styloid 
process on the radial side of its base. With the palmar surface uppermost, and 
the base towards the student, this process points towards the side to which the 
bone belongs. 


Attachment of Muscles.—To six: Extensor carpi radialis brevior, Flexor carpi 
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radialis, Adductor transversus pollicis, Adductor obliquus pollicis, and Second 
and Third dorsal interossei. 

The metacarpal bone of the ring-finger (fig. 308) is shorter and smaller than 
the preceding, and its base small and quadrilateral ; the carpal surface of the base 
presenting two facets, a large one externally for art.culation with the unciform, 
and a small one internally for the os magnum. On the radial side are two oval 
facets, for articulation with the third metacarpal bone; and on the ulnar side, a 
single concave facet, for the fifth metacarpal. 

If this bone is placed with the base towards the student, and the palmar 
surface upwards, the radial side of the base, which has two facets for articulation 
with the third metacarpal bone, will be on the side to which it belongs. If, as 
sometimes happens in badly marked bones, one of these facets is indistinguish- 
able, the side may be known by selecting the surface on which the larger articular 
facet is present. This facet is for the fifth metacarpal bone, and would therefore 
be situated on the ulnar side—that is, the one to which the bone does not 
belong. 

Attachment of Muscles.—To three: the Third and Fourth dorsal and Second 
palmar interossei. 


Fic. 308.—The fourth metacarpal. Fre. 309.—The fifth metacarpal. 
(Left.) (Left.) 





name For sth metacarpal For 4th meta- For cuneiform 


magnum For 3rd meta- For unctform carpal 
carpal 

The metacarpal bone of the little finger (fig. 309) presents on its base one 
facet, which is concavo-convex, and articulates with the unciform bone, and one 
lateral, articular facet on its radial side, which articulates with the fourth meta- 
carpal bone. On its ulnar side is a prominent tubercle, for the insertion of the 
tendon of the Extensor carpi ulnaris. The dorsal surface of the shaft is 
marked by an oblique ridge, which extends from near the ulnar side of the 
upper extremity to the radial side of the lower. The outer division of this 
surface serves for the attachment of the Fourth dorsal interosseous muscle ; the 
inner division is smooth, triangular, and covered by the Extensor tendons of 
the little finger. 

If this bone is placed with its base towards the student, and its palmar 
surface upwards, the side of the head which has a lateral facet will be that to 
which the bone belongs. 

Attachment of Muscles.—To five: the Extensor carpi ulnaris, Flexor carpi 
ulnaris, Opponens minimi digiti, Fourth dorsal, and Third palmar interossei. 

Articulations.—Besides the phalangeal articulations, the first metacarpal 
bone articulates with the trapezium ; the second with the trapezium, trapezoid, 
os magnum, and third metacarpal bone; the third with the os magnum, and 
second and fourth metacarpal bones ; the fourth with the os magnum, unciform, 
and third and fifth metacarpal bones; and the fifth with the unciform and fourth 
metacarpal bone. 

The first has no lateral facets on its carpal extremity ; the second has no 
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lateral facet on its radial side, but one on its ulnar side ; the third has one on its 
radial and two on its ulnar side; the fourth has two on its radial and one on Its 
ulnar side; and the fifth has one on its radial side only. 


THE PHALANGES 


The Phalanges (internodia) are the bones of the digits ; they are fourteen in 
number, three for each finger, and two for the thumb. They are long bones, 
and present for examination a shaft and two extremities. The shaft tapers from 
above downwards, is convex posteriorly, concave in front from above downwards, 
fat from side to side, and marked laterally by rough ridges, which give attach- 
ment to the fibrous sheaths of the Flexor tendons. The metacarpal extremity or 
base, in the first row presents an oval, concave, articular surface, broader from 
side to side than from before backwards ; and the same extremity in the other 
two rows, a double concavity, separated by a longitudinal median ridge, extending 
from before backwards. The digital extremities are smaller than the bases, 
and terminate, in the first and second rows, in two small, lateral condyles, 
separated by a slight groove; the. articular surface being prolonged farther on 
the palmar than on the dorsal surface, especially in the first row. 

The Ungual Phalanges are convex on their dorsal, flat on their palmar 
surfaces ; they are recognised by their small size, and by a roughened, elevated 
surface of a horse-shoe form on the palmar aspect of their ungual extremity, 
which serves to support the sensitive pulp of the finger. 

Articulations.—The first row with the metacarpal bones and the second row 
of phalanges; the second row with the first and third; the third with the 
second row. ‘ 

Attachment of Muscles.—To the base of the first phalanx of the thumb, five 
muscles: the Extensor brevis pollicis, Flexor brevis pollicis, Abductor pollicis, 
Adductor transversus and obliquus pollicis. To the second phalanx, two: the 
Flexor longus pollicis and the Extensor longus pollicis. To the base of the first 
phalanx of the index finger, the First dorsal and the First palmar interosseous ; 
to that of the middle finger, the Second and Third dorsal interosseous; to that of 
the ring-finger, the Fourth dorsal and the Second palmar interosseous ; and to 
that of the little finger, the Third palmar interosseous, the Flexor brevis minimi 
digiti, and Abductor minimi digiti. To the second phalanges, the Flexor sublimis 
digitorum, Extensor communis digitorum, and, in addition, the Extensor indicis 
to the index finger, the Extensor minimi digiti to the little finger. To the third 
phalanges, the Flexor profundus digitorum and Extensor communis digitorum. 


DEVELOPMENT OF THE Bones oF THE HAND 


The Carpal Bones are each developed by a single centre. At birth, they are 
all cartilaginous. Ossification proceeds in the following order (fig. 310) : In the 
os magnum and unciform an ossific point appears during the first year, the 
former preceding the latter ; in the cuneiform, at the third year jin the semilunar 
and trapezium, at the fifth year, the former preceding the latter ; 1n the scaphoid, 
at the sixth year; in the trapezoid, during the eighth year; and in the pisiform, 
about the twelfth year. 

Occasionally an additional bone, the os centrale, is found on the back of the 
carpus, lying between the scaphoid, trapezoid, and os magnum. During the 
second month of foetal life it is represented by a small cartilaginous nodule, 
which usually fuses with the cartilaginous scaphoid. Sometimes the styloid 
process of the third metacarpal is detached and forms an additional ossicle. 

The Metacarpal Bones are each developed by two centres: one for the shaft 
and one for the digital extremity of each of the four inner metacarpal bones ; one 
for the shaft and one for the base of the metacarpal bone of the thumb, which in 
this respect resembles the phalan ges.* It will be seen, therefore, that the so-called 


* Allen Thomson demonstrated the fact that the first metacarpal bone is often 
developed from three centres: that is to say, there is a separate nucleus for the distal end, 
forming a distinct epiphysis visible at the age of seven or eight years. He also states 
that there are traces of.a proximal epiphysis in the second metacarpal bone. Journal 
of Anatomy, 1869. 
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metacarpal bone of the thumb is ossified in the same manner as the phalanges, 
and this has led some anatomists to regard this digit as being made up of three 
phalanges, and not of a metacarpal bone and two phalanges. Ossification com- 
mences in the centre of the shaft about the eighth or ninth week, the centre for 
the first metacarpal bone being the last to appear, and gradually proceeds to 
either end of the bone; about the third year the digital extremities of the four 
inner metacarpal bones, and the base of the first metacarpal, begin to ossify, and 
they unite about the twentieth year. 

The Phalanges are each developed by two centres: one for the shaft, and 
one for the base. Ossification commences-in the shaft, in all three rows, at 
about the eighth week, and gradually involves the whole of the bone excepting 
the upper extremity. Ossification of the base commences in the first row 


Fie. 310.—Plan of the development of the hand. 
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between the third and fourth years, and a year later in those of the second and 
third rows. The two centres become united, in each row, between the eighteenth 
and twentieth years. 

In the ungual phalanges the centre for the shaft appears at the distal 
extremity of the phalanx, instead of at the middle of the shaft as is the case with 
the other phalanges. Moreover, of all the bones of the hand they are the first to 


begin to ossify. 


Surface Form.—On the front of the wrist are two subcutaneous eminences, one on the 
radial side, the larger and flatter, produced by the tuberosity of the scaphoid and the ridge 
on the trapezium ; the other on the ulnar side, caused by the pisiform bone, The tubercle 
of the scaphoid is to be felt just below and internal to the apex of the styloid process of the 
radius, between the tendons of the Extensor ossis metacarpi pollicis and the Flexor carpi 
radialis. It is best perceived by extending the hand on the forearm. Half an inch below 
this tubercle is to be felt another prominence, better marked than the tubercle; this is 
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the ridge on the trapezium, which gives attachment to some of the short muscles of the 
thumb. On the inner side of the front of the wrist the pisiform bone is to be felt, 
forming a small but prominent projection in this situation. It is some distance below 
the styloid process of the ulna, and may be said to be just below the level of the styloid 
process of the radius, and is crossed by the crease which separates the front of the 
forearm from the palm of the hand. The rest of the front of the carpus is covered by 
tendons and the annular ligament, and entirely concealed, with the exception of the 
hooked process of the unciform, which can only be made out with difficulty. The back 
of the carpus is convex and covered by the Extensor tendons, so that the posterior 
surface of the cuneiform is the only bone which can be felt. Below the carpus the dorsal 
surfaces of the metacarpal bones, except the fifth, are covered by tendons, and are only 
visible in very thin hands. The dorsal surface of the fifth is, however, subcutaneous 
throughout almost its whole length, and is plainly to be perceived and felt. In addition 
to this, slightly external to the middle line of the hand, is a prominence, frequently 
well marked, but occasionally indistinct, formed by the styloid process of the metacarpal 
bone of the middle finger. This prominence is in the same line as the dorsal radial 
tubercle, and is an inch and a half vertically above it. The heads of the metacarpal bones 
are plainly to be felt and seen, rounded in contour and standing out in bold relief under 
the skin, when the fist is clenched. It should be borne in mind that when the fingers 
are flexed on the hand, the articular surfaces of the first phalanges glide off the heads 
of the metacarpal bones on to their anterior surfaces; so that the heads of these ‘bones 
form the prominence of the knuckles and receive the force of any blow which may be 
given. The head of the third metacarpal bone is the most prominent, and receives the 
greater part of the shock of the blow. This bone articulates with the os magnum, so 
that the concussion is carried through this bone to the scaphoid and semilunar, with 
which the head of the os magnum articulates, and by these bones is transferred to the 
radius, along which it may be carried to the capitellum of the humerus. The enlarged 
extremities of the phalanges are to be plainly felt : they constitute the joints of the fingers. 
When the digits are bent, the proximal phalanges of the joints form prominences, which 
in the joint between the first and second phalanges are slightly hollowed, in accordance 
with the grooved shape of their articular surfaces, while in the last row the prominence is 
flattened and square-shaped. In the palm of the hand the four inner metacarpal bones 
are covered by muscles, tendons, and the palmar fascia, and no part of them but their 
heads is to be distinguished. With regard to the thumb, on the dorsal aspect, the base of 
the metacarpal bone forms a prominence, below the styloid process of the radius; the 
shaft is to be felt, covered by tendons, terminating at its head in a flattened prominence, 
in front of which can be felt the sesamoid bones. 

Surgical Anatomy.—The carpal bones are little liable to fracture, except from extreme 
violence, when the parts are so comminuted as to necessitate amputation. Occasionally 
they are the seat of tuberculous disease. The metacarpal bones and the phalanges are 
sometimes broken from direct violence. The first metacarpal bone is the one most com- 
monly fractured, then the second, the fourth and the fifth, the third being the one least 
frequently broken. There are two diseases of the metacarpal bones and phalanges which 
require special mention on account of their constant occurrence. One is tuberculous 
dactylitis, consisting in a deposit of tuberculous material in the medullary canal, expansion 
of the bone, with subsequent caseation and resulting necrosis, The other is chondroma, 
which is perhaps more commonly found in connection with the metacarpal bones and 
phalanges than with any other bones. The tumours are usually multiple, and may 
spring either from the medullary canal, or from the periosteum. 


THE LOWER EXTREMITY 


The bones of the lower extremity consist of those of the pelvic girdle, of the 
thigh, of the leg, and of the foot. 


THE PELVIC GIRDLE 


The Pelvic Girdle consists of a single bone, the os innominatwm, by which the 
thigh is connected to the trunk. 


Tue Os INNOMINATUM 


The Os Innominatum (in, not; nomino, I name), or nameless bone, so called 
from bearing no resemblance to any known object, is a large, irregularly shaped, 
flat bone, constricted in the centre and expanded above and below. With its 
fellow of the opposite side, it forms the sides and anterior wall of the pelvic 
cavity. In young subjects it consists of three separate parts, which meet and 
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form a large, cup-like cavity, the acetabulum, situated near the middle of the outer 
surface of.the bone: and, although in the adult these have become united, it ig 
usual to deseribe the bone as divisible into three portions—the ilium, the ischium, 
and the os pubis. 

The ilium, so called from its supporting the flank (ilia), is the superior, broad 
and expanded portion which runs upwards from the acetabulum, and forms the 


prominence of the hip. 


Fic. 311.—Right os innominatum. External surface. 
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The ischium (icyéov, the hip) is the inferior and strongest portion of the bone ; 
it proceeds downwards from the acetabulum, expands into a large tuberosity, and 
then, curving forwards, forms, with the descending ramus of the os pubis, a large 
aperture, the obturator foramen. 

The os pubis is that portion which extends inwards and downwards from the 
acetabulum to articulate in the middle line with the bone of the opposite side: it 
forms the front of the pelvis, supports the external organs of generation, and has 
received its name from the skin over it being covered with hair. 
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The Ilium presents for examination two surfaces—an external and an internal 
—a crest, and two borders—an anterior and a posterior. 

The External Surface (fig. 311) is divided into two parts: an upper or gluteal, 
and a lower or acetabular. The upper portion, known as the dorsum of the ilium, 
is directed backwards and outwards behind ; downwards and outwards in front. 
It is smooth, convex in front, deeply concave behind ; bounded above by the 
crest, below by the upper border of the acetabulum ; in front and behind, by the 
anterior and posterior borders. This surface is crossed in an arched direction by 
three semicircular ridges—the superior, middle, and inferior curved lines. The 
Superior curved. line, the shortest of the three, commences at the crest, about 
two inches in front of its posterior extremity; it is at first distinctly marked, but 
as it passes downwards and backwards to the upper part of the great sacro-sciatic 
notch, where it terminates, it becomes less marked, and is often altogether lost. 
Behind this line is a narrow semilunar surface, the upper part of which is rough 
and gives origin to part of the Gluteus maximus; the lower part is smooth and 
has no muscular fibres attached to it. The middle curved line, the longest of the 
three, commences át the crest, about an inch behind its anterior extremity, and, 
taking a curved direction downwards and backwards, terminates at the upper 
part of the great sacro-sciatic notch. The space between the superior and middle 
curved lines and the crest is concave, and gives origin to the Gluteus medius 
muscle. Near the central part of this line the orifice of a nutrient foramen may 
often be observed. The inferior curved line, the least distinct of the three, com- 
mences in front at the notch on the anterior border, and, taking a curved direction 
backwards and downwards, terminates at the middle of the great sacro-sciatic 
notch. The surface of bone included between the middle and inferior curved 
lines is concave from above downwards, convex from before backwards, and gives 
origin to the Gluteus minimus muscle. Beneath the inferior curved line, and 
corresponding to the upper part of the acetabulum, is a roughened surface (some- 
times a depression), from which arises the reflected tendon of the Rectus femoris 
muscle. The lower or acetabular part of the external surface enters into the 
formation of the acetabulum, of which it forms rather less than two-fifths. It is 
separated from the upper gluteal portion of this surface by a prominent rim, 
which forms part of the margin of the acetabular cavity. 

The Internal Surface (fig. 312) of the ilium is bounded above by the crest ; 
below, it is continuous with the pelvic surfaces of the os pubis and ischium, a 
faint line only indicating the place of union ; in front and behind, it is bounded 
by the anterior and posterior borders. It presents a large, smooth, concave 
surface, called the iliac fossa, or venter wi, which gives origin to the [lacus 
muscle, and presents at its lower part the orifice of a nutrient canal ; and below 
this a smooth, rounded border, the linea ilio-pectinea, which separates the iliac 
fossa from that portion of the internal surface which enters into the formation of 
the true pelvis, and which gives origin to part of the Obturator internus muscle. 
Behind the iliac fossa is a rough surface, divided into two portions, an anterior 
and a posterior. The anterior or auricular surface,so called from its resemblance 
in shape to the ear, is coated with cartilage in the recent state, and articulates 
with a surface of similar shape on the side of the sacrum. The posterior portion 
is rough, for the attachment of the posterior sacro-iliac ligaments and for a part 
of the origin of the Erector and Multifidus spine muscles. 

The crest of the ilium is convex in its general outline and sinuously curved, 
being concave inwards in front, concave outwards behind. It is longer in the 
female than in the male, very thick behind, and thinner at the centre than at the 
extremities. It terminates at either end in a prominent eminence, the anterior 
superior and posterior superior tac spines. The surface of the crest is broad, 
and divided into an external lip, an internal lip, and an intermediate space. 
About two inches behind the anterior superior spinous process there is & pro- 
minent tubercle on the outer lip. To the external lip are attached the Tensor 
fasciæ femoris, Obliquus externus abdominis, and Latissimus dorsi, and along its 
whole length the fascia lata ; to the space between the lips, the Internal oblique ; 
to the internal lip, the Transversalis abdominis, Quadratus lumborum, and 
Erector spine, the Iliacus, and the fascia iliaca. 

The anterior border of the ilium is concave. It presents two projections, 
separated by a notch. Of these, the uppermost, situated at the junction of the 
crest and anterior border, is called the anterior superior iliac spine, the 
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outer border of which gives attachment to the fascia lata, and the origin of 
the Tensor fasciæ femoris ; its inner border, to the Iliacus; while its extremity 
affords attachment to Poupart’s ligament and the origin of the Sartorius muscle. 
Beneath this eminence is a notch which gives origin to the Sartorius, and across 
which passes the external cutaneous nerve. Below the notch is the anterior: 
inferior iliac spine, which terminates in the upper lip of the acetabulum ; it gives 
attachment to the straight tendon of the Rectus femoris muscle and the ilio- 
femoral ligament. On the inner side of the anterior inferior spine is a broad, 


Fie. 312.—Right os innominatum. Internal surface. 
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shallow groove, over which passes the Ilio-psoas muscle. This groove is bounded 
internally by an eminence, the ilio-pectineal, which marks the point of union of 
the ilium and os pubis. l l 

The posterior border of the ilium, shorter than the anterior, also presents two 
projections separated by a notch, the posterior superior and the posterior inferior 
iliac spines. The former corresponds with that portion of the inner surface of the 
ilium which serves for the attachment of the oblique portion of the sacro-iliac 
ligaments and the Multifidus spine ; the latter to the auricular portion which 
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articulates with the sacrum. Below the posterior inferior spine is a deep notch, 
the great sacro-sciatie. ) 

The Ischium forms the lower and back part of the os innominatum. It is 
divisible into a thick and solid portion, the body; a large, rough eminence, on 
which the trunk rests in sitting, the tuberosity; and a thin part, which passes 
forwards and slightly upwards, the ramus. 

The body, somewhat triangular in form, presents three surfaces, external, 
internal, and posterior ; and three borders, external, internal, and posterior. The 
external surface corresponds to that portion of the acetabulum which is formed by 
the ischium ; itis smooth and concave, and constitutes a little more than two-fifths 
of the acetabular cavity ; its outer margin is bounded by a prominent rim or lip, 
the external border, to which the cotyloid fibro-cartilage is attached. Below the 
acetabulum, between it and the tuberosity, is a deep groove, along which the 
tendon of the Obturator externus muscle runs, as it passes outwards to be inserted 
into the digital fossa of the femur. The internal surface is smooth, concave, 
and enters into the formation of the lateral boundary of the true pelvic cavity. 
This surface is perforated by two or three large, vascular foramina, and gives 
origin to part of the Obturator internus muscle. The posterior surface is quadri- 
lateral in form, broad and smooth. Below, where it joins the tuberosity, it 
presents a groove continuous with that on the external surface for the tendon of 
the Obturator externus muscle. The lower edge of this groove is formed by the 
tuberosity of the ischium, and gives origin to the Gemellus inferior muscle. This 
surface is limited, externally, by the margin of the acetabulum ; behind by the 
posterior border ; it supports the Pyriformis, the two Gemelli, and the Obturator 
internus muscles, in their passage outwards to the great trochanter. The 
external border forms the prominent rim of the acetabulum, and separates the 
posterior from the external surface. To it is attached the cotyloid fibro-cartilage. 
The internal border is thin, and forms the outer circumference of the obturator 
foramen. The posterior border of the body of the ischium presents, a little below 
the centre, a thin and pointed triangular eminence, the spine of the ischiwm, 
more or less elongated in different subjects; its external surface gives attach- 
ment to the Gemellus superior, its internal surface to the Coccygeus, Levator 
ani, and white line of the pelvic fascia; while to the pointed extremity is 
connected the lesser sacro-sciatic ligament. Above the spine is a notch of large 
size, the great sacro-scitic, converted into a foramen by the lesser sacro-sciatic: 
ligament ; it transmits the Pyriformis muscle, the gluteal vessels, the superior 
and inferior gluteal nerves, the sciatic vessels, the greater and lesser sciatic 
nerves, the internal pudic vessels and nerve, and the nerves to the Obturator 
internus and Quadratus femoris. Of these, the gluteal vessels and superior 
gluteal nerve pass out above the Pyriformis muscle, the other structures below it. 
Below the spine is a smaller notch, the lesser sacro-scwatic ; it is smooth, coated 
in the recent state with cartilage, the surface of which presents two or three 
ridges corresponding to the subdivisions of the tendon of the Obturator internus, 
which winds over it. It is converted into a foramen by the sacro-sciatic liga- 
ments, and transmits the tendon of the Obturator internus, thé nerve which 
supplies that muscle, and the internal pudic vessels and nerve. 

The tuberosity presents for examination three surfaces: external, internal, 
and posterior. The external surface is quadrilateral in shape and rough for the 
attachment of muscles. It is hounded above by the groove for the tendon of the 
Obturator externus ; in front it is limited by the posterior margin of the obturator 
foramen, and below it is continuous with the ramus of the bone; behind, it is 
bounded by a prominent margin which separates it from the posterior surface. 
In front of this margin the surface gives origin to the Quadratus femoris, and 
anterior to this to some of the fibres of origin of the Obturator externus. ' The 
lower part of the surface gives origin to part of the Adductor magnus. The 
internal surface forms part of the bony wall of the true pelvis. In front, it is 
limited by the posterior margin of the obturator foramen. Behind, it is bounded 
by a sharp ridge, for the attachment of a falciform prolongation of the great 
sacro-sciatic ligament, and, more anteriorly, gives origin to the Transversus 
perinæi and Erector penis muscles. The posterior surface is divided into two 
portions: a lower, rough, somewhat triangular part, and an upper, smooth 
quadrilateral portion. The anterior portion is subdivided by a prominent 
vertical ridge, passing from base to apex, into two parts; the outer one gives 
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attachment to the Adductor magnus, the inner to the great sacro-sciatic ligament. 
The upper portion is subdivided into two facets hy an oblique ridge, which runs 
downwards and outwards; from the upper and outer facet arises the Semi- 
membranosus; from the lower and inner, the long head of the Biceps and the 
Nemitendinosus.. 

The ramus is the thin, flattened part of the ischium, which ascends from 
the tuberosity upwards and inwards, and joins the descending ramus of the 
os pubis—their point of junction being indicated in the adult by a raised line. 
The outer surface of the ramus is uneven, for the origin of the Obturator externus 
muscle, and also some fibres of the Adductor magnus ; its inner surface forms 
part of the anterior wall of the pelvis. Its inner border is thick, rough, slightly 
everted, forms part of the outlet of the pelvis, and presents two ridges and an 
intervening space. The ridges are continuous with similar ones on the descend- 
ing ramus of the os pubis: to the outer one is attached the deep layer of the 
superficial perineal fascia (fascia of Colles), and to the inner the superficial 
layer of the triangular ligament of the urethra. If these two ridges are traced 
downwards, they will be found to join with each other just behind the point 
of origin of the Transversus perinæi muscle; here the two layers of fascia are 
continuous behind the posterior border of the muscle. To the intervening 
space, just in front of the point of junction of the ridges, is attached the 
Transversus perinei muscle, and in front of this a portion of the crus penis 
vel clitoridis and the Erector penis vel clitoridis muscle. Its outer border is 
thin and sharp, and forms part of the inner margin of the obturator foramen. 

The Os Pubis is the anterior part of the os innominatum, and, with the bone 
of the opposite side, constitutes the front boundary of the true pelvicmenvity. 
It is divisible into a body, an ascending and a descending ramus. 

The body is somewhat quadrilateral in shape, and presents for examination 
two surfaces and three borders. The anterior surface is rough, directed down- 
wards and outwards, and serves for the origin of various muscles. To the 
upper and inner angle, immediately below the crest, is attached the Adductor 
longus; lower down, from without inwards, are attached the Obturator externus, 
the Adductor brevis, and the upper part of the Gracilis. The posterior surface, 
convex from above downwards, concave from side to side, is smooth, and forms 
part of the anterior wall of the pelvis. It gives origin to the Levator ani, 
Obturator internus, a few muscular fibres prolonged from the bladder, and the 
pubo-prostatic ligaments. The upper border presents for examination a promi- 
nent tubercle, which projects forwards and is called the spine; to it is attached 
the outer pillar of the external abdominal ring aud Poupart’s ligament. Passing 
upwards and outwards from this is a prominent ridge, forming part of the 
ihto-pectineal line which marks the brim of the true pelvis: to it is attached 
a portion of the conjoined tendon of the Internal oblique and Transversalis 
muscles, Gimbernat’s ligament and the triangular fascia of the abdomen. Internal 
to the spine of the os pubis is the crest, which extends from this process to the 
inner extremity of the bone. It affords attachment, anteriorly, to the conjoined 
tendon of the Internal oblique and Transversalis ; and posteriorly, to the Rectus 
and Pyramidalis muscles. The point of junction of the crest with the inner 
border of the bone is called the angle; to it, as well as to the symphysis, is 
attached the internal pillar of the external abdominal ring. The internal border 
is articular; it is oval, covered by eight or nine transverse ridges, or a series 
of nipple-like processes arranged in rows, separated by grooves; they serve 
for the attachment of a thin layer of cartilage, placed between it and the 
central fibro-cartilage. The outer border presents a sharp margin, which forms 
part of the circumference of the obturator foramen and affords attachment to 
the obturator membrane. 

The ascending or superior ramus extends from the body to the point of 
Junction of the os pubis with the ilium, and forms the upper part of the 
circumference of the obturator foramen. It presents for examination a superior, 
inferior, and posterior surface, and an outer extremity. The superior surface 
presents a continuation of the ilio-pectineal line, already mentioned as com- 
mencing at the pubie spine. In front of this ridge, the surfice of hone is 
triangular in form, wider externally than internally, smooth, and is covered 
by the Pectineus muscle. The surface is bounded externally by w rough 
eminence, the tlio-pectineal, which serves to indicate the point of junction 
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of the ilium and os pebis. The triangular surface is bounded below by a 
prominent ridge, the obturator crest, which extends from the cotyloid notch 
to the spine of the os pubis. The inferior surface forms the upper boundary 
of the obturator foramen, and presents, externally, a broad an deep, oblique 
groove, for the passage of the obturator vessels and nerve; and internally, a 
sharp margin which is part of the circumference of the obturator foramen, and 
to which the obturator membrane is attached. The posterior surface constitutes 
part of the anterior boundary of the true pelvis. It is smooth, convex from 
above downwards, and affords origin to some fibres of the Obturator internus. 
The outer extremity, the thickest part of the ramus, forms one-fifth of the cavity 
of the acetabulum. 

The descending or inferior ramus of the os pubis is thin and flattened. It 
passes outwards and downwards, becoming narrower as it descends and joins 
with the ramus of the ischium. Its anterior surface is rough, for the origin 
of muscles—the Gracilis along its inner border; a portion of the Obturator 
externus where it enters into the formation of the foramen of that name ; and 
between these two muscles, the Adductores brevis and magnus from within 
outwards. The posterior surface is smooth, and gives origin to the Obturator 
internus, and, close to the inner margin, to the Compressor urethree. The inner 
border is thick, rough, and everted, especially in females. It presents two 
ridges, separated by an intervening space. The ridges extend downwards, and 
are continuous with similar ridges on the ramus of the ischium; to the 
external one is attached the fascia of Colles, and to the internal one the 
superficial layer of the triangular ligament of the urethra. The outer border 
is thin and sharp, forms part of the circumference of the obturator foramen, 
and gives attachment to the obturator membrane. 

The cotyloid cavity, or acetabulum, is a deep, cup-shaped, hemispherical 
depression, directed downwards, outwards, and forwards; formed internally by 
the os pubis, above by the ilium, behind and below by the ischium; a httle 
less than two-fifths being formed by the ilium, a little more than two-fifths 
by the ischium, and the remaining fifth by the pubic bone. It is bounded 
by a prominent, uneven rim, which is thick and strong above, and serves for 
the attachment of the cotyloid ligament, which contracts its orifice, and deepens 
the surface for articulation. It presents below a deep notch, the cotyloid notch, 
which is continuous with a circular depression, the fossa acetabuli, at the 
bottom of the cavity: this depression is perforated by numerous apertures, 
lodges a mass of fat, and its margins, as well as those of the notch, serve for 
the attachment of the ligamentum teres. The notch is converted into a foramen 
by the transverse ligament which passes across it ; through this foramen the 
nutrient vessels and nerves enter the joint. 

The obturator or thyroid foramen is a large aperture, situated between the 
ischium and os pubis. In the male it is large, of an oval form, its longest 
diameter being obliquely from before backwards ; .in the female it is smaller, 
and more triangular. It is bounded by a thin, uneven margin, to which a 
strong membrane is attached; and presents, anteriorly, a deep groove, which 
runs from the pelvis obliquely inwards and downwards. This groove is con- 
verted into a foramen by a ligamentous band, a specialised part of the obturator 
membrane. This band is attached on either side to a tubercle: one on the 
internal border of the ischium, just in front of the cotyloid notch ; the other 
on the inferior margin of the posterior surface of the ascending ramus of the 
ka pai Through the foramen the obturator vessels and nerve pass out of 
the pelvis. 

Structure.—This bone consists of much cancellous tissue, especially where it 
is thick, enclosed between two layers of dense, compact tissue. In the thinner 
pre of the bone, as at the bottom of the acetabulum and centre of the iliac 
ossa, it is usually semi-transparent, and composed entirely of compact tissue. 

Development (fig. 313).—By eight centres: three primary—one for the ilium, 
one for the ischium, and one for the os pubis ; and five secondary—one for the 
crest of the ilium, one for the anterior inferior spine (said to ocour more 
frequently in the male than in the female), one for the tuberosity of the ischium, 
one for the symphysis pubis (more frequent in the female than in the male), 
and one or more for the Y-shaped piece at the bottom of the acetabulum. 
These various centres appear in the following order: in the lower part of the 
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ilium, immediately above the sciatic notch, about the eighth or ninth week of 
fostal life; in the body of the ischium, about the third month ; in the body of 
the os pubis, between the fourth and fifth months. At birth, the three primary 
centres are quite separate, the crest, the bottom of the acetabulum, the ischial 
tuberosity, and the rami of the ischium and pubes being still cartilaginous. 
About the seventh or eighth year, the rami of the os pubis and ischium are 
almost completely united by bone. About the thirteenth or fourteenth year, 
the three divisions of the bone have extended their growth into the bottom of 
the acetabulum, being separated from each other by a Y-shaped portion of car- 
tilage, which now presents traces of ossification, often by two or more centres. 
One of these, the os acetabuli, appears about the age of twelve, between the 
ilium and os pubis, and fuses with them about the age of eighteen. It forms 
the pubic part of the acetabulum. The ilium and ischium then become joined, 
and lastly the os pubis to the ischium, through the intervention of this Y-shaped 
portion. At about the age of puberty, ossification takes place in each of the 


Fre. 313.—Plan of the development of the os innominatum. 
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The three primary centres unite through Y-shaped aos about puberty. 
amma appear about puberty, and unite about 25th year. 


remaining portions, and they become joined to the rest of the bone between 
the twentieth and twenty-fifth years. Separate centres are frequently found 
for the pubic and ischial spines, and another for the crest and angle of the 
os pubis. ead 

Articulations.— With its fellow of the opposite side, the sacrum and femur. 

Attachment of Muscles.—To the ilium, sixteen. To the outer lip of the crest, 
the Tensor fascia femoris, Obliquus externus abdominis, and Latissimus dorsi ; 
to the internal lip, the Iliacus, Transversalis, Quadratus lumborum, and Erector 
spine ; to the interspace between the lips, the Obliquus internus. To the outer 
surface of the ilium, the Gluteus maximus, Gluteus medius, Gluteus minimus, 
reflected tendon of the Rectus; to the upper part of the great sacro-sciatic notch, 
a portion of the Pyriformis ; to the internal surface, the Iiacus; to that portion 
of the internal surface below the linea ilio-pectinea, the Obturator internus ; to 
the internal surface of the posterior superior spine, the Multifidus sping; to the 


anterior border, the Sartorius and straight tendon of the Rectus. To the ischium, 
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thirteen. To the outer surface of the ramus, the Obturator externus and Adductor 
magnus ; to the internal surface, the Obturator internus and Erector penis. To 
the spine, the Gemellus superior, Levator ani, and Coccygeus. To the tuberosity, 
the Biceps, Semitendinosus, Semimembranosus, Quadratus femoris, Adductor 
magnus, Gemellus inferior, Transversus perinæi, Erector penis. To the os pubis, 
sixteen: Obliquus externus, Obliquus internus, Transversalis, Rectus, Pyra- 
midalis, Psoas parvus, Pectineus, Adductor magnus, Adductor longus, Adductor 
brevis, Gracilis, Obturator externus and internus, Levator ani, Compressor 
urethra, and occasionally a few fibres of the Accelerator urine. 


Tue Petvis (figs. 314, 315) 


The Pelvis, so called from its resemblance to a basin (L. pelvis), is stronger 
and more massively constructed than either the cranial or the thoracic cavity ; it 
is a bony ring, interposed between the movable vertebree of the spinal column, 
which it supports, and the lower extremities, upon which it rests. It is composed 
of four bones: the two ossa innominata, which bound it on either side and in 
front; and the sacrum and coccyx, which complete it behind. 


Fig. 314.—Male pelvis (adult). 





The pelvis is divided by an oblique plane passing through the prominence of 
the sacrum, the linea ilio-pectinea, and the upper margin of the symphysis pubis 
into the false and true pelvis. The circumference of this plane is termed the 
pelvic brim. 

The false pelvis is the expanded portion of the cavity which is situated above 
and in front of this plane. It is bounded on each side by the ossa ilii; in front 
it is incomplete, presenting a wide interval between the spinous processes of the 
ilia on either side, which is filled up in the recent state by the parietes of the 
abdomen ; behind, in the middle line, is a deep notch. This broad, shallow cavity 
is fitted to support the intestines, and to transmit part of their. weight to the 
anterior wall of the abdomen, and is, in fact, really a portion of the abdominal 
cavity. The term false pelvis is incorrect, and this space ought more properly 
to be regarded as part of the hypogastric and iliac regions of the abdomen. 

The true pelvis is that. part of the pelvic cavity which is situated below and 
behind the pelvic brim. It is smaller than the false pelvis, but its bony walls 
are more perfect. For convenience of deseription, it is divided into a superior 
circuimfe: ence or inlet, an inferior circumference or outlet, and a cavity. 
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The superior circumference forms the brim of the pelvis, the included space 
being called the inlet (fig. 316). It is formed by the linea ilio-pectinea, completed 
in front by the crests of the pubic bones, and behind by the anterior margin of 
the base of the sacrum and sacro-vertebral angle. The inlet of the pelvis is 
somewhat heart-shaped, obtusely pointed in front, diverging on either side, and 


Fig. 315.—I*emale pelvis (adult). 





encroached upon behind by the projection forwards of the promontory of the 
sacrum. It has three principal diameters: antero-posterior or conjugate, trans- 
verse, and oblique. The antero-posterior extends from the sacro-vertebral angle 
to the symphysis pubis; its average measurement is four inches in the male, 
four and three-quarters in the female. The transverse extends across the greatest 


Fig. 316.—Diameters of the pelvic inlet. 
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width of the inlet, from the middle of the brim on one side to the same point on 
the opposite ; its average measurement is four and a half inches in the male, five 
and a quarter in the female. The oblique extends from the margin of the brim, 
corresponding to the ilio-pectineal eminence on one side, to the sacro-iliac 
articulation on the opposite side ; its average measurement is four and a quarter 
inches in the male, and five in the female. 
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‘The cavity of the truc pelvis is bounded in front and below by the symphysis 
pubis and the he lies of the pubic bones ; above and behind, by the concavity of 
the sacrum and coccyx, which, curving forwards above and below, contracts the 
inlet and outlet of the canal; and laterally it is bounded by a broad, smooth, 
quadrangular surface of bone, corresponding to the inner surface of the body of 
the isehitum and that part of the ilium which is below the ilio-pectineal line. 
Tho cavity is shallow in front, measuring ab the symphysis an inch and a, half in 
depth, three inches and a half in the middle, and four inches and a half posteriorly. 
Prom this description, it will be seen that the cavity of the pelvis is a short, curved 
canal, considerably deeper on its posterior than on its anterior wall. It contains, 
in the recent subject, the rectum, bladder, and part of the organs of generation. 
The rectum is placed at the back of the pelvis, and corresponds to the curve of 
the sacro-eoceygeal column; the bladder in front, behind the symphysis pubis. 
In the female, the uterus and vagina occupy the interval between these viscera. 

‘The lower circumference of the pelvis is very irregular, and forms its outlet 
(fis. 317). Itis hounded by three prominent eminences: one posterior, formed 
hy the point of the coccyx; and one on each side, the tuberosities of the ischia. 
These eminences are separated by three notches: one in front, the pubic arch, 
formed by the convergence of the rami of the ischia and pubic bones on each 


Fie. 357.--Diameters of the pelvic outlet. 
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side. The other notches, one on each side, are formed by the sacrum and coccyx 
behind, the ischium in front, and the ilium above: they are called the sacro- 
sciatic notches; in the natural state they are converted into foramina by the 
lesser and greater sacro-sciatic ligaments. In the recent state, when the liga- 
ments are i silu, the outlet of the pelvis is lozenge-shaped, bounded, in front, 
by the subpubic ligament and the rami of the ossa pubis and ischia; on each 
side by the tuberosities of the ischia; and behind, by the great sacro-sciatic 
ligaments and the tip of the coccyx. 

The diameters of the outlet of the pelvis are two, antero-posterior and trans- 
verse. The antero-posterior (conjugate) diameter extends from the tip of the 
coccyx to the lower part of the symphysis pubis; its average measurement is 
three inches and three-quarters in the male, and five inches in the female. The 
antero-posterior diameter varies with the length of the coceyx, and is capable of 
increase or diminution, on account of the mobility of that bone. The transverse 
diameter extends from the posterior part of one ischiatic tuberosity to the same 
point on the opposite side; the average measurement is three and a half inches 
in the male, and four and three-quarters in the female.* 


= The measnrements of the pelvis given above are fairly accurate, but different 
measuroments ave given by various authors, no doubt due in a great measure to differences 
a physique und stature of the population from whom the measurements have been 
aken, 


PELVIS att 


_ Position of the Pelvis.—In the erect posture, the pelvis is placed obliquely 
with regard to the trunk of the body: the plane of the hony ring, which is the 
brim of the true pelvis, forms an angle of from 50° to Go” with the horizontal 
plane. The pelvic surface of the symphysis pubis looks upwards and backwards, 
the concavity of the sacrum and coccyx downwards and forwards: the base of 
the sacrum in well-formed female bodies being nearly four inechos above the 
upper border of the symphysis pubis, and the apex of the eoceyx a little more 
than half an inch above its lower border. In consequence of this obliquity of 
the pelvis, the line of gravity of the head, which passes through the middle of the 
odontoid process of the axis and through the points of junction of the curves of 
the vertebral column to the sacro-vertebral angle, descends towards tho front of 
the cavity, so that it bisects a line drawn transversely through the middle of the 
heads of the thigh-bones (see page 178). And thus the centre of gravity of the 
head is placed immediately over the heads of the thigh-hones on which the trunk 
is supported. 

Axes of the Pelvis (fig. 318).—A line carried at right angles to the plane of 
the inlet at its middle, would correspond at one extremity with the umbilicus 
and at the other a the middle of the 
coccyx: the axis of the inlet is therefore Fra. 318,.—Vortie ti ia 
directed downwards and backwards. The pel Jis, A ae fe 
axis of the outlet, produced upwards, would axes of the pelvis. ) 
touch the base of the sacrum, and is there- 
fore directed downwards and forwards. 
The axis of the cavity is curved like the 
cavity itself: this curve corresponds to the 
concavity of the sacrum and coccyx, the 
extremities being indicated by the central 
points of the inlet and outlet. A know- 
ledge of the direction of these axes serves 
to explain the course of the foetus in its 
passage through the pelvis during partu- 
rition. It is also important to the surgeon, 
as indicating the direction of the force 
required in the removal of calculi from the 
bladder, by the perineal operation, and as 
determining the direction in which instru- 
ments should be used in operations upon 
the pelvic viscera. 

ifferences between the Male and Female 
Pelvis.—The female pelvis, looked at -as a 
whole, is distinguished from the male by 
the bones being more delicate and by its 
depth being smaller. The whole pelvis is less massive, and its bones are 
lighter and more slender, and its muscular impressions are slightly marked. 
The ilia are less sloped, and the anterior iliac spines more widely separated ; 
hence the greater prominence of the hips. The inlet in the female is larger than 
in the male; it is more nearly circular, and its obliquity is greater. The cavity 
is shallower and wider; the sacrum is shorter, wider, and its upper part is less 
curved; the obturator foramina are triangular and smaller in size than in the 
male. The outlet is larger and the coccyx more movable. The sacro-sciatic 
notches are shallower, and the spines of the ischia project less inwards. The 
tuberosities of the ischia and the acetabula are wider apart, and the former are 
more everted. The pubic symphysis is less deep, and the pubic arch is wider 
and more rounded than in the male, where it is an angle rather than an arch. 
In consequence of this the width of the fore part of the pelvic outlet is much 
increased and the passage of the fœtal head facilitated. 

The size of the pelvis varies, not only in the two sexes, but also in different 
members of the same sex. This does not appear to be influenced in any way by 
the height of the individual. Women of short stature, as w rule, have broad 
pelves. Occasionally the pelvis is equally contracted in all its dimensions, s0 
much so that all its diameters measure an inch less than the average, and this 
even in well-formed women of average height. The principal divergences, 
however, are found at the inlet, and affect the relation of the antero-posterior 
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to the transverse diameter. Thus the inlet of the pelvis may be elliptical 
either in a transverse or antero-posterior direction ; the transverse diameter in 
the former, and the antero-posterior in the latter, greatly exceeding the other 
diameters. Again, the inlet of the pelvis in some instances is seen to be almost 
circular. 

The same differences are found in various races. European women are said 
to have the most roomy pelves. That of the negress is smaller, circular in shape, 
and with a narrow pubic arch. The Hottentots and Bushwomen possess the 
smallest pelves. 

In the fetus, and for several years after birth, the pelvis is small in propor- 
tion to that of the adult, and the projection of the sacro-vertebral angle less 
marked. The generally accepted opinion that the female pelvis does not 
acquire its sexual characters until after puberty has been shown bY recent 
observations * to be erroneous, the characteristic differences between the male 
and female pelvis being distinctly indicated as early as the fourth month of fetal 
life. 


Surface Form.—tThe pelvic bones are so thickly covered with muscles that it is only at 
certain points that they approach the surface and can be felt through the skin. In front, 
the anterior superior spine of the ilium is easily to be recognised; a portion of it is sub- 
cutaneous, and in thin subjects may be seen to stand out as a prominence at the outer 
extremity of the fold of the groin. In fat subjects its position is marked by an oblique 
depression among the surrounding fat, at the bottom of which the bony process may be 
felt. Proceeding upwards and outwards from this process, the sinuously curved crest of 
the ilium may be traced throughout its whole length. Its highest point is on a level 
with the spine of the fourth lumbar vertebra: upon its outer lip, about two and a half 
inches behind the anterior superior spine, is a prominence, known as the tubercular point 
of the ilium., The crest is represented, in muscular subjects, on the surface, by a groove 
or furrow, the iliac furrow, caused by the projection of the fleshy fibres of the External 
oblique muscle of the abdomen ; the iliac furrow lies slightly below the level of the crest. 
It terminates behind in the posterior superior spine, the position of which is indicated 
by a slight depression on a level with the spinous process of the second sacral vertebra. 
Between the two posterior superior spines, but at a lower level, is to be felt the spinous 
process of the third sacral vertebra (see page 179). Another part of the bony pelvis which 
is easily accessible to the touch is the tuberosity of the ischium, situated beneath the 
gluteal fold, and, when the hip is flexed, easily to be felt, as it is then uncovered by 
muscle. Finally, the spine of the os pubis can always be readily felt, and constitutes an 
important surgical guide, especially in connection with the subject of hernia. It isnearly 
in the same horizontal plane as the upper edge of the great trochanter. In thin subjects 
it is very apparent, but in the obese it is obscured by the pubic fat. It can, however, be 
detected by following up the tendon of origin of the Adductor longus muscle. A line 
drawn from the anterior superior spine of the ilium to the most prominent part of the 
tuberosity of the ischium passes across the hip at a level with the upper border of the 
great trochanter. It is known as Nélaton’s line, and is of service in detecting any displace- 
ment of the trochanter in fractures or dislocation in this situation. If a line be drawn 
from the posterior superior spine of the ilium to the outer part of the tuberosity of the 
ischium, it will cross the spine of the ischium about four inches below the posterior 
superior iliac spine. The great sciatic foramen will lie above, and the lesser foramen 
below this point. | 

Surgical Anatomy.—There is arrest of development in the bones of the pelvis in cases 
of extroversion of the bladder; the anterior part of the pelvic girdle being deficient, the 
bodies of the pubic bones imperfectly developed, and the symphysis absent. ‘The pubic 
bones are separated to the extent of from two to four inches, the superior rami shortened 
and directed forwards, and the obturator foramen diminished in size, narrowed, and turned 
outwards. The iliac bones are straightened out more than normal. The sacrum is very 
peculiar. The lateral curve, instead of being concave, is flattened out or even convex, with 
the ilio-sacral facets turned more outward than normal, while the vertical curve is 
straightened.’ t 

Fractures of the pelvis are divided into fractures of the false pelvis and of the true pelvis. 
Fractures of the false pelvis vary in extent; a small portion of the crest may be broken, or 
one of the spinous processes may be torn off, and this may be the result of muscular action ; 
or the bone may be extensively comminuted. This latter accident is the result of some 
crushing violencé, and may be complicated with fracture of the true pelvis. These cases 
may be accompanied by injury to the intestine as it lies in the hollow of the bone, or to 
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* Fehling, Zeitschr, fiir Geburt. u. Gyndk. Bd, ix. und x.; and Arthur Thomson, 
Journal of Anatomy and Physiology, vol. xxxiii. 


t Wood. Heath's Dictionary of Practical Surgery, i. 426. 
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the iliac vessels as they course along the margin of the true pelvis. Fracturcs of the true 
pelvis generally occur through the ascending ramus of the os pubis and the ramus of the 
ischium, as this is the weakest part of the bony ring, and may be caused either by crushing 
violence applied in an antero-posterior direction, when the fracture occurs from direct 
force, or by compression laterally, when the acetabula are pressed together and the bone 
gives way in the same place from indirect violence. It is frequently accompanied by a 
fracture in the neighbourhood of the sacro-iliac joint, either through the lateral mass of 
the sacrum, or through the ilium of the same side, parallel and close to the articulation. 
The cause of this is that, after the pelvic ring has given way in front, the continued 
violence falls on this part, and the bone yields on one side of the joint, being weaker 
than the strong unyielding ligaments of the joint itself. Sometimes the fracture may 
be double, occurring on both sides of the body. It is in these cases that the contained 
viscera are likely to be injured: the urethra, the bladder, the rectum, the vagina in the 
female, the small intestines, and even the uterus, have all been lacerated by a displaced 
fragment. Fractures of the acetabulum are occasionally met with: either a portion of 
the rim may be broken off, or a fracture may take place through the bottom of the 
cavity and the head of the femur be driven inwards and project into the pelvic cavity. 
Separation of the Y-shaped cartilage at the bottom of the acetabulum may also occur in 
the young subject, separating the bone into its three anatomical portions. 

The sacrum is rarely broken by direct violence—i.ec. blows, kicks, or falls on the part. 
The lesion may be complicated with injury to the nerves of the sacral plexus, leading to 
paralysis and loss of sensation in the lower extremity, or to incontinence of fæces from 
paralysis of the Sphincter ani. 

The coccyx is not infrequently fractured from blows or kicks. The fracture is attended 
with great pain in walking and on making any expiratory effort, such as coughing, 
defecation, &c., because the Coccygeus muscle, which is attached to this bone, forms part 
of the lower diaphragm of the abdomen. Falls or blows on the coccyx, unaccompanied 
by fracture, sometimes give rise to a severe neuralgic pain, which is exceedingly intract- 
able and difficult of cure. The condition is known as coccygodynia, and for its relief 
removal of the coccyx has been practised of late years, but the results have not been very 
satisfactory. 

The pelvic bones often undergo important deformity in rickets, the effects of which in 
the adult woman may interfere seriously with child-bearing. The deformity is due mainly 
to the weight of the spine and trunk, which presses on the sacro-vertebral angle and 
greatly increases it, so that the antero-posterior diameter of the pelvisis diminished. But, 
in addition to this, the weight of the viscera on the venter ilii causes them to expand and 
the tuberosities of the ischia to be incurved. In osteomalacia also great deformity may 
occur. The weight of the trunk causes an increase in the sacro-vertebral angle, and a 
lessening of the antero-posterior diameter of the inlet, and at the same time the pressure 
of the acetabula on the heads of the thigh-bones causes these cavities, with the adjacent 
bone, to be pushed upwards and backwards, so that the oblique diameters of the pelvis 
are also diminished, and the cavity of the pelvis assumes a triradiate shape, with the 
symphysis pubis pushed forwards. 


THE THIGH 


The Thigh is that portion of the lower extremity which is situated between 
the pelvis and the knee. Its skeleton consists of a single bone, the femur. 


THe FEMUR 


The Femur (femur, the thigh) is the longest,* largest, and strongest bone in 
the skeleton, and almost perfectly cylindrical in the greater part of its extent. 
In the erect posture it is not vertical, being separated from its fellow above by 
a considerable interval, which corresponds to the breadth of the pelvis, but in- 
clining gradually downwards and inwards, so as to approach its fellow towards 
its lower part, for the purpose of bringing the knee-joint_ near the line of gravity 
of the body. The degree of this inclination varies in different persons, and is 
greater in the female than in the male, on account of the greater breadth of the 
pelvis. The femur, like other long bones, is divisible into a shaft and two 
extremities. 

The Upper Extremity presents for examination a head, a neck, a great and 
a small trochanter. l 

The head, which is globular, and forms rather more than a hemisphere, is 
directed upwards, inwards, and a little forwards, the greater part of its convexity 
being above and in front. Its surface is smooth, coated with cartilage in the 


* In a man six feet high, it measures eighteen inches—one-fourth of the whole body. 


314 


Fic. 319.—Right femur. Anterior surface. 
Obturator enters 
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recent state, with the exception of an 
ovoid depression, which is situated a 
little below and behind its centre, and 
gives attachment to the ligamentum 
teres. The neck isa flattened pyramidal 
process of bone, which connects the 
head with the shaft, and forms with the 
latter a wide angle. The angle is widest 
in infancy, and becomes lessened during 
growth, so that at puberty it forms a 
gentle curve from the axis of the shaft. 
In the adult, the neck forms an angle of 
about 125° with the shaft, but this varies 
in inverse proportion to the development 
of the pelvis and the stature. In conse- 
quence of the prominence of the hips 
and widening of the pelvis in the female, 
the neck of the thigh-bone forms more 
nearly a right angle with the shaft than 
it does in man. It has been stated that 
the angle diminishes in old age and the 
direction of the neck becomes horizontal, 
but this statement is founded on insui- 
ficient evidence. Humphry stated that 
the angle decreases during the period of 
growth, but after full growth has been 
attained it does not usually undergo any 
change, even in old age. He further 
states that the angle varies considerably 


in different persons of the same age. It 


is smaller in short than in long bones, 
and when the pelvis is wide.* The neck 
is flattened from before backwards, con- 
tracted in the middle, and broader at 
its outer extremity, where itis connected 
with the shaft, than at its summit, where 
it is attached to the head. The vertical 
diameter of the outer half is increased by 
the thickening of the lower edge, which 
slopes downwards to join the shaft at the 
small trochanter, so that the outer half 
of the neck is flattened from before back- 
wards, and its vertical diameter measures 
one-third more than the antero-posterior. 
The inner half is smaller, and of a more 
circular shape. The anterior surface of 
the neck is perforated by numerous vas- 
cular foramina. The posterior surface is 
smooth, and is broader and more concave 
than the anterior; it gives attachment 
to the posterior part of the capsular 
ligament of the hip-joint, about half an 
inch above the posterior intertrochanteric 
line. The superior border is short and 
thick, and terminates externally at the 
great trochanter; its surface is perfo- 
The inferior 
border, long and narrow, curves a little 
backwards, to terminate at the small 
trochanter. 


x Journal of Anatomy and Physiology, 
vol. xxiii. 
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The Trochanters (rpoyáw, to run or roll) are prominent processes of bone 
which afford leverage to the muscles which rotate the thigh on its axis. They 
are two in number, great and small. 

The Great Trochanter is a large, irregular, quadrilateral eminence, situated 
at the outer side of the neck, at its junction with the upper part of the shaft. 
It is directed a little outwards and backwards, and, in the adult, is about three- 
quarters of an inch lower than the head. It presents for examination two surfaces 
and four borders. The external surface, quadrilateral in form, is broad, rough, 
convex, and marked by a prominent diagonal impression, which extends from the 
posterior superior to the anterior inferior angle, and serves for the insertion of 
the tendon of the Gluteus medius. Above the impression is a triangular surface, 
sometimes rough for part of the tendon of the samc muscle, sometimes smooth for 
the interposition of a bursa between that tendon and the bone. Below afd behind 
the diagonal line is a smooth, triangular surface, over which the tendon of the 
Gluteus maximus muscle plays, a bursa being interposed. The internal surface is 
of much less extent than the external, and presents at its base a deep depression, 
the digital or trochanteric fossa, for the insertion of the tendon of the Obturator 
externus muscle, and above and in front of this an impression for the insertion 
of the Obturator internus and Gemelli. The superior border is free ; it is thick 
and irregular, and marked near the centre by an impression for the insertion of 
the Pyriformis. The inferior border corresponds to the line of junction of the 
base of the trochanter with the outer surface of the shaft; it is marked by a rough, 
prominent, slightly curved ridge, which gives origin to the upper part of the 
Vastus externus muscle. The anterior border is prominent, somewhat irregular, 
as well as the surface of bone immediately below it; it affords insertion at its 
outer part to the Glutens minimus. The posterior border is very prominent. 
and appears asa free, rounded edge, which: forms the back part of the digital 
fossa. 

The Small Trochanter is a conical eminence, which varies in size in differcnt 
subjects ; it projects from the lower and back part of the base of the neck. Its 
base is triangular, and connected with the adjacent parts of the bone by three 
well-marked borders: two of these are above—the internal continuous with the 
lower border of the neck, the external with the posterior intertrochanteric line — 
while the inferior border is continuous with the middle division of the linea 
aspera. Its summit, which is directed inwards and backwards, is rough, and 
gives insertion to the tendon of the Tlio-psoas, The Tacas is also inserted into 
the shaft below the small trochanter, between the Vastus internus in front and 
the Pectineus behind. 

A well-marked prominence, of variable size, which projects at the junction ot 
the upper part of the neck with the great trochanter, is called the tubercle of the 
femur ; it is the point of meeting of five muscles: the Gluteus minimus exter- 
nally, the Vastus externus below, and the tendon of the Obturator internus and 
Gemelli above. Running obliquely downwards and inwards from the taberele 
is the spiral line of the femur, or anterior intertrochanteric line; it winds round 
the inner side of the shaft, below the lesser trochanter, and terminates in the 
linea aspera, about two inches below this eminence. Its upper half is rough, 
and affords attachment to the ilio-femoral ligament of the hip-joint; its lower 
half is less prominent, and gives origin to the upper part of the Vastus internus. 
Running obliquely downwards and inwards from the sunmit of the great tro- 
chanter on the posterior surface of the neck is a very prominent well-marked 
ridge, the posterior intertrochanteric line. Its upper half forms the posterior 
border of the great trochanter, and its lower half rans downwards and inwards 
to the upper and back part of the lesser trochanter. A slight ridge sometimes 
commences about the middle of the posterior intertrochanteric line, and passes 
vertically downwards for about two inches along the back part of the shaft: 1 
is called the linea quadrata, and gives attachment to the Quadratus femoris and 
a few fibres of the Adductor magnus muscles.* 

The Shaft, almost cylindrical in form, is a little broader above than in the 
centre, and somewhat flattened from before backwards helow. It is slightly 


* Generally there is merely a slight thickening about the middle of the inter- 
trochanteric line, marking the attachment of the upper part of the Quadratus femoris. 
This is termed by some anatomists the tubercle of the Quadratus, 
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Iie. 320.—Rigkt femur. Posterior surface. arched, so as to be convex in front and 
concave behind, where it is strengthened 
by a prominent longitudinal ridge, the 
linea aspera. It presents for examina- 
tion three borders, separating three sur- 
faces. Of the three borders, one, the 
linea aspera, is posterior ; the other two 
are placed laterally. 

The linea aspera (fig. 320) is a promi- 
nent. longitudinal ridge or crest, on the 
middle third of the bone, presenting an 
external lip, an internal lip, and a rough 
intermediate space. Above, the linea 
aspera is prolonged by three ridges. The 
most external one is very rough, and is 
continued almost vertically upwards to 
the base of the great trochanter. It is 
sometimes termed the gluteal ridge, and 
gives attachment to part of the Gluteus 
maximus muscle: its upper part is often 
elongated into a roughened crest, on 
which is a more or less well-marked, 
rounded tubercle, a rudimental third 
trochanter. The middle ridge, the least 
distinct, is continued to the base of the 
trochanter minor, and gives attachment 
to the Pectineus muscle; and the in- 
ternal one is lost above in the spiral line 
of the femur. Below, the linea aspera 
is prolonged by two ridges, which enclose 
between them a triangular space, the 
popliteal surface, upon which rests the 
popliteal artery. Of these two ridges, 
the outer one is the more prominent, 
and descends to the summit of the outer 
condyle. The inner one is less marked, 
especially at its upper part, where it is 
crossed by the femoral artery. It termi- 
nates, below, at the summit of the in- 
ternal condyle, in a small tubercle, the 
Adductor tubercle, which affords insertion 
to the tendon of the Adductor magnus. 

From the inner lip of the linea aspera, 
and its inner prolongation above and 
below, the Vastus internus arises; and 
from the outer lip and its outer prolon- 
gation above, the Vastus externus takes 
origin. The Adductor magnus is in- 
serted into the linea aspera, to its outer 
prolongation above, and its inner pro- 
longation below. Between the Vastus 
externus and the Adductor magnus are 
attached two muscles—viz. the insertion 
of the Gluteus maximus above and the 
origin of the short head of the Biceps 
SAAS Groove below. Between the Adductor mag- 

Meee Jor ten- nus and the Vastus internus four 
NER? Popiiters muscles are inserted: the Iliacus and 
Pectineus above; the Adductor brevis 
Bi: and Adductor longus below. ‘The linea 

Bis, ap aspera is perforated a little below its 
‘ta centre by the nutrient canal, which is 
directed obliquely upwards. 
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The two lateral borders of the femur are only slightly marked, the outer one 
extending from the anterior inferior angle of the great trochanter to the anterior 
extremity of the external condyle ; the inner one from the spiral line, at a point 
opposite the trochanter minor, to the anterior extremity of the internal condyle. 
The internal border marks the limit of attachment of the Crureus muscle 
internally. 

The anterior surface includes that portion of the shaft which is situated 
between the two lateral borders. It is smooth, convex, breader above and below 
than in the centre, slightly twisted, so that its upper part is directed forwards 
and a little outwards, its lower part forwards and a little inwards. From the 
upper three-fourths of this surface the Orureus arises; the lower fourth is 
separated from the muscle by the intervention of the synovial membrane of the 
knee-joint and a bursa, and affords attachment to the Subcrureus to a small 
extent. The external surface includes the portion of bone between the external 
border and the outer lip of the linea aspera; it is continuous above with the 
outer surface of the great trochanter, below with the outer surface of the external 
condyle: to its upper three-fourths is attached the outer portion of the Crureus 
muscle. The internal surface includes the portion of bone between the internal 
border and the inner lip of the linea aspera; it is continuous above with the 
lower border of the neck, below with the inner side of the internal condyle: it is 
covered by the Vastus internus muscle. 

The Lower Extremity, larger than the upper, is of a cuboid form, flattened 
from before backwards, and divided into two large eminences, the condyles 
(xovdvdos, «& knuckle), by an interval which presents a smooth depression in front 
called the trochlea, and a notch of considerable size behind—the antercondyloid 
notch. The external condyle is the more prominent anteriorly, and is the broader 
both in the antero-posterior and transverse diameters. The internal condyle is 
the narrower, longer, and more prominent inferiorly. The difference in the 
length of the two condyles is only observed when the bone is perpendicular, and 
depends upon the obliquity of the thigh-bones, in consequence of their separation 
above at the articulation with the pelvis. If the femur is held obliquely, the 
surfaces of the two condyles will be seen to be nearly horizontal. The two 
condyles are directly continuous in front, and form a smooth trochlear surface, 
which articulates with the patella. This surface presents a median groove, 
which extends downwards and backwards to the intercondyloid notch; and two 
lateral convexities, of which the external is the broader, more prominent, and 
prolonged farther upwards upon the front of the outer condyle. The external 
border of this articular surface is also more prominent, and ascends higher than 
the internal one. This trochlear portion of the articular surface is separated 
from the remainder, which articulates with the tibia and the semilunar carti- 
lages, by two faintly marked grooves, which pass obliquely forwards and out- 
wards and forwards and inwards respectively from the anterior margin of the 
intercondyloid notch. They receive the anterior edges of the two semilunar 
fibro-cartilages when the knee is extended. The intercondyloid notch lodges the 
crucial ligaments ; it is bounded laterally by the opposed surfaces of the two 
condyles, and in front by the lower end of the shaft. 

Outer Condyle.—The outer surface of the external condyle presents, a little 
behind its centre, an eminence, the outer tuberosity; it is less prominent than 
the inner tuberosity, and gives attachment to the external lateral ligaments of 
the knee. Immediately beneath it is a groove which commences at a depression 
a little behind the centre of the lower border of this surface: the front part of 
this depression gives origin to the Popliteus muscle, the tendon of which is 
lodged in the groove during flexion of the knee. The groove is smooth, covered 
with cartilage in the recent state, and runs upwards and backwards to the pos- 
terior extremity of the condyle. The inner surface of the outer condyle forms 
one of the lateral boundaries of the intercondyloid notch, and gives attachment, 
by its posterior part, to the anterior crucial ligament. The inferior surface is 
convex, smooth, and broader than that of the internal condyle. The posterior 
extremity is convex and smooth : just above and to the outer side of the articular 
surface is a depression for the origin of the outer head of the Gastrocnemius, 
above which is the origin of the Plantaris. | 

Inner Condyle.—The inner surface of the inner condyle presents a convex 
eminence, the inner tuberosity, rough, for the attachment of the internal lateral 
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ligament. The outer side of the inner condyle forms one of the lateral boundaries 
of the intercondyloid notch, and gives attachment, by its anterior part, to the 
posterior crucial ligament. Its inferior ov articular surface is convex, and 
presents a less extensive surface than the external condyle. Just above the 
artieular surface of the condyle, behind, is a depression for the tendon of origin 
of the inner head of the Gastrocnemuius. 

Structure.—The shaft of the femur is a cylinder of compact tissue, hollowed 
hy a large medullary canal. The cylinder is of great thickness and density in 
the middle third of the shaft, where the bone is narrowest and the medullary 
canal well formed; but above and below this the cylinder gradually becomes 
thinner, owing to a separation of the layers of the bone into cancelli, which 
project into the medullary canal and finally obliterate it, so that the upper and 
lower ends of the shaft, and the articular extremities more especially, consist of 
cancellated tissue, invested by a thin compact layer. 

The arrangement of the cancelli in the ends of the femur is remarkable. In 
the upper end they are arranged in two sets. One, starting from the top of the 

head, the upper surface of the neck, and 

Fre. 321.—~Diagram showing thew- the great trochanter, converge to the inner 
rangement of the eaneelli of the part of the circumference of the shaft 
neck of the femur, (fig. 321); these are placed in the direction 

g Yt q of greatest pressure, and serve to support 
yamine S, the vertical weight of the body. The second 

aS J set are planes of lamellæ intersecting the 

9 former nearly at right angles, and are 

w es m Ve x Xx } situated in the line of the greatest tension 
Q VIS S Y —that is to say, along the lines in which 

NISH i ze the muscles and ligaments exert their 
€ E traction. In the head of the bone these 
in S planes are arranged in a curved form, in 
i i order to strengthen the bone when exposed 

A to pressure in all directions. In the midst 
WHI of the cancellous tissue of the neck is a 
| i vertical plane of compact bone, the femoral 

spur (calcar femorale) which commences at 





i the point where the neck joins the shaft 
I midway between the small trochanter and 
IY the internal border of the shaft of the bone, 
and extends in the direction of the digital 
fossa (tig. 322). This materially strengthens 
this portion of the bone. Another point in 
connection with the structure of the neck of 
the femur requires mention, especially on 
account of its influence on the production of 
fracture in this situation. It will be noticed that a considerable portion of the 
great trochanter lies hehind the level of the posterior surface of the neck, and 
if a section be mado through the trochanter at this level, it will be seen that the 
posterior wall of the neck is prolonged into the trochanter. This prolongation 
is termed by ‘Bigelow the ‘true neck,’ * and forms a thin, dense plate of bone, 
which passes beneath the posterior intertrochanteric ridge towards the outer 
surface of the bone. 

In the lower end, the cancelli spring on all sides from the inner surface of 
the cylinder, and descend in a perpendicular direction to the articular surface, 
the cancelli being strongest and having a more accurately perpendicular course 
above the condyles. In addition to this, however, horizontal planes of cancellous 
tissue are to be scen, so that the spongy tissue in this situation presents an 
appearance of being mapped out into a series of rectangular areas. 

Articulations. With three bones: the os innominatum, tibia, and patella. 

Development (fg. 323).~ The femur is developed by five centres: one for the 
shaft, one for each extremity, and one for each trochanter. Of all the long bones, 
except the clavicle, it is the first to show traces of ossification; this commences 
in the shaft, at about the seventh week of footal life; the centres of ossification 
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in the epiphyses appearing in the following order: In the lower end of the 
bone, at the ninth month of foetal life * (from this the condyles and tuberosities 
are formed) ; in the head, at the end of the first year after birth; in the great 
trochanter, during the fourth year; and in the small trochanter, between the 
thirteenth and fourteenth. The order in which the epiphyses are joined to the 
shaft is the reverse of that of their appearance: their junction does not commence 
until after puberty, the small trochanter being first joined, then the great, then 
the head, and, lastly, the inferior extremity (the first in which ossification com- 
menced), which is not united until the twentieth year. 


Fig. 322.—Calcar femorale. Fre. 323.—Plan of the developrnent of tho 
femur. By five centres. 
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Attachment of Muscles. -To twenty-three. To the great trochanter: the 
Gluteus medius, Gluteus minimus, Pyriformis, Obturator internus, Obturator 
externus, Gemellus superior, Gemellus inferior, and Quadratus femoris. To the 
lesser trochanter: the Psoas magnus and the Iliacus below it. To the shaft: 
the Vastus externus, Gluteus maximus, short head of the Biceps, Adduetor 
magnus, Pectineus, Adductor brevis, Adductor longus, Vastus internus, Crureus, 
and Subcrureus. To the condyles: the Gastrocnemius, Plantaris, and Popliteus. 


Surface Form.—The femur is covered with muscles, so that in fairly muscular subjects 
the shaft is not to be detected through its fleshy covering, and the only parts always 
accessible to the touch are the outer surface of the great trochanter and the lower expanded 
end of the bone. In very thin subjects, the head of the bone may be felb through the over- 
lying muscles, immediately below and external to the mid-point of Poupart’s ligament. 
The external surface of the great trochanter is to be felt, especially in certain positions of 
the limb. Its situation is generally indicated by a depression, owing to, the thickness of 
the Gluteus medius and minimus, which project above it. When, however, the thigh is 
flexed, and especially if crossed over the opposite onc, the trochanter produces a blunt 
eininence on the surface. The upper border is about on a level with the centre of the hip- 
joint, and its cxact level is indicated by a line drawn froin the anterior superior spinous 
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* This is said to be the only epiphysis in which ossification begins bofore birth; though 
according to some observers the centre for the upper epiphysis of the tibia also appenrs 
before birth. 


320 OSTEOLOGY 


process of the ilium, over the outer side of the hip, to the most prominent point of the 
tuberosity of the ischium. This is known as Nélaton’sline, The outer and inrer condyles 
of the lower extremity are accessible to the touch. The outer one is more subcutaneous 
than the inner one, and readily felt. The tuberosity on it is comparatively little developed, 
but can be more or less easily recognised. The inner condyle is more thickly covered, and 
this gives a general convex outline to this part, especially when the knee is flexed. The 
tuberosity on it‘is easily felt, and at the upper part of the condyle the sharp tubercle for 
the insertion of the tendon of the Adductor magnus can be recognised without’ difficulty. 
When the knee is flexed, and the patella situated in the interval between the condyles and 
the upper end of the tibia, a part of the trochlear surface of the femur can be made. out 
above the patella. 

Surgical Anatomy.—There are one or two points about the ossification of the femur 
bearing on practice to which allusion must be made. It has been stated that the lower 
end of the femur is the only epiphysis in which ossification has commenced at the time 
of birth. The presence of this ossific centre is, therefore, a proof, in newly born children 
found dead, that the child has arrived at the full period of utero-gestation, and is alwavs 
relied upon in medico-legal investigations. The position of the epiphysial line should be 
carefully noted. It is on a level with the Adductor tubercle, and the epiphysis does not, 
therefore, form the whole of the cartilage-clad portion of the lower end of the bone. It 1s 
essential to bear this point in mind in performing excision of the knee, since growth in 
length of the femur takes place chiefly from the lower epiphysis, and any interference 
with the epiphysial cartilage in a young child would involve such ultimate shortening of 
the limb, from want of growth, as to render the limb almost useless. Separation of the lower 
epiphysis may take place up to the age of twenty, at which time it becomes completely 
joined to the shaft-of the bone; but, as a matter of fact, few cases occur after the age of 
sixteen or seventeen. The epiphysis of the head of the femur is of interest principally on 
account of its being the seat of origin in a large number of cases of tuberculous disease of 
the hip-joint. The disease commences in the majority of cases in the highly vascular and 
growing tissue at the end of the shaft in the neighbourhood of the epiphysial cartilage, 
and from here extends into the joint. 

Fractures of the femur are divided, like those of the other long bones, into fractures of 
the upper end; of the shaft; and of the lower end. The fractures of the upper end may be 
classified into (1) fracture of the neck; (2) fracture at the junction of the neck with the great 
trochanter ; (3) fracture of the great trochanter ; and (4) separation of the epiphysis, either 
of the head or of the great trochanter. The first of these, fracture of the neck, is usually 
termed intracapsular fracture, but this is scarcely a correct designation, as, owing to the 
attachment of the capsular ligament, the fracture is partly within and partly without the 
capsule when the fracture occurs at the lower part of the neck. Itgenerally takes place in 
old people, principally women, and usually from a very slight degree of indirect violence. 
Probably the main cause of the fracture occurring in old people is in consequence of the 
degenerative changes which the bone has undergone. Merkel believes that it is mainly 
due to the absorption of the calcar femorale. These fractures are occasionally impacted. 
As a rule they unite by fibrous tissue, but frequently no union takes place, and the surfaces 
of the fracture become smooth and eburnated. 

Fractures at the junction of the neck with the great trochanter are usually termed 
extra-capsular, but this designation is also incorrect, as the fracture is partly within the 
capsule, owing to its attachment in front to the anterior intertrochanteric line, which is 
situated below the line of fracture. These fractures are produced by direct violence to the 
great trochanter, as from a blow or fall laterally on the hip. From the manner in which 
the accident is caused, the neck of the bone is driven into the trochanter, where it may 
remain impacted, or the trochanter may be split up into two or more fragments, and thus 
no fixation takes place. 

Fractures of the great trochanter may be either ‘ oblique fracture through the trochanter 
major, without implicating the neck of the bone’ (Astley Cooper), or separation of the 
great trochanter. Most of the recorded cases of this latter injury occurred in young 
persons, and were probably cases of separation of the epiphysis of the great trochanter. 
Separation of the epiphysis of the head of the femur has been said to occur, but has 
never been verified by post-mortem examination. 

Fractures of the shaft may occur at any part, but the most usual situation is at or near 
the centre of the bone. They may be caused by direct or indirect violence or by muscular 
action. Fractures of the upper third of the shaft are almost always the result of indirect 
violence, while those of the lower third are the result, for the most part, of direct violence. 
In the middle third fractures occur from both forms of injury in about equal proportions. 
Fractures of the shaft are generally oblique, but they may be transverse, longitudinal, or 
spiral. The transverse fracture occurs most frequently in children. The fractures of IA 
lower end of the femur include transverse fracture above the condyles, the most common : 
and this may be complicated by a vertical fracture between the condyles, constituting the 
T-shaped fracture. In these cases the popliteal artery is in danger of being wounded. 
Oblique fracture separating either the internal or external condyle, and a longitudinal 
incomplete fracture between the condyles, may also take place. 
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_ The femur as well as the other bones of the leg are frequently the seat of acute necrosis 
in young children. This is no doubt due to their greater exposure to injury, which is 
often the exciting cause of this disease. Tumours are not infrequently found growing 
from the femur : the most common forms being sarcoma, which may grow either from the 
periosteum or from the medullary tissue within the interior of the bone: and exostosis, 


which is commonly found originating in the neighbourhood of the epiphysial cartilage 
of the lower end. 


THE LEG 


The skeleton of the Leg consists of three bones: the Patella, a large, sesamoid 
bone, placed in front of the knee; the Tibia; and the Fibula. 


THE PATELLA (figs. 324, 325) 


The Patella (patella, a small pan) is a fiat, triangular bone, situated at the 
anterior part of the knee-joint. It is usually regarded as a sesamoid bone, 
developed in the tendon of the Quadriceps extensor. It resembles these bones 
(1) in its being developed in a tendon; (2) in its centre of ossification presenting 
a knotty or tubercular outline; (3) in its structure being composed mainly of 
dense cancellous tissue, as in the other sesamoid bones. It serves to protect the 
front of the joint, and increases the leverage of the Quadriceps extensor by 
making it act at a greater angle. It presents an anterior and posterior surface, 
three borders, and an apex. 

The anterior surface is convex, perforated by small apertures, for the passage 
of nutrient vessels, and marked by numerous rough, longitudinal stria. This 
surface is covered, in the 
recent state, by an expansion Fie. 324.—Right patella. Fie. 325.—-Right patella. 
from the tendon of the Anterior surtace. Posterior surface. 
Quadriceps extensor, which NEET AAEE 
is continuous below with the E NTE AE N 
superficial fibres of the liga- SERA a LAN 
mentum patellæ. It is sepa- 
rated from the integument 
by a bursa.. The posterior 
‘surface presents a smooth, 
oval-shaped, articular surface, 
covered with cartilage in the 
recent state, and divided into 
two facets by a vertical ridge, 
which descends from the superior border towards the inferior angle of the bone. 
The ridge corresponds to the groove on the trochlear surface of the femur, and 
the two facets to the inner and outer parts of the same surface; the outer facet 
being the broader and deeper. This character serves to indicate the side to 
which the bone belongs. Below the articular surface is a rough, convex, non- 
articular depression, the lower half of which gives attachment to the ligamentum 
patelle ; the upper half being separated from the head of the tibia by adipose 
tissue. 

The superior border is thick, and sloped from behind, downwards and 
forwards : it gives attachment to that portion of the Quadriceps extensor which 
is derived from the Rectus and Crureus muscles. The lateral borders are 
thinner, converging below: they give attachment to that portion of the 
Quadriceps extensor derived from the external and internal Vasti muscles. 

The apex is pointed, and gives attachment to the ligamentum patella. 

Structure.— The patella consists of a nearly uniform dense cancellous tissue, 
covered by a thin compact lamina. The cancelli immediately beneath the anterior 
surface are arranged parallel with it. In the rest of the bone they radiate from 
the posterior articular surface towards the other parts of the bone. 

Development.—By a single centre, which makes its appearance in the second 
or third year, but which may be delayed until the sixth Ph More rarely, the 
bone is developed by two centres, placed side by side. Ossification is completed 
about the age of puberty. 

Articulations — With the two condyles of the femur. 
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Fre. 326.—-Bones of the right leg. 
Anterior surfaco. 
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Attachment of Muscles —To four: 
the Rectus, Crureus, Vastus internus, 
and Vastus externus. These muscles, 
joined at their insertion, constitute 
the Quadriceps extensor cruris. 


Surface Form.—The external surface 
of the patella can be seen and felt in 
front of the knee. Inthe extended posi- 
tion of the limb the internal border is a 
little more prominent than the outer, and 
if the Quadriceps extensor is relaxed, the 
bone can be moved from side to side and 
appears to be loosely fixed. If the joint 
is flexed, the patella recedes into the 
hollow between the condyles of the femur 
and the upper end of the tibia, and 
becomes firmly fixed against the femur. 

Surgical Anatomy.—The main sur- 
gical interest about the patella is in 
connection with fractures, which are of 
common oceurrence. They may be pro- 
duced by muscular action—that is to say, 
by violent contraction of the Quadriceps 
extensor, while the limb is in a position 
of semiflexion, so that the bone is 
snapped across the condyles; or by 
direct violence, such as falls on the knee. 
In the former class of cases the fracture 
is transverse; in the latter it may be 
oblique, longitudinal, stellate, or the bone 
variously comminuted. The principal 
interest in these cases attaches to their 
treatment. Owing to the displacement 
of the fragments, and the difficulty 
there is in maintaining them in apposi- 
tion, union takes place by fibrous tissue, 
and this may subsequently stretch, pro- 
ducing wide separation of the fragments 
and permanent lameness. Various plans, 
including opening the joint and suturing 
the fragments, have been advocated for 
overcoming this difficulty. 

In the larger number of cases of 
fracture of the patella, the knee-joint is 
involved, the cartilage which covers its 
posterior surface being also torn. In 
some cases of fracture from direct vio- 
lence, however, this need not necessarily 
happen, the lesion involving only the 
superficial part of the bone; and, as 
Morris has pointed out, it is an anato- 
mical possibility, in complete fracture, if 
the lesion involve only the lower and 
non-articular part of the bone, for it to 
take place without injury to the synovial 
membrane. 


Tus Tisi (figs. 326, 328) 


The Tibia (tibia, a flute or pipe) 
is situated at the front and inner 
gide of the leg, and, excepting the 
femur, is the longest and largest 
bone in the skeleton. It is prismoid 
in form, expanded above, where it 
enters into the knee-joint, more 
slightly enlarged below. In the 
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male, its direction is vertical, and parallel with the bone of the opposite side; 
but in the female it has a slightly oblique direction downwards and outwards, 
to compensate for the oblique direction of the femur inwards. It presents for 
examination a shaft and two extremities. 

The Upper Extremity, or Head, is large, and. expanded on each side into two 
lateral eminences, the ¢wberosities. Superiorly, the wberosities present two smooth 
articular surfaces, one on either side of the middle line. The inner of these ig 
oval in shape, and slightly concave from side to side and from before backwards. 
The outer, nearly circular, is concave from side to side, but slightly convex from 
before backwards, especially at its posterior part, whcre it is prolonged on to 
the posterior surface for a short distance. The central portions of these facets 
articulate with the condyles of the femur, while their peripheral portions support 
the semilunar cartilages of the knee, which here intervene between the two 
bones. In the middle line, but nearer the posterior than the anterior aspect of 
the bone, is an eminence, the spinous process of the tibia, surmounted on each 
side by a prominent tubercle, on to the lateral aspect of which the facets, just 
described, are prolonged ; in front and behind the spinous process is a rough 
depression for the attachment of the anterior and posterior crucial ligaments and 
the semilunar fibro-cartilages (fig. 327). The anterior surfaces of the tuberosities 
are continuous with one another, forming a single large surface, which is some- 
what flattened : it is triangular, broad above, and pertorated by large vaseulay 
foramina: narrow below where it terminates in a prominent oblong elevation 


Fie. 327.—Upper surface of tibia, showing attachment of cracial ligament 
and fibro-cartilages. 
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of large size, the tubercle of the tibia, which gives attachment to the ligamentum 
patelles ; a bursa intervenes between the deep surface of the ligament and the 
part of the bone immediately above the tubercle. Posteriorly, the tuberosities 
are separated from each other by a shallow depression, the popliteal notch, 
which gives attachment to part of the posterior cracial ligament, and part of 
the posterior ligament of the knee-joint. The «cer tuberosity presents pos- 
teriorly a deep transverse groove, for the insertion of the tendon of the Semi- 
membranosus. Its lateral surface is convex, rough and prominent: it gives 
attachment to the internal lateral ligarnent. The outer tuberosity presents 
posteriorly a flat articular facet, nearly circular in form, directed downwards, 
backwards, and outwards, for articulation with the head of the fibula, Its 
lateral surface is convex and rough, more prominent in front than the internal : 
it presents an eminence, situated on a level with the upper border of the tubercle 
of the tibia at the junction of its anterior and outer surfaces, for the attachment 
of the ilio-tibial band. Just below this the Extensor longus digitoruin and a slip 
from the Biceps are attached. 

The Shaft of the tibia is of a triangular prismoid form, broad above, gradually 
decreasing in size to its most slender part, at the commencement of its lower 
fourth, where fracture most frequently occurs. It then enlarges again towards 
its lower extremity. It presents for examination three borders and three surfaces. 

The anterior border, the most prominent of the three, is called the crest of the 

yz 
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tibia, or, in popular language, the shen; it commences above at the tubercle, and 
terminates below at the anterior margin of the inner malleolus. This border is 
sinuous, prominent in the upper 


Fie. 328.—Bones of the right leg. two-thirds of its extent, smooth 
Posterior surface. and rounded below; it gives 
attachment to the deep fascia of 






the leg. 

The internal border is smooth 
and rounded above and below, 
but more prominent in the centre ; 
it commences at the back part of 
the inner tuberosity, and termi- 
nates at the posterior border of 
the internal malleolus ; its upper 
part gives attachment to the in- 
ternal lateral ligament of the knee 
FIBULA to the extent of about two inches, 

and insertion to some fibres of 
the Popliteus muscle; from its 
middle third some fibres of the 
Soleus and Flexor longus digi- 
torum muscles take origin. 

The external border, or inter- 
osseous ridge, is thin and promi- 
nent, especially its central part, 
and gives attachment to the inter- 
osseous membrane ; it commences 
above in front of the fibular arti- 
cular facet, and bifurcates below, 
to form the boundaries of a tri- 
angular rough surface, for the 
attachment of the interosseous 
ligament connecting the tibia and 
fibula. 

The internal surface is smooth, 
convex, and broader above than 
below; its upper third, directed 
forwards and inwards, is covered 
by the aponeurosis derived from 
the tendon of the Sartorius, and 
by the tendons of the Gracilis and 
Semitendinosus, all of which are 
inserted nearly as far forwards as 
the anterior border; in the rest 
of its extent it is subcutaneous. 

The external surface is nar- 
rower than the internal ; its upper 
two-thirds presents a shallow 
groove for the origin of the Tibia- 
lis anticus muscle; its lower 
third is smooth, convex, curves 
gradually forwards to the anterior 
aspect of the bone, and is covered 
from within outwards by the ten- 
dons of the following muscles: 
Tibialis anticus, Extensor pro- 
prius hallucis, Extensor longus 
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Re Au o MR | \ digitorum. 
IJS F A VE Ga The posterior surface (fig. 328) 
S D N, i VA presents, at its upper part, a pro- 
l < N minent ridge, the oblique line of 
Areiewbatdomii oa z) the tibia, which extends from the 


back part of the articular facet 
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for the fibula obliquely downwards, to the internal border, at the junction of 
its upper and middle thirds. It marks the lower limit of the insertion of the 
Popliteus muscle and serves for the attachment of the popliteal fascia ; it gives 
origin to part of the Soleus, Flexor longus digitorum, and Tibialis posticus 
muscles ; the triangular area, above and to the inner side of this line, gives 
insertion to the Popliteus muscle. The middle third of the posterior surface 
Is divided by a vertical ridge into lateral halves: the ridge is well marked at 
its commencement at the oblique line, but becomes gradually indistinct below ; 
the inner and broader half gives origin to the Flexor longus digitorum, the outer 
and narrower to part of the Tibialis posticus. The remaining part of the bone 
presents a smooth surface covered by the Tibialis posticus, Flexor longus digi- 
torum, and Flexor longus hallucis muscles. Immediately below the oblique line 
is the medullary foramen, which is large and directed obliquely downwards. 
l The Lower Extremity, much smaller than the upper, presents five surfaces ; it 
is prolonged downwards, on its inner side into a strong process, the internal 
malleolus. The inferior surface of the bone is quadrilateral, and smooth for 
articulation with the astragalus. It is concave from before backwards, broader 
in front than behind, and traversed from before backwards by a slight elevation, 
separating two lateral depressions. It is narrow internally, where the articular 
surface becomes continuous with that on the inner malleolus. The anterior 
surface of the lower extremity is smooth and rounded above, and covered by 
the tendons of the Extensor muscles of the toes; its lower margin presents a 
rough transverse depression, for the attachment of the anterior ligament of the 
ankle-joint; the posterior surface presents a superficial groove directed obliquely 
downwards and inwards, continuous with a similar groove on the posterior 
surface of the astragalus, and serving for the passage of the tendon of the 
Flexor longus hallucis; the external surface presents a triangular rough depres- 
sion for the attachment of the inferior interosseous ligament connecting it with 
the fibula ; the lower part of this depression is smooth, covered with cartilage in 
the recent state, and articulates with the fibula. The surface is bounded by two 
prominent borders, continuous above 
with the interosseous ridge; they ie. 3z9.—Plan of the development of the 
afford attachment to the anterior and tibia. By three centres, 
posterior inferior tibio-fibular liga- 
ments. The internal surface of the 
lower extremity is prolonged down- 4ppears at birth 
wards to form a strong pyramidal ` 
process, flattened from without in- 
wards—the internal malleolus. The 
inner surface of this process is convex 
and subcutaneous; its outer surface 
is smooth and slightly concave, and 
articulates with the astragalus; its 
anterior border is rough, for the at- 
tachment of the anterior fibres of the 
internal lateral or Deltoid ligament ; 
its posterior border presents a broad 
and deep groove, directed obliquely 
downwards and inwards, which is 
occasionally double; this groove 
transmits the tendons of the Tibialis 
posticus and Flexor longus digitorum 
muscles. The summit of the internal 
malleolus is marked by a rough de- 
pression behind, for the attachment | 
of the internal lateral ligament of the Appears at 2nd —f egs 
ankle-joint. year a 
Structure.— Like that of the other Lower extremity 
long bones. At the junction of the 
middle and lower thirds, where the bone is smallest, the wall of the shaft is 
thicker than in other parts, in order to compensate for the smallness of the 
calibre of the bone. 
Development.—By three centres (fig. 329): one for the shaft, and one for 
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each extremity. Ossitication commences in the centre of the shaft about the 
seventh week, and gradually extends towards either extremity. The centre 
for the upper epiphysis appears before or shertly after birth; it is flattened 
in form, and has a thin tongue-shaped process in front, which forms the 
tubercle. That for the lower epiphysis appears in the second year, ‘The 
lower epiphysis joins the shaft at about the eighteenth, and the upper one 
about the twentieth year. Two additional centres occasionally exist, ono for 
the tongue-shaped process of the upper epiphysis, which forms the tubercle, 
and one for the inner malleolus. 

Articulations.—With three hones: the femur, fibula, and astragalus. 

Attachment of Muscles.—To twelve: to the inner tuberosity, the Somi- 
membranosus; to the outer tuberosity, the Tibialis anticus and Extensor longus 
digitorum and Biceps ; to the cepa eniaua of the shaft, the Sartorius, Gracilis, 
and Semitendinosus ; to its external surface, the Tibialis anticus ; to its posterior 
surface, the Popliteus, Soleus, Flexor longus digitorum, and Tibialis posticus ; 
to the tubercle, the ligamentum patella, by which the Quadriceps extensor 
muscle is inserted into the tibia. In addition to these muscles, the Tensor 
fasciæ femoris is inserted indirectly into the tibia, through the ilio-tibial band, 
and the Peroneus longus occasionally derives a few fibres of origin from the 
outer tuberosity. 


Surface Form.—A considerable portion of the tibia is subcutaneous and easily to be felt. 
At the upper extremity the tuberosities are to be recognised Just below the knee, The 
internal one is broad and smooth, and merges into the suboutaneous surface of the shaft 
below. The external one is narrower and more prominent, and on it, about midway 
between the apex of the patella and the head of the fibula, may be felt a prominent 
tubercle for the insertion of the ilio-tibial band. In front of the upper end of the bone, 
hetween the tuberosities, is the tubercle of the tibia, forming an oval eminence, which is 
continuous below with the anterior border or crest of the bone. This border can be felt, 
forming the prominence of the shin, in the upper two-thirds of its extent as a sharp and 
flexuous ridge. In the lower third of the leg the border disappears and the bone is cou- 
cealed by the tendons of the muscles on the front of the leg. Internal to the anterior 
border is to be felt the broad internal surface of the tibia, slightly encroached upon by the 
muscles in front and behind. It commences above at the wide expanded inner tuberosity 
and terminates below at the internal malleolus. The internal malleolus is a broad 
prominence situated on a higher level and somewhat farther forwards than the external 
malleolus. It overhangs the inner border of the arch of the foot. Its anterior border 
is nearly straight, its posterior border presents a sharp edge, which forms the inner margin 
of the groove for the tendon of the Tibialis posticus musele, 


Tue FIBULA (figs. 326, 328) 


The Fibula (fibula, a clasp) is situated at the outer side of the leg. It is the 
smaller of the two bones, and, in proportion to its length, the most slender of 
all the long bones; it is placed on the outer side of the tibia, with which it is 
connected above and below. Its upper extremity is small, placed towards the 
back of the head of the tibia, below the level of the knee-joint, and excluded 
from its formation; the lower extremity inclines a little forwards, so as to be 
on a plane anterior to that of the upper end; it projects below the tibia, and 
forms the outer ankle. The bone presents for examination a shaft and two 
extremities. 

The Upper Extremity, or Head, is of an irregular quadrate form, presenting 
above a flattened articular facet, directed upwards, forwards and inwards, for 
articulation with a corresponding facet on the external tuberosity of the tibia. 
On the outer side is a thick and rough prominence, continued behind into a 
pointed eminence, the styloid process, which projects upwards from the posterior 
part of the head. The prominence, at its upper and outer part, gives attachment 
to the tendon of the Biceps muscle, and to the long external lateral ligament 
of the knee, the ligament dividing the tendon into two paris. The summit 
of the styloid process gives attachment to the short external lateral ligament. 
The remaining part of the circumference of the head is rough, for the attachment 
of muscles and ligaments. It presents in front a tubercle for the origin of 
the upper and anterior part of the Peronens longus, and the adjacent surface 
gives attachment to the anterior superior tibio-fibulay ligament; and behind, 
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another tubercle for the attachment of the posterior superior tibio-fibular 
ligament, and the origin of the upper fibres of the Soleus musele. 

The Shaft presents four borders—the antero-external, the antero-internal, the 
postero-external, and the postero-internal ; and four surfaces—anterior, posterior, 
internal, and external, 

The antero-external border commences above in front of the head, runs 
vertically downwards to a little below the middle of the bone, and then curving 
somewhat outwards, bifurcates so as to embrace a triangular subcutaneous 
surface immediately above the outer surface of the external malleolus. This 
border gives attachment to an intermuscular septum, which separates the 
Extensor muscles on the anterior surface of the leg from the Peroneus longus 
and brevis muscles on the outer surface. 

The antero-internal border, or interosseous ridge, is situated close to the 
inner side of the preceding, and runs nearly parallel with it in the upper third 
of its extent, but diverges from it so as to include a broader space in the lower 
two-thirds. It commences above just beneath the head of the bone (sometimes 
it is quite indistinct for about an inch below the head), and terminates at 
the apex of a rough triangular surface immediately above the articular facet 
of the external malleolus. It serves for the attachment of the interosseous 
membrane, which separates the Extensor muscles in front from the Flexor 
muscles behind. 

The postero-external border is prominent ; it commences above at the base 
of the styloid process, and terminates below in the posterior border of the outer 
malleolus. It is directed outwards above, backwards in the middle of its course, 
backwards and a little inwards below, and gives attachment to an aponeurosis 
which separates the Peronei muscles on the outer surface of the shaft from the 
Flexor muscles on its posterior surface. . 

The postero-internal border, sometimes called the oblique line, commences 
above at the inner side of the head, and terminates by becoming continuous with 
the antero-internal border or interosseous ridge at the lower fourth of the bone. 
It is well marked and prominent at the upper and middle parts of the bone. It 
gives attachment to an aponeurosis which separates the Tibialis posticus from 
the Soleus above and the Flexor longus hallucis below. 

The anterior surface is the interval between the antero-external and antero- 
internal borders. It is extremely narrow and fiat in the upper third of its 
extent; broader and grooved longitudinally in its lower third; it serves for 
the origin of three muscles, the Extensor longus digitorum, Extensor proprius 
hallucis, and Peroneus tertius. 

The posterior surface is the space included between the postero-external 
and the postero-internal borders; it is continuous below with the triangular 
surface above the articular facet of the outer malleolus; it is directed backwards 
above, backwards and inwards at its middle, directly inwards below. Its upper 
third is rough, for the origin of the Soleus muscle ; its lower part presents a 
triangular surface, connected to the tibia by a strong interosseous ligament, 
and between these two points the entire surface is covered by the fibres of origin 
of the Flexor longus hallucis muscle. At about the middle of this surface is the 
nutrient foramen, which is directed downwards. 

The internal surface is the interval included between the antero-internal and 
the postero-internal borders. It is directed inwards, and is grooved for the 
origin of the Tibialis posticus muscle. 

The external surface is the space between the antero-external and postero- 
external borders. It is much broader than the preceding, and often deeply 
grooved, is directed outwards in the upper two-thirds of its course, backwards 
in the lower third, where it is continuous with the posterior border of the external 
malleolus. This surface is completely occupied by the Peroneus longus and 
brevis muscles. 

The Lower Extremity, or external malleolus, is of a pyramidal form, some- 
what flattened from without inwards, and is longer, and descends lower, than the 
internal malleolus. Its external surface is convex, subcutaneous, and continuous 
with the triangular, subcutaneous surface on the outer side of the shaft. The 
internal surface presents in front a smooth triangular facet, broader above than 
below, and convex from above downwards, which articulates with a correspond- 
ing surface on the outer side of the astragalus. Behind and beneath the 
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articular surface is a rough depression, which gives attachment to the posterior 
fasciculus of the external lateral ligament of the ankle. The anterior border ig 
thick and rough, and marked below by a depression for the attachment of the 
anterior fasciculus of the external lateral ligament. The posterior border is 
broad and marked by a shallow groove, for the passage of the tendons of the 
Peroneus longus and brevis muscles. The summit is rounded, and gives attach- 
ment to the middle fasciculus of the external lateral ligament. 
In order to distinguish the side to which the bone belongs, hold it with the 
lower extremity downwards, and the broad groove for the Peronei tendons back- 
wards, i.e. towards the holder: the triangular 
Fic. 330.—Plan of the development subcutaneous surface will then be directed to 
of the fibula. By three centres. the side to which the bone belongs. 
Articulations.— With two bones: the tibia 





ki aren and astragalus. 
Appears about _ 4 3 Piisowtbout Development.— By three centres (fig. 330) : 
4th year = 25th year one for the shaft, and one for each extremity. 


Ossification commences in the shaft about 
the eighth week of foetal life, a little later 
than in the tibia, and extends gradually 
towards the extremities. At birth both ends 
are cartilaginous. Ossification commences in 
the lower end in the second year, and in the 
upper one about the fourth year. The lower 
epiphysis, the first in which ossification com- 
mences, becomes united to the shaft about 
the twentieth year ; the upper epiphysis joins 
about the twenty-fifth year. Ossification 
appearing first in the lower epiphysis is 
contrary to the rule which prevails with 
regard to the commencement of ossification 
in epiphyses, viz. that the epiphysis towards 
which the nutrient artery is directed com- 
mences to ossify last; but it follows the rule 
which prevails with regard to the union of 


Appears at $ D Unites about epiphyses, by uniting first. 
and year "(H 20th year Attachment of Muscles—To nine: to 
G the head, the Biceps, Soleus, and Peroneus 
Lower extremity longus ; to the anterior surface of the shaft, 


the Extensor longus digitorum, Peroneus 
tertius, and Extensor proprius hallucis; to the internal surface, the Tibialis 
posticus ; to the posterior surface, the Soleus and Flexor longus hallucis; to the 
external surface, the Peroneus longus and brevis. 


Surface Form.—The only parts of the fibula which are to be felt are the head, the 
lower part of the external surface of the shaft, and the external malleolus. The head is to 
be seen and felt behind and to the outer side of the outer tuberosity of the tibia. It 
presents a small, prominent, triangular eminence slightly above the level of the tubercle 
of the tibia. The external malleolus presents a narrow elongated prominence, situated on 
a plane posterior to the internal malleolus and reaching to a lower level. From it may 
be traced the lower third or half of the external surface of the shaft of the bone in the 
interval between the Peroneus tertius in front and the other two Peronei tendons behind. 

Surgical Anatomy.—In fractures of the bones of the leg, both bones are generally 
fractured, but each bone may be broken separately, the fibula more frequently than the 
tibia. Fracture of both bones may be caused either by direct or indirect violence. When 
it occurs from indirect force, the fracture in the tibia is at the junction of the middle and 
lower third of the bone. Many causes conduce to render this the weakest part of the bone. 
The fracture of the fibula is usually at rather a higher level. These fractures present great 
variety, both as regards their direction and condition. They may be oblique, transverse, 
longitudinal, or spiral. When oblique, they are for the most part the result of indirect 
violence, and the direction of the fracture is from behind, downwards, forwards, and 
inwards in many cases, but may be downwards and outwards, or downwards and back- 
wards. When transverse, the fracture is often at the upper part of the bone, and is the 
result of direct violence. The spiral fracture of the tibia generally commences as a 
vertical fissure, involving the ankle-joint, and is associated with fracture of the fibula 
higher up. It is the result of torsion, from twisting of the body while the foot is fixed. 
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Fig. 331.—Bones of the right foot. Dorsal surface. 
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Fia. 332.-—-Bones of the right foot.’ Plantar surface. 
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Fractures of the tibia alone are almost always the result of direct violence, except where 
the malleolus is broken off by twists of the foot. Fractures of the fibula alone may arise 
from indirect or direct force, those of the lower end being usually the result of the former, 
and those higher up being caused by a direct blow on the part. 

The tibia and fibula, like the femur, are often the seat of acute necrosis. Chronic 
abscess is more frequently met with in the cancellous tissue of the head and lower end of 
the tibia than in any other bone of the body. The abscess is of small size, very chronic, 
and probably the result of tuberculous osteitis in the highly vascular growing tissue at the 
end of the shaft near the epiphysial cartilage in the young subject. 

The tibia is the bone which is most commonly and most extensively distorted in rickets. 
It gives way at the junction of the middle and lower third, its weakest part, and presents 
a curve forwards with generally some lateral displacement. 


THE FOOT (figs. 331, 332) 


The skeleton of the Foot consists of three divisions: the Tarsus, Metatarsus, 
and Phalanges. 


THE TARSUS 
The bones of the Tarsus are seven in number: viz. the caleaneum or os calcis, 
astragalus, cuboid, navicular, internal, middle, and external cuneiform bones. 
THE CALCANEUM (fig. 333) 


The Caleaneum, or Os Calcis (calx, the heel), is the largest and strongest of 
the tarsal bones. It is situated at the lower and back part of the foot, serving to 
transmit the weight of the body to the ground, and forming a strong lever for the 


Fia. 333-——The left os calcis. a. Postero-external view. B. Antero-internal view. 
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muscles of the calf, It is irregularly cuboidal in form, having its long. axis 
directed forwards and outwards; it presents for examination six surfaces. 

The superior surface is formed behind by the upper aspect of that part of 
the bone which projects backwards to form the heel. This varies in length in 
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different individuals ; is convex from side to side, concave from before backwards, 
and upon it rests a mass of fat placed in front of the tendo Achillis. In front of 
this area is a large, usually somewhat oval-shaped facet, which looks upwards 
and forwards; it is convex from behind forwards, and articulates with the 
posterior calcanean facet on the under aspect of the astragalus. It is bounded 
anteriorly by a deep depression which is continued backwards and inwards in the 
form of a groove. In the articulated foot this groove lies below a similar one on 
the under aspect of the astragalus, and the two form a canal (sinus tarst) for the 
lodgment of the interosseous caleaneo-astragaloid ligament. In front and to the 
inner side of this groove is an elongated facet, concave from behind forwards, 
and with its long axis directed forwards and outwards. This facet 1s frequently 
divided into two by a notch: of the two, the posterior, and larger, 1s supported 
on a projecting process of bone, termed the sustentaculum tali, and articulates with 
the middle calcanean facet on the under aspect of the astragalus; the anterior, 
and smaller, is placed on the anterior part of the body of the bone, and articulates 
with the anterior calcanean facet on the astragalus. The outer portion of the 
upper surface of the anterior part of the bone is rough, for the attachment of 
ligaments and for the origin of the Extensor brevis digitorum muscle. 

The inferior surface is uneven, wider behind than in front, and convex 
from side to side; it is bounded posteriorly by two tubercles, separated by a 
depression; the external, small, prominent, and rounded, gives origin to 
part of the Abductor minimi digiti; the internal, broader and larger, for the 
support of the heel, gives attachment, by its prominent inner margin, to the 
Abductor hallucis, and in front to the Flexor brevis digitorum muscles and plantar 
fascia; the depression between the tubercles gives origin to the Abductor 
minimi digiti. The rough surface in front of the tubercles gives attachment to 
the long plantar ligament, and to the outer head of the Flexor accessorius 
muscle ; while to a prominent tubercle nearer the anterior part of this surface, 
as well as to a transverse groove in front of it, is attached the short plantar 
ligament. 

The external surface is broad behind and narrow in front, flat, and almost 
subcutaneous; it presents near its centre a tubercle, for the attachment of the 
middle fasciculus of the external lateral ligament. At its upper and anterior 
part, this surface gives attachment to the external calcaneo-astragaloid ligament ; 
and in front of the tubercle it presents a narrow surface marked by two oblique 
grooves, separated by an elevated ridge, or tubercle, which varies much in size in 
different bones; it is named the peroneal tubercle, and gives attachment to a 
fibrous process from the external annular ligament. The superior groove trans- 
mie the tendon of the Peroneus brevis; the inferior, the tendon of the Peroneus 
ongus. 

The internal surface is deeply concave ; it is directed obliquely downwards 
and forwards, and serves for the transmission of the plantar vessels and nerves 
into the sole of the foot: it affords attachment to part of the Flexor accessorius 
muscle. At its upper and fore part it presents an eminence of bone, the lesser 
process or sustentaculum tali, which projects horizontally inwards, and to it a 
slip of the tendon of the Tibialis posticus is attached. This process is concave 
above, and supports the middle articular surface of the astragalus ; below, it is 
grooved for the tendon of the Flexor longus hallucis. Its anterior margin gives 
attachment to the inferior calcaneo-navicular ligament, and its inner margin to a 
part of the internal lateral ligament of the ankle-joint. 

The anterior surface, of a somewhat triangular form, articulates with the 
cuboid. It is concave from above, downwards and outwards, and convex in the 
opposite direction. Its inner border gives attachment to the inferior calcaneo- 
navicular ligament. 

The posterior surface is prominent, convex, wider below than above, and 
divisible into three areas. The lowest of these is rough, and covered by the fatty 
and fibrous tissue of the heel; the middle, also rough, gives insertion to the tendo 
Achillis and Plantaris ; while the highest is smooth, and is covered by a bursa 
which intervenes between it and the tendo Achillis. 

Articulations. With two bones: the astragalus and cuboid. 

Attachment of Muscles.—To eight; part of the Tibialis posticus, the tendo 
Achillis, Plantaris, Abductor hallucis, Abductor minimi digiti, Flexor brevis 
digitorum, Flexor accessorius, and Extensor brevis digitorum. 
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THE ASTRAGALUS (fig. 334) 


The Astragalus (aorpdyados, a die) is the largest of the tarsal bones, next to 
the os calcis. It occupies the middle and upper part of the tarsus, supporting 
the tibia above, articulating with the malleoli on either side, resting below upon 


Fic. 334.—The left astragalus. a. Superior and external view. x. Inferior and 
internal view. c. Viewed from below. 
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the os calcis, and articulating in front with the navicular. This bone may easily 
be recognised by its large oval head, by the broad articular facet on its upper 
convex surface, or by the two articular facets separated by a deep groove on its 
under concave surface. It consists of a head, neck, and body. 
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The superior surface of the body presents, behind, a broad smooth trochlear 
surface, for articulation with the tibia. The trochlea is broader in front than 
behind, convex from before backwards, slightly concave from side to side: in 
front of it is the upper surface of the neck of the bone. The inferior surface pre- 
sents two articular facets separated by a deep groove. The groove runs obliquely 
forwards and outwards, becoming gradually broader and deeper in front: it 
corresponds with a similar groove upon the upper surface of the os calcis, and 
forms, when articulated with that bone, a canal (sinus tarsi) filled up in the 
recent state by the interosseous calcaneo-astragaloid ligament. Of the two 
articular facets, the posterior (posterior calcanean facet) is the larger, of an 
oblong form, and deeply concave from without inwards and forwards: it articu- 
lates with the corresponding facet on the upper surface of the os calcis; the 
anterior (middle calcanean facet) is shorter and narrower, of an elongated oval 
form, convex longitudinally, and articulates with the upper surface of the sus- 
tentaculum tali of the os calcis. The internal surface presents ab its upper part 
a, pear-shaped articular facet for the inner malleolus, continuous above with the 
trochlear surface; below the articular surface is a rough depression, for the 
attachment of the deep portion of the internal lateral ligament of the ankle-joint. 
The external surface presents a large triangular facet, concave from above down- 
wards, for articulation with the external malleolus; its anterior half is continuous 
above with the trochlear surface ; and in front of it is a rough depression for the 
attachment of the anterior fasciculus of the external lateral ligament of the 
ankle-joint. Professor E. Fawcett * has directed attention to a triangular facet 
which comes into contact with the inferior tibio-fibular ligament during flexion of 
the ankle. It is situated between the posterior half of the outer border of the 
trochlea and the corresponding part of the base of the triangular facet for the 
external malleolus of the fibula. It is triangular in shape, the apex being 
directed forwards and the base backwards. Its length from base to apex is 
from three-quarters of an inch to an inch; its breadth at the base, about a 
quarter of an inch. The posterior surface is narrow, and traversed by a groove, 
which runs obliquely downwards and inwards, and transmits the tendon of the 
Flexor longus hallucis, external to which is a prominent tubercle, to which the 
posterior fasciculus of the external lateral ligament is attached. This tubercle is 
sometimes separated from the rest of the astragalus, and is then known as the os 
trigonum. To the inner side of the groove is a second, but less marked tubercle. 

The neck is directed forwards and inwards, and comprises the constricted 
portion of the bone between the body and the oval head. Its upper and inner 
surfaces are rough, for the attachment of ligaments; its external surface is 
concave, directed downwards and outwards, and is continuous below with the 
deep groove for the interosseous calcaneo-astragaloid ligament. 

The head looks forwards and inwards, and its anterior surface presents 
a large, oval, convex facet, for articulation with the navicular. Its inferior 
surface has two facets, which are best seen in the recent condition. The 
inner of these, situated immediately in front of the middle calcaneal facet, is 
convex, triangular or semi-oval in shape, and rests on the inferior calcaneo- 
navicular ligament; the outer (anterior calcanean facet) is somewhat flattened, 
and articulates with the upper surface of the anterior part of the os calcis. 

To ascertain to which foot the bone belongs, hold it with the broad articular 
surface upwards, and the rounded head forwards ; the lateral triangular articular 
ua for the external malleolus will then point to the side to which the bone 

elongs. 

Articulations With four bones: tibia, fibula, os calcis, and navicular. 


THE Cusoip (fig. 335) 


The Cuboid (xiBos, a cube; «Sos, like) bone is placed on the outer side of 
the foot, in front of the os calcis, and behind the fourth and fifth metatarsal 
bones. It is of a pyramidal shape, its base being directed inwards, its apex 
outwards. It may be distinguished from the other tarsal bones by the existence 
of a deep groove on its under surface, for the tendon of the Peroneus longus 
muscle. It presents for examination six surfaces: three articular, and three 
non-articular. 

* Edinburgh Medical Journal, 1895. 


CUBOTD as 
The non-articular surfaces arc the superior, inferior, and external. The 
superior or dorsal surface, directed upwards aud outwards, is rough, for the 
attachment of numerous ligaments. The inferior or plantar surface presents in 
front a deep groove, which runs obliquely from without, forwards and inwards; 
it lodges the tendon of the Peroneus longus, and is bounded behind by a 
prominent ridge, to which is attached the long caleaneo-cuboid ligament. The 
ridge terminates externally in an eminence, the tuberosity of the cuboud, the surface 
of which presents a convex facet, over which the sesamoid bone or cartilage, 
frequently found in the tendon of the Peroneus longus, glides. The surface of 
hone behind the groove is rough, for the attachinent of the short plantar ligament, 
a few fibres of the Flexor brevis hallucis aud a fasciculus from the tendon of the 
Tibialis posticus. The ecternal surface, the smallest and narrowest of the three, 
presents a deep noteh formed by the commencement of the peroneal groove. 
The articular surfaces are the posterior, anterior, and internal. The posterior 
surface is smooth, triangular, and concavo-convex, for articulation with the anterior 
surface of the os caleis. The anterior surface, of smaller size, but also irregularly 


Fig. 335-— The left cuboid. a. Antoro-internal view. B. Postero-external view. 
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triangular, is divided by a vertical ridge into two facets: the imer, quadrilateral 
in forin, articulates with the fourth metatarsal bone ; the outer, larger and more 
triangular, articulates with the fifth metatarsal, The internal surface is broad, 
rough, irregularly quadrilateral, presenting at its middle and upper part a smooth 
oval facet, for articulation with the external cuneiform: bone; and behind this 
(occasionally) a smaller facet, for articulation with the navicular; if is rough in 
the ‘rest of its extent, for the attachment of strony interosseous ligaments. 

To ascertain to which foot the bone belongs, hold it so that its under surface, 
marked by the peroneal groove, looks downwards, and the large concavo-convex 
articular surface backwards, towards the holder: the narrow non-articular surface, 
marked by the commencement of the peroneal groove, will point to the side to 
which the bone belongs. 

Articulations,—--With four bones: the os calcis, external cuneiform, and the 
fourth and fifth metatarsal bones; occasionally with the navicular. 

Attachment of Muscles..—-Part of the Flexor brevis hallucis and a shp from 
the tendon of the Tibialis posticus. 


Tun Navicunan (fig. 336) 


The Navicular or Scaphoid bone is situated at the inner side of the tarsus, 
between the astragalus behind and the three cuneiform bones in front. It may 
be distinguished by its form, being concave behind, convex and subdivided into 
three facets in front. d 

The anterior surface is convex from side to side, and subdivided by two vidges 
into three facets, for articulation with the three cuneiform bones. The posterior 
surface is oval, concave, broader externally than in ternally, and articulates with 
the rounded head of the astragalus. The superior surface is convex from side to 
side, and rough for the attachment of ligaments. The inferior surface is irregular, 
and also rough for the attachment of ligaments. The internal surface presents a 
rounded tubercular eminence, the éuberosity of the navicular, the lower part of 
which projects, and gives atiachment lo part of the tendon of the Tibialis 
posticus. The external surface Is rough, and irregular, for the attachment of 
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ligamentous fibres, and occasionally presents a small facet for articulation with 
the cuboid bone. 

To ascertain to which foot the bone belongs, hold it with the concave articular 
surface backwards, and the convex dorsal surface upwards; the external surface, 


Fig. 336.—The left navicular. A. Antero-external view. B. Postero-internal view. 
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For cuboid (occasional) 
For astragalus 


i.e. the surface opposite the tubercle, will point to the side to which the bone 
belongs. 

Articulations.——With four bones : astragalus and three cuneiform ; occasionally 
also with the cuboid. | 

Attachment of Muscles.—Part of the Tibialis posticus. 


THe CUNEIFORM BONES 


The Cuneiform Bones have received their name from their wedge-like shape 
(cuneus, a wedge; forma, likeness). They are three in number, and form, with 
the cuboid, the anterior row of the tarsus, being placed between the navicular 
behind, the three innermost metatarsal bones in front, and the cuboid externally. 
They are named, from their position, internal, middle, and external. 


THE InrernaL CuUNEIFORM (fig. 337) 


The Internal Cuneiform is the largest of the three. It is situated at the inner 
side of the foot, between the navicular behind and the base of the first metatarsal 
in front. It may be distinguished from the other two by its large size, and by 
its not presenting such a distinct wedge-like form. Without the others, it may 

be known by the large kidney- 


Fie. 337.—The left internal cuneiform. _ shaped anterior articulating 
a. Antero-internal view. B. Postero-external view. surface, and by the promi- 
For rst metata real For 2nd metatarsal nence on the inferior or plan- 


For mid. tar surface for the attachment 
cuneiform of the Tibialis posticus. It 
: presents for examination six 
surfaces. 

The internal surface is 
subcutaneous, and forms part 
of the inner border of the. foot; 
it is broad, quadrilateral, and 
presents at its anterior in- 
p ferior angle a smooth oval 
S impression, into which the 

For tendon of For navicular tendon of the Tibialis anticus 

Tibialis anticus is partially inserted; in the 

rest of its extent it is rough, 

for the attachment of ligaments. The external surface is concave, presenting, 
along its superior and posterior borders, a narrow reversed L-shaped surface for 
articulation with the middle cuneiform behind, and second metatarsal bone in 
front: in the rest of its extent it is rough for the attachment of ligaments and 
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part of the tendon of the Peroneus longus. The anterior surface, kidney-shaped, 
much larger than the posterior, articulates with the metatarsal bone of the great 
toe. The posterior surface is triangular, concave, and articulates with the inner- 
most and largest of the three facets on the anterior surface of the navicular. 
The inferior or plantar surface is rough, and forms the base of the wedge ; it 
presents a prominent tuberosity at its back part for the insertion of part of the 
tendon of the Tibialis posticus, It also gives insertion in front to part of the 
tendon of the Tibialis anticus. The superior surface is the narrow pointed end 
of the wedge, which is directed upwards and outwards; it is rough for the 
attachment of ligaments. 

To ascertain to which side the bone belongs, hold it so that its superior narrow 
edge looks upwards, and the long, kidney-shaped, articular surface forwards ; the 
external surface, marked by its vertical and horizontal articular facets, will point 
to the side to which it belongs. 

Articulations.— With four bones: navicular, middle cuneiform, first and second 
metatarsal bones. 

Attachment of Muscles.—To three: the Tibialis anticus and posticus, and 
Peroneus longus. 


THE Mippie Cunerrorm (fig. 338) 


The Middle Cuneiform, the smallest of the three, is of very regular wedge- 
like form, the broad extremity being placed upwards, the narrow end downwards. 
It is situated between the other two bones of the same name, and articulates with 
the navicular behind, and the second metatarsal in front. It is smaller than the 
external cuneiform bone, from which 
it may be further distinguished by the Fra. 338.—The left middle cuneiform, 
L-shaped articular facet, which runs a. Antero-internal view. 
round the upper and back part of its B. Postero-external view. 
inner surface. 

The anterior surface, triangular in 
form, and narrower than the posterior, 
articulates with the base of the second 
metatarsal bone. The posterior sur- 
face, also triangular, articulates with 
the middle facet on the anterior sur- 
face of the navicular. The «ternal - , 
surface presents a reversed L-shaped For 2nd metatarsal For ext. cuneiform 
articular facet, running along the 
superior and posterior borders, for articulation with the internal cuneiform, 
and is rough in the rest of its extent for the attachment of ligaments. The 
external surface presents posteriorly a smooth facet for articulation with the 
external cuneiform bone. The superwr surface forms the base of the wedge; it 
is quadrilateral, broader behind than in front, and rough for the attachment 
of ligaments. The inferior surface, sharp and tubercular, is also rough for 
ligamentous attachment, and for the insertion of a slip from the tendon of the 
Tibialis posticus. 

To ascertain to which foot the bone belongs, hold its superior or dorsal 
surface upwards, the larger, triangular surface being towards the holder: the 
smooth facet (limited to the posterior border) will then point to the side to which 
it belongs. 

Articulations.— With four bones: navicular, internal and external cuneiform, 
and second metatarsal bone. 

Attachment of Muscle.—aA slip from the tendon of the Tibialis posticus is 
attached to this bone. 


For int. cuneiform For navicular 





THE EXTERNAL CUNEIFORM (fig. 339) 


The External Cuneiform, intermediate in size between the two preceding, 
is of a very regular wedge-like form, the broad extremity being placed upwards, 
the narrow end downwards. It occupies the centre of the front row of the 
tarsus between the middle cuneiform internally, the cuboid externally, the 
navicular behind, and the third metatarsal in front. It is distinguished from 
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the internal cuneiform bone by its more regular wedge-like shape, and by the 
absence of the kidney-shaped articular surface: from the middle cuneiform, 
by the absence of the reversed L-shaped facet, and by the two articular facets 
which are present on both its inner and outer surfaces, It presents six surfaces 
for examination. l l ! 

The anterior surface, triangular in form, articulates with the third metatarsal 


bone. The posterior surface articulates with the most external facet of the 
navicular, and is rough 


below for the attach- 
ment of ligamentous 
fibres. The internal 


Fic. 339.—The left external cuneiform. 
A. Postero-internal view. B. Antero-external view. 
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a AEA) $ 
anA A the base of the second 
For and “ae metatarsal bone; the 
metatarsal For 3rd metatarsal posterior one skirts the 
posterior border, and 
articulates with the middle cuneiform; the rough depression between the two 
gives attachment to an interosseous ligament. The external surface also presents 
two articular facets, separated by a rough non-articular surface; the anterior 
facet, situated at the superior angle of the bone, is small and semi-oval in 
shape, and articulates with the inner side of the base of the fourth metatarsal 
bone; the posterior and larger one is triangular or oval, and articulates with 
the cuboid; the rough, non-articular surface serves for the attachment of an 
interosseous ligament. ‘The three facets for articulation with the three meta- 
tarsal bones are continuous with one another; those for articulation with the 
middle cuneiform and navicular are also continuous, but that for articulation 
with the cuboid is usually separate. The superior or dorsal surface is of 
an oblong form; its postero-external angle being prolonged backwards. The 
inferior or plantar surface is a rounded margin, and serves for the attachment 
of part of the tendon of the Tibialis posticus, part of the Flexor brevis hallucis, 
and ligaments. 

To ascertain to which side the bone belongs, hold it with the broad dorsal 
surface upwards, the prolonged edge backwards; the separate articular facet for 
the cuboid will point to the side to which it belongs. 

Articulations —With six bones: the navicular, middle cuneiform, cuboid, 
and second, third, and fourth metatarsal bones. 

Attachment of Muscles.—To two: part of the Tibialis posticus, and Flexor 
brevis hallucis. 

The number of tarsal bones may be reduced owing to congenital ankylosis, 
which may occur between the os calcis and cuboid, the os calcis and navicular, 
the os calcis and astragalus, or the astragalus and navicular. 


Toe METATARSAL BONES 


The Metatarsal Bones are five in all, and are numbered one to five, in 
accordance with their position from within outwards ; they are long bones, and 
present for examination a shaft and two extremities. 


COMMON CHARACTERS OF THE METATARSAL BONES 


The Shaft is prismoid in form, tapers gradually from the tarsal to the 
phalangeal extremity, and is curved longitudinally, so as to be concave below, 
slightly convex above. The posterior extremity, or base, is wedge-shaped, 
articulating by its terminal surface with the tarsal bones, and by its lateral 
surfaces with the contiguous metatarsal bones: its dorsal and plantar surfaces 
are rough for the attachment of ligaments. The anterior extremity, or head, 
presents a terminal convex articular surface, oblong from above downwards, 
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and oxtonding farther hackwards: below than above. Its sides are flattened, 
and each presents a depression, surmounted by a tubercle, for ligamentous 
iitachinent. Fts under surface is grooved in the middle line for the passage 
of the Flexor tendon, and marked on each side by an articular eminence 
continuous with the terminal articular surface. 


PECULIAR CHARACTERS oF THE Maratarsau Bones 

The First (fig. 340) is remarkable for its great thickness, and is the shortest 
of all the metatarsal bones. The skaft is strong, and of well-marked prismoid 
form. The posterior extremity presents, as a rulo, no lateral articular facets, 
hut occasionally on the outer side there is an oval facet, by which it articulates 
with the second metatarsal boneg, Tts terminal articular surface is of large 
size and kidney-shaped ; its circumference is grooved, for the tarso-metatarsal 
ligaments, and internally gives insertion to part of the tendon of the Tibialis 
anticus ; its inferior angle presents a rough oval prominence for the insertion 
of the tendon of the Peroneus longus. The head is of large size; on its plantar 
surface are two grooved facets, over which glide sesmnoid bones; the facets 
are separated by a smooth elevated ridge. 

This bone is known by the single kidney-shaped articular surface on its 
hase ; the deeply grooved appearance of the plantar surface of its head ; and its 


Fira. 340-—The tirst motatarsal. Fir. 341.-—-The second metatarsal. 
(Left.) (Left.) 
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great thickness, relatively to its length. : 
When it is placed in its natural position, = /“@ 
the concave border of the kidnay-shaped  tenegarm pup middie cuneiform vor cnal 
articular surface on its hase points to the cuneiform 

foot to which the bone belongs. 

Attachment of Muscles.—'‘I'o three: part of the Tibialis anticus, the Peroneus 
longus, and the First dorsal interosseous. 

The Second (fig. 341) is the longest and largest of the remaining metatarsal 
bones, being prolonged backwards into the recess formed between the three 
cuneiform bones. Its tarsal eetremity is broad above, narrow and rough below. 
It presents four articular surfaces: one behind, of a triangular form, for articula- 
tion with the middle cuneiform; one at the upper part of its internal lateral 
surface, for articulation with the internal cunciform ; and two on its external 
lateral surface, an upper and lower, separated by a rough non-articular interval. 
Fach of these articular surfaces is divided by a vertical ridge into two, thus 
making four facets; the two anterior of these articulate with the third meta- 
tarsal; the two posterior (sometimes continuous) with the external cuneiform. 

4% 2 





340 OSTEOLOGY 


In addition to these articular surfaces, there is occasionally a fifth when this 
bone articulates with the first metatarsal bone. It is oval in shape, and is 
situated on the inner side of the shaft near the base. 

The facets on the tarsal extremity of the second metatarsal bone serve at 
once to distinguish it from the rest, and to indicate the foot to which it belongs ; 
there being one facet at the upper angle of the internal surface, and two facets, 
each subdivided into two parts, on the external surface, pointing to the foot to 
which the bone belongs. The fact that the two posterior subdivisions of these 
external facets sometimes run into one should not be forgotten. 

Attachment of Muscles.—To four: the Adductor obliquus hallucis, First and 
Second dorsal interossei, a slip from the tendon of the Tibialis posticus, and 
occasionally a slip from the Peroneus longus. 

The Third (fig. 342) articulates behind, by means of a triangular smooth 
surface, with the external cuneiform ; on its inner side, by two facets, with the 
second metatarsal; and on its outer side, by a single facet, with the fourth 
metatarsal bone. The latter facet is situated at the upper angle of the base. 


Fic. 342.~-The third metatarsal. Fre. 343.—The fourth metatarsal. 
(Left.) (Left.) 
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The third metatarsal bone is known by its having at its tarsal end two 
undivided facets on the inner side, and a single facet on the outer. This dis- 
tinguishes it from the second metatarsal, in which the two facets, found on 
one side of its tarsal end, are each subdivided into two. The single facet 
(when the bone is put in its natural position) is on the side to which the bone 
belongs. 

Attachment of Muscles.—To five: Adductor obliquus hallucis, Second and 
Third dorsal and First plantar interossei, and a slip from the tendon of the 
Tibialis posticus. 

The Fourth (fig. 343) is smaller in size than the preceding ; its tarsal extremity 
presents an oblique quadrilateral surface for articulation with the cuboid; a 
smooth facet on the inner side, divided by a ridge into an anterior portion for 
articulation with the third metatarsal, and a posterior portion for articulation 
with the external cuneiform; on the outer side a single facet, for articulation 
with the fifth metatarsal. 

The fourth metatarsal is known by its having a single facet on either side of 
the tarsal extremity, that on the inner side being divided into two parts. If this 
subdivision be not recognisable, the fact that its tarsal end is bent somewhat 
outwards will indicate the side to which it belongs. 
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Attachment of Muscles.—To five: Adductor obliquus hallucis, Third and 
Fourth dorsal and Second plantar interossei, and a slip from the tendon of 
the Tibialis posticus. 

The Fifth (fig. 344) is recognised by the tubercular eminence, the tuberosity, 
on the outer side of its base. It articulates behind, by a triangular surface cut 
obliquely from without inwards, with the 
cuboid; and internally, with the fourth Fre. 344.—The fifth metatarsal. (Left.) 
metatarsal. On the inner part of the dorsal st 
aspect of the base is inserted the tendon 
of the Peroneus tertius, and on the dorsal 
aspect of the tuberosity that of the Peroneus 
brevis. A strong band of the plantar fascia 
connects the projecting part of the tuber- 
osity with the outer tuberosity on the under 
surface of the os calcis. The plantar aspect 
of the base is grooved for the tendon of the 
Abductor minimi digiti, and gives origin to 
the Flexor brevis minimi digiti. 

The projection on the outer surface of 
this bone at its tarsal end at once distin- 
guishes it from the others, and points to 
the side to which it belongs. 

Attachment of Muscles.—To six: the 
Peroneus brevis, Peroneus tertius, Flexor 
brevis minimi digiti, Adductor transversus 
hallucis, Fourth dorsal and Third plantar 
interossei. y 

Articulations.—Each bone articulates = ror un ‘WG p 
with one or more of the tarsal bones by its metatarsal For cuboid  Tuberosity 
proximal extremity, and by the other with 
one of the first row of phalanges. The number of tarsal bones with which each 
metatarsal articulates is ane for the first, three for the second, one for the third, 
two for the fourth, and one for the fifth. 





PHALANGES 


The Phalanges of the foot, both in number and general arrangement, resemble 
those of the hand ; there being two in the great toe, and three in each of the 
other toes. They differ from them, however, in their size, the shafts being 
much reduced in length and, especially in the first row, laterally compressed. 

The phalanges of the first row closely resemble those of the hand. The shaft 
is compressed from side to side, convex above, concave below. The posterior 
extremity is concave ; and the anterior extremity presents a trochlear surface, for 
articulation with the second phalanges. 

The phalanges of the second row are remarkably small and short, but rather 
broader than those of the first row. 

The ungual phalanges, in form, resemble those of the fingers ; but they are 
smaller, flattened from above downwards, presenting a broad base for articulation 
with the second row, and an expanded extremity for the support of the nail and 
end of the toe. 

Articulations.—The first row, with the metatarsal bones behind and second 
phalanges in front; the second row, of the four outer toes, with the first and 
third phalanges ; of the great toe, with the first phalanx ; the third row, of the 
four outer toes, with the second phalanges. 

Attachment of Muscles.—To the first phalanges. Great toe, five muscles: 
innermost tendon of Extensor brevis digitoram, Abductor hallucis, Adductor 
obliquus hallucis, Flexor brevis hallucis, Adductor transversus hallucis. Second 
toe, three muscles: First and Second dorsal interossei, and First lumbrical. 
Third toe, three muscles : Third dorsal and First plantar interossei, and Second 
lumbrical. Fourth toe, three muscles: Fourth dorsal and Second plantar inter- 
ossei, and Third lumbrical. Fifth toe, four muscles: Flexor brevis minimi 
digiti, Abductor minimi digiti, Third plantar interosseous, and Fourth lum- 
brical.—Second phalanges. Great toe: Extensor longus hallucis, Flexor longus 
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hallucis. Other toes: Flexor brevis digitorum, and one slip of the common tendon 
of the Extensor longus and Extensor brevis digitorum.*—Third phalanges: 
Flexor longus digitorum, and two slips of the common tendon of the Extensor 
longus and Extensor brevis digitorum. 


DEVELOPMENT OF THE Bones OF THE Foot (fig. 345) 


The Tarsal bones are each developed by a single centre, excepting the os 
calcis, which has an epiphysis for its posterior extremity. The centres make 
their appearance in the following order: os calcis, at the sixth month of fœtal 
life; astragalus, about the seventh month; cuboid, at the ninth month ; external 


Fra. 345.—Plan of the development of the foot. 
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cuneiform, during the first year; internal cuneiform, in the third year; middle 
cuneiform and navicular, in the fourth year. The epiphysis for the posterior 
extremity of the os calcis appears at the tenth year, and unites with the rest of 
the bone soon after puberty. The tubercle on the posterior surface of the 
astragalus is sometimes ossified from a separate centre, and may remain distinct 
from the main mass of the bone, when it is named the os trigonum. 

The Metatarsal bones are each developed by two centres: one for the shaft, 
and one for the digital extremity, in the four outer metatarsals ; one for the shaft, 
and one for the proximal extremity, in the metatarsal bone of the great toe.t 
Ossification commences in the centre of the shaft about the ninth week, and 


* Except the second phalanx of the fifth toe, which receives no slip from the Extensor 
brevis digitorum. — 

+ As was noted in the first metacarpal bone, so in the first metatarsal, there is often 
a second epiphysis for its distal extremity (see footnote, page 298). 
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extends towards either extremity. The centre in the proximal end of the first 
metatarsal bone appears about the third year; the centres in the distal ends of 
the other bones between the fifth and eighth years ; they become joined between 
the eighteenth and twentieth years. 

The Phalanges are developed by éwo centres for each bone: one for the shaft, 
and one for the metatarsal extremity. The centre for the shaft appears about 
the tenth week, that for the epiphysis between the fourth and tenth years; they 
join the shaft about the eighteenth year. 


SKELETON OF THE Foot Aas A WHOLE 


The skeleton of the foot is constructed on the same principles as the hand, but 
modified to form a firm basis of support for the rest of the body when in the 
erect position. It is more solidly built up, and its component parts are less 
movable on each other than in the hand. This is especially the case with the 
great toe, which has to assist in supporting the body, and is therefore constructed 
with greater solidity; it lies parallel with the other toes, and has a very limited 
degree of mobility, whereas the thumb, which ‘is occupied in numerous and varied 
movements, is constructed in such a manner as to permit of great mobility ; its 
metacarpal bone is directed away from the others, so as to form an acute angle 
with the second, and it enjoys a considerable range of motion at its articulation 
with the carpus. The foot is placed at right angles to the leg—a position which 
is almost peculiar to man, and has relation to the erect position which he 
maintains. In order to allow of its supporting the weight of the whole body in 
this position with the least expenditure of material, it is constructed in the form 
of anarch. This arch is not, however, made up of two equal limbs. The hinder 
one, which is made up of the os calcis and the posterior part of the astragalus, is 
about half the length of the anterior limb, and measures about three inches. The 
anterior limb consists of the rest of the tarsal and the metatarsal bones, and 
measures about seven inches. It may be said to consist of two parts, an inner 
segment made up of the head of the astragalus, the navicular, the three cuneiforms, 
and the three inner metatarsal bones; and an outer ségment composed of the os 
calcis, the cuboid and the two outer metatarsal bones. The summit of the arch 
is at the superior articular surface of the astragalus ; and its two extremities—that 
is to say the two piers on which the arch rests in standing—are the tubercles on 
the under surface of the os calcis posteriorly, and the heads of the metatarsal bones 
anteriorly. The weakest part of the arch is the joint between the astragalus and 
scaphoid, and here it is more liable to yield in those who are overweighted, and 
in those in whom the ligaments which complete and preserve the arch are relaxed. 
This weak point in the arch is braced on its concave surface by the inferior 
caleaneo-navicular ligament, which is more elastic than most other ligaments, 
and thus allows the arch to yield from jars or shocks applied to the anterior 
portion of the foot, and quickly restores it to its pristine condition. This ligament 
is supported internally by blending with the Deltoid or internal lateral. ligament 
of the ankle, and inferiorly by the tendon of the Tibialis posticus muscle, which 
is spread out into a fan-shaped insertion, and prevents undue tension of the 
ligament or such an amount of stretching as would permanently elongate 1t. 

In addition to this longitudinal arch the foot presents a transverse arch, at the 
anterior part of the tarsus and hinder part of the metatarsus. This, however, 
can scarcely be described as a true arch, but presents more the character of a 
half-dome. The inner border of the central portion of the longitudinal arch is 
elevated from the ground, and from this point the bones arch over to the outer 
border, which is in contact with the ground, and, assisted by the longitudinal 
arch, produce a sort of rounded niche on the inner side of the foot, which gives 
the appearance of a transverse as well as a longitudinal arch. l 

The line of the foot, from the point of the heel to the toes, is not quite 
straight, but is directed slightly outwards, so that the inner border is a little 
convex and the outer border concave. This disposition of the bones becomes 
more marked when the longitudinal arch of the foot is lost, as in the disease 
known under the name of ‘ flat-foot.’ i 


Surface Form.—On the dorsum of the foot the individual: bones are not to be 
distinguished, with the exception of the head of the astragalus, which forms a rounded 
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projection in front of the ankle-joint when the foot is forcibly extended. The whole surface 
forms a smooth convex outline, the summit of which is the ridge formed by the head of 
the astragalus, the navicular, the middle cuneiform, and the second metatarsal bones ; 
from this it gradually inclines outwards and more rapidly inwards. On the inner side of 
the foot, the internal tuberosity of the os calcis and the ridge separating the inner from 
the posterior surface of the bone may be felt most posteriorly. In front of this, and below 
the internal malleolus, may be felt the projection of the sustentaculum tali. Passing 
forwards is the well-marked tuberosity of the navicular bone, situated about an inch or an 
inch and a quarter in front of the internal malleolus. Farther towards the front, the ridge 
formed by the base of the first metatarsal bone can be obscurely felt, and from this the 
shaft of the bone can be traced to the expanded head articulating with the base of the first 
phalanx of the great toe. Immediately beneath the base of this phalanx, the internal 
sesamoid bone is to befelt. Lastly, the expanded ends of the bones forming the last joint 
of the great toe are to be felt. On the outer side of the foot the most posterior bony point 
is the outer tuberosity of the os calcis, with the ridge separating the posterior from the 
outer surface of the bone. In front of this the greater part of the external surface of the 
os calcis is subcutaneous ; on it, below and in front of the external malleolus, may be felt 
the peroneal ridge, when this process is present. Farther forwards, the base of the 
fifth metatarsal bone forms a prominent and well-defined landmark, and in front of this 
the shaft of the bone, with its expanded head, and the base of the first phalanx, may be 
made out. The sole of the foot is almost entirely covered by soft parts, so that but few 
bony parts are to be made out, and these somewhat obscurely. The hinder part of the 
under surface of the os calcis and the heads of the metatarsal bones, with the exception of 
the first, which is concealed by the sesamoid bones, may be recognised. 

Surgical Anatomy.—-Considering the injuries to which the foot is subjected, it is 
surprising how seldom the tarsal bones are fractured. This is no doubt due to the fact 
that the tarsus is composed of a number of bones, articulated by a considerable extent of 
surface and joined together by very strong ligaments, which serve to break the force of 
violence applied to this part of the body. When fracture does occur, these bones being 
composed for the most part of a soft cancellous structure, covered only by a thin shell 
of compact tissue, are often extensively comminuted, especially as most of the fractures 
are produced by direct violence; and, having only a very scanty amount of soft parts over 
them. the fractures are very often compound, and amputation is often necessary. 

When fracture occurs in the anterior group of tarsal bones, it is almost invariably the 
result of direct violence; but fractures of the posterior group—that is, of the caleaneum and 
astragalus—are usually produced by falls from a height on to the feet; though fracture 
of the os calcis may be caused by direct violence or by muscular action. The posterior 
part of the bone—that is, the part behind the articular surfaces—is the most common 
seat of the fracture, though some few cases of fracture of the sustentaculum tali and 
of vertical fracture between the two articulating facets have been recorded. The neck of 
the astragalus, being the weakest part of the bone, is most frequently fractured, though 
fractures may occur in any part and almost in any direction, either associated or not with 
fracture of other bones. 

In cases of club-foot, especially in congenital cases, the bones of the tarsus become 
altered in shape and-size, and displaced from their proper positions, This is principally 
the case in congenital equino-varus, in which the astragalus, particularly about the head, 
becomes twisted and atrophied, and a similar condition may be present in the other bones, 
more especially the navicular. The tarsal bones are peculiarly liable to become the seat 
of tuberculous caries from comparatively trivial injuries. There are several reasons to 
account for this. They are composed of a delicate cancellated structure, surrounded by 
intricate synovial membranes. They are situated at the farthest point from the central 
organ of the circulation and exposed to vicissitudes of temperature ; and, moreover, on their 
dorsal surface are thinly clad with soft parts which have but a scanty blood-supply. And 
finally, after slight injuries, they are not maintained in a condition of rest to the same 
extent as some other parts of the body after similar injuries. Caries of the calcaneum or 
astragalus may remain limited to the ore bone for a long period, but whén one of the other 
bones is affected, the remainder frequently become involved, in consequence of the disease 
spreading through the large and complicated synovial membrane which is more or less 
common to these bones. 

Amputation of the whole or a part of the foot is often required either for injury or 
disease. The principal amputations are as follows : (1) Syme’s: amputation at the ankle- 
joint by a heel-flap, with removal of the malleoli and sometimes a thin slice from the 
lower end of the tibia. (2) Roux’s: amputation at the ankle-joint by a large internal flap. 
(3) Pirogoff,s amputation : removal of the whole of the tarsal bones, except the posterior 
part of the os calcis, and a thin slice from the tibia and fibula including the two malleoli. 
The sawn surface of the os calcis is then turned up and united to the similar surface of 
the tibia. (4) Subastragaloid amputation : removal of the foot below the astragalus through 
the joint between it and the os calcis. This operation has been modified by Hancock, 
who leaves the posterior third of the os calcis and turns it up against the denuded surface 
of the astragalus. This latter operation is of doubtful utility, and is rarely performed. 
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(5) Chopart’s or medio-tarsal: removal of the anterior part of the foot with all the tarsal 
bones except the os calcis and astragalus; disarticulation being effected through the 
astragalo-scaphoid and calcaneo-cuboid joints. (6) Lisfranc’s: amputation of the anterior 
part of the foot through the tarso-metatarsal joints. This has been modified by Hey, who 
disarticulated through the joints of the four outer metatarsal bones with the tarsus, and 
sawed off the projecting internal cuneiform ; and by Skey, who sawed off the base of the 
second metatarsal bone and disarticulated the others. 

The bones of the tarsus occasionally require removal individually. . This is especially 
the case with the astragalus and os calcis for disease limited to the one bone, or again the 
astragalus may require excision in cases of subastragaloid dislocation, or, as recommended 
by Lund, in cases of inveterate talipes. The cuboid has been removed for the same 
reason by Solly. But both these two latter operations have fallen very much into 
disuse, and have been superseded by resection of a wedge-shaped piece of bone from the 
outer side of the tarsus. Finally, Mickulicz and Watson have devised operations for the 
removal of more extensive portions of the tarsus. Mickulicz’s operation consists in the 
removal of the os calcis and astragalus, along with the articular surfaces of the tibia and 
fibula, and also of the scaphoid and cuboid. The remaining portion of the tarsus is then 
brought into contact with the sawn surfaces of the tibia and fibula, and fixed there. The 
result is a position of the shortened foot resembling talipes equinus. Watson’s operation 
is adapted to those cases where the disease is confined to the anterior tarsal bones. By 
two lateral incisions he saws through the bases of the metatarsal bones in front and 
opens up the joints between the scaphoid and astragalus, and the cuboid and os calcis, 
and removes the intervening bones. 

The metatarsal bones and phalanges are nearly always broken by direct violence, and 
in the majority of cases the injury is the result of severe crushing accidents, necessitating 
amputation. The metatarsal bones, and especially that of the great toe, are frequently 
diseased, either in tuberculous subjects or in perforating ulcer of the foot. 


SESAMOID BONES 


The sesamoid bones are small, more or less rounded masses, cartilaginous in 
early life, which are developed in those tendons which exert a great amount 
of pressure upon the parts over which they glide. It is said that they are more 
commonly found in the male than in the female, and in persons of an active 
muscular habit than in those who are weak and debilitated. They are invested 
throughout their whole surface by the fibrous tissue of the tendon in which they 
are found, excepting upon that side which lies in contact with the part over which 
they play, where they present a free articular facet. They may be divided into 
two kinds: those which glide over the articular surfaces of joints, and those 
which play over the cartilaginous facets found on the surfaces of certain bones. 

The sesamoid bones of the joints in the upper extremity are two on the palmar 
surface of the metacarpo-phalangeal joint in the thumb, developed in the tendons 
of the Flexor brevis pollicis; of these the internal is the larger ; sometimes one 
or two opposite the metacarpo-phalangeal articulations of the index and little 
fingers; and, still more rarely, one opposite the same joints of the third and 
fourth fingers, at the interphalangeal joint of the thumb and at the articulation 
between the second and third phalanges of the index finger. In the lower 
extremity they consist of the patella, which is developed in the tendon of the 
Quadriceps extensor muscle ; two small sesamoid bones, of which the inner is 
the larger, found in the tendons of the Flexor brevis hallucis, opposite the 
metatarso-phalangeal joint of the great toe; occasionally one at the metatarso- 
phalangeal joints of the second and fifth toes, and, still more rarely, at the 
corresponding joints of the third and fourth toes, or at the interphalangeal joint 
of the great toe. 

Those found in the tendons which glide over certain bones occupy the follow- 
ing situations : one sometimes found in the tendon of the Biceps cubiti, opposite 
the tuberosity of the radius ; one in the tendon of the Peroneus longus, where it 
glides through the groove in the cuboid bone; one, appearing late in life, in the 
tendon of the Tibialig anticus, opposite the smooth facet of the internal cuneiform 
bone; one is found in the tendon of the Tibialis posticus, opposite the inner side 
of the head of the astragalus; one in the outer head of the Gastrocnemius, 
behind the outer condyle of the femur ; and one in the conjoined tendon of the 
Psoas and Iliacus, where it glides over the os pubis. Sesamoid bones are found 
occasionally in the tendon of the Gluteus maximus, as it passes over the great 
trochanter ; and in the tendons which wind round the inner and outer malleoli. 


THE ARTICULATIONS 


HE various bones of the Skeleton are connected together at different parts 
of their surfaces, and such a connection is designated by the name of Jont 
or Articulation. If the joint is immovable, as between the cranial and most 
of the facial bones, the adjacent margins of the bones are applied in almost 
close contact, a thin layer of fibrous membrane, the sutural ligament, and, at 
the base of the skull, in certain situations, thin layer of cartilage being inter- 
posed. Where slight movement is required, combined with great strength, the 
osseous surfaces are united by tough and elastic fibro-cartilages, as in the joints 
between the vertebral bodies and in the interpubic articulation ; but in the movable 
joints, the bones forming the articulation are generally expanded for greater 
convenience of mutual connection, covered by cartilage, held together by strong 
bands or capsules of fibrous tissue, called ligaments, and partially lined by a 
membrane, the synovial membrane, which secretes a fluid to lubricate the various 
parts of which the joint is formed : so that the structures which enter into the 
formation of a movable joint are bone, cartilage, fibro-cartilage, ligament, and 
synovial membrane. 

Bone constitutes the fundamental element of all the joints. In the long bones, 
the extremities are the parts which form the articulations; they are generally 
somewhat enlarged, and consist of spongy cancellous tissue with a thin coating of 
compact substance. In the flat bones, the articulations usually take place at 
the edges; and in the short bones at various parts of their surface. The layer 
of compact bone which forms the joint surface, and to which the articular 
cartilage is attached, is called the articular lamella. It is white, extremely 
dense, and varies in thickness. Its structure differs from ordinary bone- 
tissue in this respect, that it contains no Haversian canals, and its lacunæ 
are larger than in ordinary bone, and have no canaliculi, The vessels of the 
cancellous tissue, as they approach the articular lamella, turn back in loops, and. 
do not perforate it; this layer is consequently denser and firmer than ordinary 
bone and is evidently designed to form an unyielding support for the articular 
cartilage. 

The articular cartilage, which covers the articular surfaces of bone, is of the 
hyaline variety, and has been described in the section on General Anatomy. 
Ligaments, properly so called, are peculiar to the movable joints, and serve 
to connect together the articular surfaces of bones. They are composed mainl 
of bundles of white fibrous tissue placed parallel with, or closely interlaced wit 
one another, and presenting a white, shining, silvery aspect. In the freely 
movable joints, or diarthrodia, they form envelopes or capsules connecting 
together the articular extremities of bones. These capsules in particular places 
undergo thickening and form strong ligamentous bands, which, though strictly 
speaking constituent parts of the capsule, are usually described as distinct 
ligaments. A ligament is pliant and flexible, so as to allow of the most perfect 
freedom of movement, but strong, tough, and inextensile, so as not to yield 
readily under the most severely applied force ; it is consequently well adapted 
to serve as the connecting medium between the bones. Some ligaments consist 
entirely of yellow elastic tissue, as the ligamenta, subflava, which connect together 
the laminee of adjacent vertebræ, and the ligamentum nuche in the lower animals. 
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In these cases it will be observed that the elasticity of the ligament is intended 
to act as a substitute for muscular power. 

Synovial membrane is composed of a thin, delicate connective tissue, with 
branched connective-tissue corpuscles. Its secretion is thick, viscid, and glairy, 
like the white of egg; and is hence termed synovia. The synovial membranes 
in - body admit of subdivision into three kinds—articular, bursal, and 
vaginal. 

The articular synovial membranes are found in all the freely movable joints. 
The membrane invests the inner surface of the capsule enclosing the joint, and is 
reflected over the surface of any tendons passing through its cavity, as the tendon 
of the Popliteus in the knee, and the tendon of the Biceps in the shoulder. Hence 
the articular synovial membrane may be regarded as a short wide tube, 
attached by its open ends to the margins of the articular cartilages and cover- 
ing the inner surface of the various ligaments which connect the articular 
surfaces, so that along with the cartilages it completely encloses the joint 
cavity. In the foetus this membrane is said, by Toynhee, to be continued 
over the surface of the cartilages; but in the adult it is wanting, excepting 
at their circumference, upon which it encroaches for a short distance and to 
which it is firmly attached. In some of the joints the synovial membrane is 
thrown into folds, which pass across the cavity. They are called synovial liga- 
ments, and are especially distinct in the knee. In other joints there are flattened 
folds, subdivided at their margins into fringe-like processes, the vessels of which 
have a convoluted arrangement. These latter generally project from the synovial 
membrane near the margin of the cartilage, and lie flat upon its surface. They 
consist of connective tissue, covered with endothelium, and contain fat-cells in 
variable quantities, and, more rarely, isolated cartilage-cells. The larger folds 
often contain considerable quantities of fat. They were described, by Clopton 
Havers, as mucilaginous glands, and as the source of the synovial secretion. 
Under certain diseased conditions, similar processes are found covering the 
entire surface of the synovial membrane, forming a mass of pedunculated fibro- 
fatty growths, which projects into the joint. Similar structures are also found 
in some of the bursal and vaginal synovial membranes. 

The bursal synovial membranes are found interposed between surfaces which 
move upon each other, as in the gliding of a tendon, or of the integument 
over projecting bony surfaces. They admit of subdivision into two kinds, the 
burse mucose and the burse synoviae. The burse mucose are large, simple, or 
irregular cavities in the subcutaneous areolar tissue, enclosing a clear viscid 
fluid. They are found in various situations, as betweer the integument and 
the front of the patella, over the olecranon, the malleoli, and other prominent 
parts. The burse synovie are found interposed between muscles or teridons as 
they play over projecting bony surfaces, as between the Glutei muscles and the 
surface of the great trochanter. They consist of a thin wall of connective tissue, 
partially covered by patches of cells, and contain a viscid fluid. Where one of 
these exists in the neighbourhood of a joint, is may communicate with its cavity, 
as in the case of the bursa between the tendon of the Psoas and Iliacus and the 
capsular ligament of the hip, or that interposed between the deep surface of the 
Subscapularis and the capsular ligament of the shoulder-joint. 

The vaginal synovial membranes (synovial sheaths) serve to facilitate the gliding 
of tendons in the osseo-fibrous canals through which they pass. The membrane 
is here arranged in the form of a sheath, one layer of which adheres to the wall 
of the canal, and the other is reflected upon the surface of the enclosed tendon; 
the space between the two free surfaces of the membrane containing synovia. 
These sheaths are chiefly found surrounding the tendons of the flexor and 
extensor muscles of the fingers and toes, as they pass through the osseo-fibrous 
canals in the hand or foot. 

Synovia is a transparent, yellowish-white, or slightly reddish fluid, viscid like 
the white of egg, having an alkaline reaction and slightly saline taste. It con- 
sists, according to Frerichs, in the ox, of 94°85 water, 0°56 mucus and epithelium, 
o'o7 fat, 3°51 albumen and extractive matter, and o'99 salts. 
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CLASSIFICATION OF JOINTS 


The articulations are divided into three classes: synarthrosis, or immovable ; 
amphiarthrosis, or mixed; and diarthrosis, or movable joints. 


1. SYNARTHROSIS. ImMOVABLE ARTICULATIONS 


Synarthrosis includes all those articulations in which the surfaces of the 
bones are in almost direct contact, fastened together by an intervening mass of 
connective tissue or hyaline cartilage, and in which there is no appreciable 
motion, as the joints between the bones of the cranium and face, excepting those 
of the lower jaw. The varieties di synarthrosis are four in number: Sutura, 
Schindylesis, Gomphosis, and Synchrondrosis. l 

Sutura (a seam) is that form of articulation where the contiguous margins of 
flat bones are united by a thin layer of fibrous tissue. It is met with only in the 
skull. When the articulating surfaces are connected by a series of processes 
and indentations interlocked together, it is termed a true suture (sutura vera) ; 
of which there are three varieties: sutura dentata, serrata, and limbosa. The 
surfaces of the bones are not in direct contact, being separated by a layer of 
membrane, continuous externally with the pericranium, internally with the dura 
mater. The sutura dentata (dens, a tooth) is so called from the tootb-like form of 
the projecting articular processes, as in the suture between the parietal bones. In 
the sutura serrata (serra, a saw) the edges of the two bones forming the articula- 
tion are serrated like the teeth of a fine saw, as between the two portions of the 
frontal bone. In the sutura limbosa (limbus, a selvage), besides the dentated pro- 
cesses, there is a certain degree of bevelling of the articular surfaces, so that the 
bones overlap one another, asin the suture between the parietal and frontal bones. 
When the articulation is formed by roughened surfaces placed in apposition 
with one another, it is termed a false suture (sutwra notha), of which there are 
two kinds, the sutura squamosa (squama, a scale), formed by the overlapping of 
two contiguous bones by broad bevelled margins, as in the squamo-parietal 
(squamous) suture ; and the sutura harmonia (dppovia, a joining together), where 
there is simple apposition of two contiguous rough bony surfaces, as in the 
articulation between the two superior maxillary bones, or of the horizontal 
plates of the palate bones. | 

Schindylesis (cyvdvAyors, a fissure) is that form of articulation in which a 
thin plate of bone is received into a cleft or fissure formed by the separation of 
two lamine in another bone, as in the articulation of the rostrum of the sphenoid 
and perpendicular plate of the ethmoid with the vomer, or in the reception of the 
latter in the fissure between the superior maxillary and palate bones. 

Gomphosis (yéudos, a nail) is an articulation formed by the insertion of a 
conical process into a socket, as a nail is driven into a board ; this is not illus- 
trated by any articulation between bones, properly so called, but is seen in the 
articulation of the teeth with the alveoli of the maxillary bones. 

Synchondrosis.—Where the connecting medium is cartilage the joint is 
termed a synchondrosis. This is a temporary form of joint, for the cartilage 
becomes converted into bone before adult life. Such a joint is found between 
the epiphyses and shafts of long bones, and in the junction between the occipital 
bone and the sphenoid and between the petrous portion of the temporal bone and 
the jugular process of the occipital bone. 


2. AMPHIARTHROSIS. MIXED ARTICULATIONS 


In this form of articulation only a slight amount of movement is possible, 
the contiguous osseous surfaces being either connected together by broad 
flattened discs of fibro-cartilage, of a more or less complex structure, which 
adhere to each bone, as in the articulation between the bodies of the vertebre, 
and in the pubic symphysis. This is termed Symphysis. Or, secondly, the 
bony surfaces are united by an interosseous ligament, as in the inferior tibio- 
fibular articulation. To this the term Syndesmosis is applied. 
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3. DIARTHROSIS. MOVABLE ARTICULATIONS 


This form of articulation includes the greater number of the joints in the body 
mobility being their distinguishing character. They are formed by the approxi- 
mation of two contiguous bony surfaces, covered with cartilage, connected by 
ligaments, and lined by synovial membrane. The varieties of joints in this class 
have been determined by the kind of motion permitted in each. There are two 
varieties in which the movement is uniaxial; that is to say, all movements take 
place around one axis. In one form, the Ginglymyus, this axis is practically 
speaking transverse ; in the other, the Trochoid or pivot-joint, it is longitudinal. 
There are two varieties where the movement is biaxial, or around two horizontal 
axes at right angles to each other, or at any intervening axis between the two. 
These are the Condyloid and saddle-joint. There is one form of joint where the 
movement is polyaxial, the Enarthrosis or ball-and-socket joint. And finally 
there are the Arthrodia or gliding joints. 

Ginglymus or Hinge-joint (yiyyAvpos, a hinge).—In this form of joint the 
articular surfaces are moulded to each other in such a manner as to permit 
motion only in one plane, forwards and backwards; the extent of motion at the 
same time being considerable. The direction which the distal bone takes in 
this motion is never in the same plane as that of the axis of the proximal bone, 
but there is always a certain amount of alteration from thé straight line during 
flexion. The articular surfaces are connected together by strong lateral liga- 
ments, which form their chief bond of union. The most perfect forms of 
ginglymus are the interphalangeal joints and the joint between the humerus 
and ulna; the knee and ankle are less perfect, as they allow a slight degree 
of rotation or lateral movement in certain positions of the limb. 

Trochoid (pivot-joint).—Where the movement is limited to rotation, the 
joint is formed by a pivot-like process turning within a ring, or the ring on the 
pivot, the ring being formed partially of bone, partly of ligament. In the 
superior radio-ulnar articulation, the ring is formed partly by the lesser sigmoid 
cavity of the ulna; in the rest of its extent, by the orbicular ligament; here, 
the head of the radius rotates within the ring. In the articulation of the 
odontoid process of the axis with the atlas, the ring is formed in front by the 
anterior arch of the atlas; behind, by the transverse ligament; here, the ring 
rotates round the odontoid process. 

Condyloid Articulation.—In this form of joint, an ovoid articular head, or 
condyle, is received into an elliptical cavity in such a manner as to permit of 
flexion and extension, adduction and abduction and circumduction, but no 
axial rotation. The articular surfaces are connected together by anterior, 
posterior, and lateral ligaments. An example of this form of joint is found 
in the wrist. 

Articulation by Reciprocal Reception (saddle-joint)—In this variety the 
articular surfaces are concavo-convex ; that is to say, they are inversely convex 
in one direction and concave in the other. The movements are the same as 
in the preceding form; that is to say, there is flexion, extension, adduction, 
abduction, and circumduction, but no axial rotation. The articular surfaces 
are connected by a capsular ligament. The best example of this form of joint 
is the carpo-metacarpal joint of the thumb. 

Enarthrosis is that form of joint in which the distal bone is capable of 
motion around an indefinite number of axes, which have one common centre. 
It is formed by the reception of a globular head into a deep cup-like cavity 
(hence the name ‘ball-and-socket’), the parts being kept in apposition by a 
capsular ligament strengthened by accessory ligamentous bands. Examples 
of this form of articulation are found in the hip and shoulder. 

Arthrodia is that form of joint which admits of a gliding movement; it is 
formed by the approximation of plane surfaces, or one slightly concave, the 
other slightly convex; the amount of motion between them being limited by 
the ligaments, or osseous processes, surrounding the articulation ; as in the 
articular processes of the vertebre, the carpal joints, except that of the os 
magnum with the epod and semilunar bones, and the tarsal joints with the 
exception of the joint between the astragalus and the navicular. 

On the next page, in a tabular form, are the names, distinctive characters, 
and examples of the different kinds of articulations. 


Synarthrosis, 
or Immovable 
Joint. Surfaces 
separated by fi- 
brous membrane 
or cartilage, 
without any in- 
tervening syno- 
vial cavity, and 
immovably con- 
nected with each 
other. As in 
joints of cranium 
and face (except 
the lower jaw). 


Amphiarthrosis, | 
Mixed Articula- “ 


— articulations. 


tion. 


Diarthrosis, 
Movable Joint. 


| 


f 


ARTICULATIONS 


Dentata, having 
tooth -iike processes. 
As in interparietal su- 

ture. 


Serrata, having ser- 
rated edges like the 
teeth of a saw. As 
in interfrontal suture. 


| 
| Limbosa, having be- 


j Sutura vera 

_ (true) mie onal 
by indented bor- 
ders. 


velled margins, and 
dentated processes. As 
in fronto-parietal su- 


Sutura. År- 
ticulation by 
processes and 


indentations ture. 
interlocked to- Squamosa, formed by 
gether. thin bevelled margins, 


overlapping each other. 
As in squamo-parietal 
suture. 

Harmonia, formed by 
the apposition of con- 
tiguous rough surfaces. 
As in intermaxillary 
suture. 

Schindylesis—Articulation formed by the reception of a 
thin plate of one bone into a fissure of another. As in 
articulation of rostrum of sphenoid with vomer. 

Gomphosis.—Articulation formed by the insertion of a 
conical process into a socket. As in the teeth. 

Synchondrosis—When the connecting medium is carti- 
lage, as in the occipito-sphenoid joint. 

Symphysis.—Surfaces connected by fibro-cartilage, not 
separated by synovial membrane, and having limited motion. 
As in joints between bodies of vertebre. 

Syndesmosis.—Surfaces united by an interosseous liga- 
ment. As in the inferior tibio-fibular articulation. 

Ginglymus.—Hinge-joint ; motion limited to two direc- 
tions, forwards and backwards. Articular surfaces fitted 
together so as to permit of movement in one plane. As 
in the interphalangeal joints and the joint between the 
humerus and the ulna. 

Trochoides or Pivot-joint.—Articulation by a pivot process 
turning within a ring, or ring around a pivot. As in superior 
radio-ulnar articulation, and atlanto-axial joint. 

Condyloid.—Ovoid head received into elliptical cavity. 
Movements in every direction except axial rotation. As 
the wrist-joint. 

Reciprocal Reception (Saddle-joint).—Articular surfaces 
inversely convex in one direction and concave in the other. 
Movement in every direction except axial rotation. As in 
the carpo-metacarpal joint of the thumb. 

Enarthrosis.—Ball-and-socket joint; capable of motion 
in all directions. Articulations by a globular head received 
into a cup-like cavity. As in hip- and shoulder-joints. 

Arthrodia.—Gliding-joint ; articulations by plane sur- 
faces, which glide upon each other. As in carpal and tarsal 


Sutura notha 
| (false) articulate . 
| by rough surfaces. 





Tse Kinps oF MOVEMENT ADMITTED IN JOINTS 


The movements admissible in joints may be divided into four kinds: gliding 
angular, circumduction, and rotation. These movements are often, however, 
more or less combined in the various joints, so as to produce an infinite variety, 
and it ig seldom that we find only one kind of motion in any particular joint. 
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_ Gliding movement is the simplest kind of motion that can take place in a 
joint, one surface gliding or moving over another without any angular or rotatory 
movement. It is common to all movable joints; but in some, as in most of the 
articulations of the carpus and tarsus, it is the only motion permitted. This 
movement is not confined to plane surfaces, but may exist between any two 
contiguous surfaces, of whatever form, limited by the ligaments which enclose 
the articulation. 

Angular movement occurs only between the long bones, and by it the angle 
between the two bones is increased or diminished. It may take place in four 
directions: forwards and backwards, constituting flexion and extension, or 
inwards and outwards, from the mesial line of the body (or in the fingers and 
toes from the middle line of the hand or foot), constituting adduction and 
abduction. The strictly ginglymoid or hinge-joints admit of flexion and exten- 
sion only. Abduction and adduction, combined with flexion and extension, are 
met with in the more movable joints; as in the hip, shoulder, and metacarpal 
joint of the thumb, and partially in the wrist. 

Circumduction is that degree of motion which takes place between the head 
of a bone and its articular cavity, while the limb is made to circumscribe a 
conical space, the base of which corresponds with the inferior extremity of the 
limb, the apex with the articular cavity ; this kind of motion is best seen in the 
shoulder- and hip-joints. 

Rotation is the movement of a bone around an axis; the latter may be formed 
by a separate bone, as in the case of the pivot formed by the odontoid process of 
the axis around which the atlas turns; or a bone may rotate around its own 
longitudinal axis, as in the rotation of the humerus and femur at the shoulder- 
and hip-joints respectively ; or the axis of rotation may not be quite parallel to 
the long axis of the bone, as in the movement of the radius on the ulna during 
pronation and supination of the hand, where the axis of rotation is represented 
by a line connecting the centre of the head of the radius above with the centre 
of the head of the ulna below. 

Ligamentous Action of Muscles——The movements of the different joints of a 
limb are combined by means of the long muscles which pass over more than 
one joint, and which, when relaxed and stretched to their greatest extent, act 
as elastic ligaments in restraining certain movements of one joint, except 
when combined with corresponding movements of the other—these latter 
movements being usually in the opposite direction. Thus the shortness of the 
hamstring muscles prevents complete flexion of the hip, unless the knee-joint 
is also flexed, so as to bring their attachments nearer together. The uses of this 
arrangement are threefold. 1. It co-ordinates the kinds of movement which 
are the most habitual and necessary, and enables them to be performed with the 
least expenditure of power. ‘Thus in the usual gesture of the arms, whether 
in grasping or rejecting, the shoulder and the elbow are flexed simultaneously, 
and simultaneously extended,’ in consequence of the passage of the Biceps and 
Triceps cubiti over both joints. 2. It enables the short muscles which pass over 
only one joint to act upon more than one. ‘Thus, if the Rectus femoris remain 
tonically of such length that, when stretched over the extended hip, it compels 
extension of the knee, then the Gluteus maximus becomes, not only an extensor 
of the hip, but an extensor of the knee as well.’ 3. It provides the joints with 
ligaments which, while they are of very great power in resisting movements to 
an extent incompatible with the mechanism of the joint, at the same time spon- 
taneously yield when necessary. ‘Taxed beyond its strength a ligament will be 
ruptured, whereas a contracted muscle is easily relaxed; also, if neighbouring 
joints be united by ligaments, the amount of flexion or extension of each must 
remain in constant proportion to that of the other ; while, if the union be by 
muscles, the separation of the points of attachment of those muscles may vary 
considerably in different varieties of movement, the muscles adapting themselves 
tonically to the length required.’ The quotations are from a very interesting 
paper by Cleland in the ‘Journal of Anatomy and Physiology,’ No. 1, 1866, 
p. 85; by whom this important fact in the mechanism of joints was first 
clearly pointed out, though it was independently observed afterwards by other 
anatomists. W. W. Keen points out how important it is ‘that the surgeon 
should remember this ligamentous action of muscles in making passive motion— 
for instance, at the wrist after Colles’s fracture. If the fingers be extended, 
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the wrist can be flexed to a right angle. If, however, they be first flexed 
as in “making a fist,” flexion at the wrist is quickly limited to from forty 
to fifty degrees in different persons, and is very painful beyond that point. 
Hence passive motion here should be made with the fingers extended. In the 
leg, when flexing the hip, the knee should be flexed.’ Keen further points 
out that ‘a beautiful illustration of this is seen in the perching of birds, whose 
toes are forced to clasp the perch by just such a passive ligamentous action so 
soon as they stoop. Hence they can go to sleep and. not fall off the perch.’ 

The articulations may be grouped into those of the trunk, those of the upper 
extremity, and those of the lower extremity. 


ARTICULATIONS OF THE TRUNK 


These may be divided into the following groups, viz. : 


I. Of the vertebral column. VI. Of the cartilages of the ribs with 
II. Of the atlas with the axis. the sternum, and with each other. 
III. Of the spine with the cranium. VII. Of the sternum. 
IV. Of the lower jaw. VIII. Of the vertebral column with the 
V. Of the ribs with the vertebra. pelvis. 


IX. Of the pelvis. 


I. ARTICULATIONS OF THE VERTEBRAL COLUMN 


There are two distinct varieties of articulation in the vertebral column : 
1, Those between the bodies of the vertebre, which form a series of amphi- 
arthrodial joints; these are termed the intercentral joints. 2. Those between 
the articular process, which form a series of arthrodial joints, and are termed 
anterneural. 


1. INTERCENTRAL ARTICULATIONS 


The intercentral articulations, or articulations between the bodies of the 
vertebra, belong to the class of amphiarthrodial joints, and the individual 
vertebre enjoy very little movement on each other. When, however, this slight 
degree of movement between the pairs of bones takes place in all the joints of 
the spine, the range of movement is very considerable. The ligaments of this 
articulation are the following : 


Anterior Common Ligament. Posterior Common Ligament. 
Intervertebral Substance. 


The Anterior Common Ligament (figs. 346, 347, 354, 358) is a broad and 
strong band of fibres, which extends along the anterior surface of the bodies of 
the vertebra, from the axis to the sacrum. It is broader below than above, 
thicker in the dorsal than in the cervical or lumbar regions, and somewhat 
thicker opposite the front of the body of each vertebra than opposite the inter- 
vertebral substance. It is attached, above, to the body of the axis, where it is 
continuous with the anterior atlanto-axial ligament, and from this is continued 
upwards as a rounded cord, superficial to the anterior atlanto-axial ligament, to 
the under surface of the basilar process of the occipital bone. Here it is con- 
nected with the tendon of insertion of the Longus colli muscle. It extends down 
as far as the upper bone of the sacrum. It consists of dense longitudinal fibres, 
which are intimately adherent to the intervertebral substance, and the prominent 
margins of the vertebra ; but less closely to the middle parts of the bodies. In the 
latter situation the frbres are exceedingly thick, and serve to fill up the concavities 
on their front surface, and to make the anterior surface of the spine more even. 
This ligament is composed of several layers of fibres, which vary in length, but 
are closely interlaced with each other. The most superficial or longest fibres 
extend between four or five vertebree. A second, subjacent set extend between 
two or three vertebra: ; while a third set, the shortest and deepest, extend from 
one vertebra to the next. At the sides of the bodies the ligament consists of a 
few short fibres, which pass from one vertebra to the next, separated from the 
median portion by large oval apertures, for the passage of vessels. 
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The Posterior Common Ligament (figs. 346, 350) is situated within the spinal 
canal, and extends along the posterior surface of the bodies of the vertebre, from 
the body of the axis, where it is continuous with the occipito-axial ligament, 
to the sacrum. It is broader above than below, and thicker in the dorsal 
than in the cervical or lumbar regions. In the situation of the intervertebral 
substance and contiguous margins of the vertebra, where the ligament is more 
intimately adherent, it is broad, and presents a series of dentations with inter- 
vening concave margins; but it is narrow and thick over the centre of the 
bodies, from which it is separated by the veng basis vertebra. This ligament is 
composed of smooth, shining, longitudinal fibres, denser and more compact than 
those of the anterior ligament, and consists of a superficial layer occupying 
the interval between three or four vertebra, and of a deeper layer which extends 
between one vertebra and the next adjacent to it. It is separated from the dura 
mater of the spinal cord by some loose connective tissue which is very liable to 
serous infiltration. 

The Intervertebral Substance (figs. 346, 355) is a lenticular dise of composite 
structure interposed between the adjacent surfaces of the bodies of the vertebree, 
from the axis to the sacrum, and forming the chief bond of connection between 


Fie. 346.—Vertical section of two vertebre and their ligaments, from the 
lumbar region. 
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bones. The dises vary in shape, size, and thickness, in ditferent parts of 
U aa. In shape they aeons with the surfaces of the bodies se 
which they are placed, except in the cervical region, where they are s i ly 
smaller from side to side than the corresponding bodies. They are ova in 
the cervical and lumbar regions, and circular in the dorsal. Their size 1s ean 
in the lumbar region. In thickness they vary not only in the different rere $ 
the spine, but in different parts of the same disc: they are thicker in oe 
than behind in the cervical and lumbar regions, and thus cagienute to = 
anterior convexity of the column in these regions ; while they are o nee y 
uniform thickness in the dorsal region, the anterior concavity in this region om 
almost entirely owing to the shape of the vertebral bodies. The interverte ra 
discs form about one-fourth of the spinal column, exclusive of the first two 
vertebree ; but this amount is not equally distributed between the ie veneg i 
the dorsal portion of the spine having, in proportion to its length, a much sma 
amount than the cervical and lumbar regions, which necessarily meres ie e 
latter parts greater pliancy and freedom of movement. The intervertebral discs 


are adherent, by their surfaces, to a thin layer of hyaline cartilage — — 
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the upper and under surfaces of the bodies of the vertebree, and in which, in 
early life, the epiphysial plate develops; and by their circumference are closely 
connected in front to the anterior, and behind to the posterior common ligament ; 
while in the dorsal region they are joined laterally, by means of the interarticular 
ligament, to the heads of those ribs which articulate with two vertebra: they 
consequently form part of the articular cavities in which the heads of these 
bones are received. 

Structure of the Intervertebral Substance.—The intervertebral substance is 
composed, at its circumference, of lanine of fibrous tissue and fibro-cartilage, 
forming the annulus fibrosus; and, at its centre, of a soft, pulpy, highly elastic 
substance, of a yellowish colour, which rises up considerably above the surround- 
ing level when the disc is divided horizontally. This pulpy substance (nucleus 
pulposus) is especially well developed in the lumbar region, and is the remains 
of the chorda dorsalis. The lamin are arranged concentrically one within the 
other, the outermost consisting of ordinary fibrous tissue, but the others and 
more numerous consist of white fibro-cartilage. These plates are not quite 
vertical in their direction, those near the circumference being curved outwards 
and closely approximated ; while those nearest the centre curve in the opposite 
direction, and are somewhat more widely separated. The fibres of which each 
plate is composed are directed, for the most part, obliquely from above downwards ; 
the fibres of adjacent plates passing in opposite directions and varying in every 
layer: so that the fibres of one layer are directed across those of another, like 
the limbs of the letter X. This laminar arrangement belongs to about the outer 
half of each dise. The pulpy substance presents no concentric arrangement, 
and consists of a fine fibrous matrix, containing angular cells, united to form a 
reticular structure. 


2. INTERNEURAL ARTICULATIONS 


The interneural articulations, or articulations between the articular processes. 
of the vertebre, belong to the arthrodial variety of movable joints. The processes 
are connected together by capsular ligaments, and the joints are lined by synovial 
membranes; but in addition to these are a number of accessory ligaments, which 
connect together the laminæ, spinous and transverse processes. The ligaments 
of the interneural articulations are as follows : 


Capsular, Supraspinous. 
Ligamenta subflava. Interspinous. 
Intertransverse. 


The Capsular Ligaments (fig. 348) are thin and loose ligamentous sacs, attached 
to the contiguous margins of the articulating processes of each vertebra, through 
the greater part of their circumference, and completed internally by the ligamenta 
subflava. They are longer and looser in the cervical than in the dorsal or lumbar 
regions. The capsular ligaments are lined on their inner surface by synovial 
membrane. 

The Ligamenta Subflava (fig. 346) are interposed between the laminæ of the 
vertebree, from the axis to the first segment of the sacrum. They are most 
distinct when seen from the interior of the spinal canal: when viewed from the 
outer surface they appear short, being overlapped by the lamine. Hach ligament 
consists of two lateral portions, which commence on each side at the root of the 
articular process, and pass backwards to the point where the laminæ converge 
to form the spinous process, where their margins are in contact and to a certain . 
extent united; slight intervals being left for the passage of small vessels. 
These ligaments consist of yellow elastic tissue, the fibres of which, almost 
perpendicular in direction, are attached to the anterior surface of the lamina 
above, some distance from its inferior margin, and to the posterior surface, as 
well as to the upper margin of the lamina below. In the cervical region they 
are thin in texture, but very broad and long; they become thicker in the dorsal 
region; and in the lumbar acquire very considerable thickness. Their highly 
elastic property serves to preserve the upright posture, and to assist the spine 
in resuming it, after it has been flexed. These ligaments do not exist between 
the occiput and atlas, or between the atlas and axis. 

The Supraspinous Ligament (fig. 346) is a strong fibrous cord, which connects 
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together the apices of the spinous processes from the seventh cervical to the 
spinous processes of the sacrum. It is thicker and broader in the lumbar than 
in the dorsal region, and intimately blended, in both situations, with the neigh- 
bouring aponeurosis. The most superficial fibres of this ligament connect three 
or four vertebræ ; those more deeply seated pass between two or three vertebræ ; 
while the deepest connect the contiguous extremities of neighbouring vertebræ. 
It is continued upwards to the external occipital protuberance and occipital 
crest, as the ligamentum nuchæ, which, in the human subject, is thin, and forms 
merely an intermuscular septum. 

The Ligamentum nuchæ is a fibrous membrane, which, in the neck, represents 
the supraspinous ligaments of the lower vertebræ. It extends from the external 
occipital protuberance and crest to the spinous process of the seventh cervical 
vertebra. From its anterior border a fibrous lamina is given off, which is 
attached to the posterior tubercle of the atlas, and the spinous process of each of 
the cervical vertebræ, so as to form a septum between the muscles on each side 
of the neck. In man it is merely the rudiment of an important elastic ligament, 
which, in some of the lower animals, serves to sustain the weight of the head. 

The Interspinous Ligaments (fig. 346), thin and membranous, are interposed 
between the spinous processes. These ligaments extend from the root to the 
summit of each spinous process, connecting together their adjacent margins. 
They meet the ligamenta subflava in front and the supraspinous ligament behind. 
They are narrow and elongated in the dorsal region ; broader, quadrilateral in 
form, and thicker in the lumbar region; and only slightly developed in the neck. 

The Intertransverse Ligaments consist of bundles of fibres, interposed between 
the transverse processes. In the cervical region they consist of a few irregular, 
scattered fibres; in the dorsal, they are rounded cords intimately connected 
with the deep muscles of the back; in the lumbar region they are thin and 
membranous. 

Actions.—The movements permitted in the spinal column are, Flexion, 
Extension, Lateral movement, Circumduction, and Rotation. 

In Flexion, or movement of the spine forwards, the anterior common ligament 
is relaxed, and the intervertebral substances are compressed in front ; while the 
posterior common ligament, the ligamenta subflava, and the inter- and supra- 
spinous ligaments are stretched, as well as the posterior fibres of the intervertebral 
discs. The interspaces between the laminæ are widened, and the inferior articular 
processes of the vertebræ above glide upwards, upon the articular processes of the 
vertebre below. Flexion is the most extensive of all the movements of the spine. 

In Extension, or movement of the spine backwards, an exactly opposite dis- 
position of the parts takes place. This movement is not extensive, being limited 
by the anterior common ligament, and by the approximation of the spinous 
processes. 

Flexion and extension are free in the lower part of the lumbar region between 
the third and fourth and fourth and fifth lumbar vertebre ; above the third they 
are much diminished, and reach their minimum in the middle and upper part of 
the back. They increase again in the neck, the capability of motion backwards 
from the upright position being in this region greater than that of the motion 
forwards, whereas in the lumbar region the reverse is the case. 

In Lateral Movement, the sides of the intervertebral discs are compressed, 
the extent of motion being limited by the resistance offered by the surrounding 
ligaments, and by the approximation of the transverse processes. This movement 
may take place in any part of the spine, but is freest in the neck and loins. _ 

Circumduction is very limited, and is produced merely by a succession of’ the 

receding movements. . 
ú Rotation is produced by the twisting of the intervertebral substances ; this, 
although only slight between any two vertebre, produces a considerable extent of 
movement, when it takes place in the whole length of the spine, the front of the 
upper part of the column being turned to one or the other side. This move- 
ment occurs only to a slight extent in the neck, but is freer in the upper part of 
the dorsal region, and is altogether absent in the lumbar region. 

It is thus seen that the cervical region enjoys the greatest extent of each 
variety of movement, flexion and extension especially being very free. In the 
dorsal region, the three movements of flexion, extension, and circumduction are 
only permitted to a slight extent ; while rotation 1s very free in the ae part 

2 


356 ARTICULATIONS 


and ceases. below. In the lumbar region there is free flexion, extension, and 
lateral movement, but no rotation. 

As Humphry has pointed out, the movements permitted are mainly due 
to the shape and position of the articular processes. In the loins the 
inferior articular processes are turned outwards and embraced by the superior ; 
this renders rotation in this region of the spine impossible, while there is 
nothing to prevent a sliding upwards and downwards of the surfaces on each 
other so as to allow of flexion and extension. In the dorsal region, on the other 
hand, the articulating processes, by their direction and mutual adaptation, espe- 
cially at the upper part of the series, permit of rotation, but prevent extension 
and flexion; while in the cervical region the greater obliquity and lateral slant 
of the articular processes allow not only flexion and extension, but also rotation. 

The principal muscles which produce flexion are the Sterno-mastoid, Rectus 
capitis anticus major, and Longus colli; the Scaleni; the abdominal muscles 
and the Psoas magnus. Extension is produced by the fourth layer of the 
muscles of the back, assisted in the neck by the Splenius, Semispinalis dorsi et 
colli, and the Multifidus spine. Lateral motion is produced by the fourth layer 
of the muscles of the back, by the Splenius and the Scaleni, the muscles of one 
side only acting; and rotation by the action of the following muscles of one side 
only, viz. the Sterno-mastoid, the Rectus capitis anticus major, the Scaleni, the 
Multifidus spine, the Complexus, and the abdominal muscles. 


II. ARTICULATION OF THE ATLAS WITH THE AXIS 


The articulation of the Atlas with the Axis is of a complicated nature, com- 
prising no fewer than four distinct joints. There is a pivot articulation between 
the odontoid process of the axis and the ring formed between the anterior arch 
of the atlas and the transverse ligament (see fig. 349). Here there are two joints : 
one in front between the posterior surface of the anterior arch of the atlas and 
the front of the odontoid process; the other between the anterior surface of 
the transverse ligament and the back of the process. Between the articular 
processes of the two bones there is on either side an arthrodial or gliding 
joint. The ligaments which connect these bones are, the 


Two Capsular. Posterior Atlanto-axial. 
Anterior Atlanto-axial. Transverse. 


The Capsular Ligaments are two thin and loose capsules, connecting the 
lateral masses of the atlas with the superior articular surfaces of the axis, the 
fibres being strengthened at the posterior and inner part of the articulation by a 
distinct ligamentous band, the accessory ligament, which is attached below to the 
body of the axis near the base of the odontoid process. 

The Anterior Atlanto-axial Ligament (fig. 347) is a strong membranous layer, 
fixed, above, to the lower border of the anterior arch of the atlas; below, to 
the front of the body of the axis. It is strengthened in the middle line by a 
rounded cord, which is connected, above, to the tubercle on the anterior arch of 
the atlas, and below to the body of the axis, being a continuation upwards of 
the anterior common ligament of the spine. These ligaments are in relation, in 
front, with the Recti antici majores. j 

The Posterior Atlanto-axial Ligament (fig. 348) is a broad and thin mem- 
branous layer, attached, above, to the lower border of the posterior arch of the 
atlas ; below, to the upper edge of the laminæ of the axis. This ligament 
supplies the place of the ligamenta subflava, and is in relation, behind, with the 
Inferior oblique muscles. 

The Transverse Ligament * (figs. 349, 350) is a thick, strong band, which 
arches across the ring of the atlas, and serves to retain the odontoid process in 
firm connection with its anterior arch. This ligament is flattened from before 
backwards, broader and thicker in the middle than at either extremity, and 


* It has been found necessary to describe the transverse ligament with those of the 
atlas and axis; but the student must remember that it is really a portion of the mechanism 
by which the movements of the head on the spine are regulated; so that the connections 


between the atlas and axis ought always to be studied in associati j 
the latter bones and the skull. á association with those between 
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firmly attached on each side to a small tubercle on the inner surface of the lateral 
mass of the atlas. As it crosses the odontoid process, a small fasciculus (superior 
crus) is prolonged upwards, and another (inferior crus) downwards, from the 
superficial or posterior fibres of the ligament: the former is inserted into the 
basilar process of the occipital bone, in close relation with the occipito-axial 
ligament; the latter descends, to be attached to the posterior surface of the 
body of the axis; hence, the whole ligament has received the name of cruciform. 
The transverse ligament divides the ring of the atlas into two unequal parts: 
of these, the posterior and larger serves for the transmission of the spinal cord 
and its membranes and the spinal accessory nerves; the anterior and smaller 
contains the odontoid process. Since the space between the anterior arch of 
the atlas and the transverse ligament is smaller at the lower part than the 
upper (because the transverse ligament embraces firmly the narrow neck of 
the odontoid process), this process is retained in firm connection with the atlas 
after all the other ligaments have been divided. 


Fig. 347.— Occipito-atlantal and atlanto-axial ligaments. Front view. 
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There are four Synovial Membranes in this articulation: one lining the inner 
surface of each of the capsular ligaments; one between the anterior surface of 
the odontoid process and the anterior arch of the atlas, and one between the 
posterior surface of the odontoid process and the transverse ligament. The 
latter often communicates with those between the condyles of the occipital bone 
and the articular surfaces of the atlas. 

Actions.—This joint allows the rotation of the atlas (and, with it, of the 
cranium) upon the axis, the extent of rotation being limited by the odontoid 
ligaments. 

The principal muscles by which this action is produced are the Sterno- 
mastoid and Complexus of one side, acting with the Rectus capitis anticus 
major, Splenius, Trachelo-mastoid, Rectus capitis posticus major, and Inferior 
oblique of the other side. 


III. ARTICULATIONS OF THE SPINE WITH THE CRANIUM 


The ligaments connecting the spine with the cranium may be divided into 
two sets, those connecting. the occipital bone with the atlas, and those connecting 
the occipital bone with the axis. 
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LIGAMENTS CONNECTING THE ATLAS WITH THE OCCIPITAL BONE 


The articulation between the atlas and the occipital bone is a double 
condyloid joint. Its ligaments are, the 


Two Capsular. Posterior Occipito-atlantal. 
Anterior Occipito-atlantal. Two Lateral Occipito-atlantal. 


The Capsular Ligaments surround the condyles of the occipital bone, and 
connect them with the articular processes of the atlas; they consist of thin and 
loose capsules, which are lined by synovial membrane. 

The Anterior Occipito-atlantal Ligament (fig. 347) is a broad membranous 
layer, composed of densely woven fibres, which passes between the anterior 
margin of the foramen magnum above, and the whole length of the upper border 
of the anterior arch of the atlas below. Laterally, it is continuous with the 
capsular ligaments. In front, it is strengthened in the middle line by a strong, 
narrow, rounded cord, which is attached, above, to the basilar process of the 
occiput, and, below, to the tubercle on the anterior arch of the atlas. This 
i peer is in relation, in front, with the Recti antici minores; behind, with the 
odontoid ligaments. 

The Posterior Occipite-atlantal Ligament (fig. 348) is a very broad but thin 
membranous lamina, intimately blended with the dura mater. It is connected, 
above, to the posterior margin of the foramen magnum; below, to the upper 
border of the posterior arch of the atlas. At each side this ligament is not 
attached to the bone, but presents a rounded inferior border, which forms, with 


Fia. 348.—Occipito-atlantal and atlanto-axial ligaments. Posterior view. 





/S 


SSE SSS 
ASSN SS 

TIY | i Ne Tae, ee 
} ` DAN e ASYN At bY 

| i i AR \ A \ 4 cS 

| ih}! i WS Å : ANA p 

SE cimb -anianaL A E Arch for passage of 
H j | ye Ali Nin} V w ae wa 

| ¢ X 2 4 Ni Fs 
4 4 ri han 





17 vertebral artery 
and first cervical 
NET VE 





the superior intervertebral notch, an opening for the passage of the vertebral 
artery and suboccipital nerve. This free border, which arches over the artery 
and nerve, sometimes becomes ossified. It is in relation, behind, with the 
Recti postici minores and Obliqui superiores ; in front, with the dura mater of 
the spinal canal, to which it is intimately adherent. 

_ The Lateral Ligaments are thickened portions of the capsular ligament, 
reinforced by bundles of fibrous tissue, which are directed obliquely upwards 
and inwards, attached above to the jugular process of the occipital bone ; below, 
to the base of the transverse process of the atlas. 
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_ Synovial Membranes.—There are two synovial membranes in this articula- 
tion: one lining the inner surface of each of the capsular ligaments. These 
occasionally communicate with that between the posterior surface of the 
odontoid process and the transverse ligament. 

Actions.—The movements permitted in this joint are flexion and extension, 
which give rise to the ordinary forward and backward nodding of the head, 
besides slight lateral motion to one or the other side. When either of these 
actions is carried beyond a slight extent, the whole of the cervical portion of 


Fra. 349.—Articulation between odontoid process and atlas. 
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the spine assists in its production. Flexion is mainly produced by the action of 
the Rectus capitis anticus major and minor and the Sterno-mastoid muscles ; 
extension by the Rectus capitis posticus major and minor, the Superior oblique, 
the Complexus, Splenius, and upper fibres of the Trapezius. The Recti 
laterales are concerned in the lateral movement, assisted by the Trapezius, 
Splenius, Complexus, and the Sterno-mastoid of the same side, all acting 
together. According to Cruveilhier, there is a slight motion of rotation in this 
joint. 
LIGAMENTS CONNECTING THE AXIS WITH THE OccIPITAL BONE 
Occipiio-axial. Three Odontoid. 


To expose these ligaments, the spinal canal should be laid open by removing 
the posterior arch of the atlas, the laminas and spinous process of the axis, and 
the portion of the occipital bone behind the foramen magnum, as seen in fig. 350. 

The Occipito-axial Ligament (membrana -tectoria) is situated within the spinal 
canal. It is a broad, strong band which covers the odontoid process and its 
ligaments, and appears to be a prolongation upwards of the posterior common 
ligament of the spinal column. It is attached, below, to the posterior surface of 
the body of the axis, and, becoming expanded as it ascends, is inserted into the 
basilar groove of the occipital bone, in front of the foramen magnum, where it 
blends with the dura mater of the skull. 

Relations.—By ‘its anterior surface with the transverse ligament, by its 
posterior surface with the dura mater. 

The Odontoid or Check Ligaments (alar ligaments) are strong, rounded, 
fibrous cords, which arise one on either side of the upper part of the odontoid 
process, and, passing obliquely upwards and outwards, are inserted into the 
rough depressions on the inner side of the condyles of the occipital bone. In 
the triangular interval left between these ligaments another fibrous cord 
(ligamentum apicis dentis or middle odontoid ligament) may be seen, which 
passes almost perpendicularly from the apex of the odontoid process to the 
anterior margin of the foramen magnum, being intimately blended with the 
deep portion of the anterior occipito-atlantal ligament, and upper fasciculus of 
the transverse ligament of the atlas. It is regarded as a rudimental inter- 
vertebral disc, and in it traces of the notochord may persist. j 

Actions.—The odontoid ligaments serve to limit the extent to which rotation 
of the cranium may be carried; hence they have received the name of check 
ligaments. 
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In addition to these ligaments which connect the atlas and axis to the skull, 
the ligamentum nuche must be regarded as one of the ligaments by which the 
spine is connected with the cranium. It has been described on page 355. 


Fre. 350.—Occipito-axial and atlanto-axial ligaments. Posterior view, obtained 
by removing the arches of the vertebræ and the posterior part of the skull. 








~. 


Uhi P > i, S ` : 
T, Z. ii NN an pa E > R é 
i laf AR S _ The vertical portion 

Mie POA Be 3 “= 


a 





"Ute 
"R of odontoid ligaments 







j Capsular liga- 
Ootko- f ment and syno- 
o. uttantat ( vial membrane 


orf! (79973 7 Nas, 


—_ ie 


ji 


n Atlanto- Capsular ligament 
membrane 


faint at Y by : d synovial 
thy it d axial - a 


Occipito-axial ligament, divided and turned back 


Surgical Anatomy.—The ligaments which unite the component parts of the vertebrae 
together are so strong, and these bones are so interlocked by the arrangement of their 
articulating processes, that dislocation is very uncommon, and, indeed, unless accompanied 
by fracture, rarely occurs, except in the upper part of the neck. Dislocation of the occiput 
from the atlas has only been recorded in one or two cases; but dislocation of the atlas 
from the axis, with rupture of the transverse ligament, is much more common: it is the 
mode in which death is produced in many cases of execution by hanging. In the lower 
part of the neck—that is, below the third cervical vertebra—dislocation unattended by 
fracture occasionally takes place. 


IV. ARTICULATION OF THE LOWER JAW (TEMPORO-MANDIBULAR) 


This is a ginglymo-arthrodial joint’; the parts entering into its formation on 
each side are, above, the anterior part of the glenoid cavity of the temporal bone 
and the eminentia articularis ; and, below, the condyle ‘of the lower jaw. The 
ligaments are the following : 


Capsular. Internal Lateral. 
External Lateral. Interarticular Fibro-cartilage. 
Stylo-mandibular. 


The Capsular Ligament forms a thin and loose, but distinct capsule, attached 
above to the circumference of the glenoid cavity and the articular surface 
immediately in front; below, to the neck of the condyle of the lower jaw. It is 
thinnest on the inner side. : 

The External Lateral Ligament (fig. 351) is an accessory band of the capsular 
ligament, and is not separable from it. It consists of two short, narrow fasciculi, 
one in front of the other, attached, above, to the outer surface of the zygoma and 
to the tubercle on its lower border; below, to the outer surface and posterior 
border of the neck of the lower jaw. It is broader above than below ; its fibres 
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are parallel with one another, and directed obliquely downwards and backwards. 
Externally, it is covered by the parotid gland, and by the integument. 


Fig. 351.—Temporo-mandibular articulation. External view. 
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The Internal Lateral Ligament (spheno-mandibular) (fig. 352) is not a true 
ligament, as it is developed from the fibrous covering of a part of Meckel’s carti- 


lage. 
sphenoid bone, and, becoming 
broader as it descends, is in- 
serted into the lingula of the 
dental foramen. Its outer sur- 
face is in relation, above, with 
the External pterygoid muscle ; 
lower down, it is separated from 
the neck of the condyle by the 
internal maxillary artery; and 
still more inferiorly, the inferior 
dental vessels and nerve and 
a lobule of the parotid gland 
separate it from the ramus of 
the jaw. The inner surface is 
in relation with the Internal 
pterygoid muscle. 

The Interarticular Fibro- 
cartilage (fig. 353) is a thin 
plate of an oval form, placed 
horizontally between the con- 
dyle of the jaw and the glenoid 
cavity. Its upper surface is 
concavo - convex from before 
backwards, and a little convex 
transversely, to accommodate 
itself to the form of the glenoid 


It is a flat thin band which is attached above to the spinous process of the 


Fira. 352.—Temporo-mandibular articulation. 
Internal view. 
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cavity. Its under surface, where it is in contact with the condyle, is concave. 
Its circumference is connected to the capsular ligament; and in front to the 


tendon of the External pterygoid muscle. 


It is thicker at its circumference, 


especially behind, than at its centre. The fibres of which it is composed have a 
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concentric arrangement, more apparent at the circumference than at the centre. 
Its surfaces are smooth. It divides the joint into two cavities, each of which 
is furnished with a synovial membrane. 

The Synovial Membranes, two in number, are placed one above, and the 
other below, the fibro-cartilage. The upper one, the larger and looser of the two, 

is continued from the margin of 
Fig. 353.— Vertical section of temporo- the cartilage covering the glenoid 
mandibular articulation. cavity and eminentia articularis 
on to the upper surface of the 
fibro-cartilage. The lower one 
passes from the under surface of 
the fibro-cartilage to the neck of 
the condyle of the jaw, being pro- 
longed downwards a little farther 
behind than in front. The inter- 
articular cartilage is sometimes 
perforated in its centre, and the 
two synovial sacs then communi- 
cate with each other. 

The Stylo-mandibular Liga- 
ment is a specialised band of the 
cervical fascia, which extends from 
near the apex of the styloid process of the temporal bone to the angle and 
posterior border of the ramus of the lower jaw, between the Masseter and 
Internal pterygoid muscles. This ligament separates the parotid from the sub- 
maxillary gland, and has attached to its inner side part of the fibres of origin 
of the Stylo-glossus muscle. Although usually classed among the ligaments of 
the jaw, it can only be considered as an accessory to the articulation. 

The nerves of this joint are derived from the auriculo-temporal and masgseteric 
branches of the inferior maxillary. The arteries are derived from the temporal 
branch of the external carotid. 

Actions.—The movements permitted in this articulation are very extensive. 
Thus, the jaw may be depressed or elevated, or it may be carried forwards or 
backwards. It must be borne in mind that there are two distinct joints in 
this articulation—that is to say, one between the condyle of the jaw and the 
interarticular fibro-cartilage, and another between the fibro-cartilage and the 
glenoid fossa; when the jaw is depressed, as in opening the mouth, the move- 
ments which take place in these two joints are not the same. In the lower 
compartment, that between the condyle and the fibro-cartilage, the movement 
is of a ginglymoid or hinge-like character, the condyle rotating on a transverse 
axis on the fibro-cartilage; while in the upper compartment the movement 
is of a gliding character, the fibro-cartilage, together with the condyle, gliding 
forwards on to the eminentia articularis. These two movements take place 
simultaneously, the condyle and fibro-cartilage move forwards on the eminence, 
and at the same time the condyle revolves on the fibro-cartilage. In the 
opposite movement of shutting the mouth the reverse action takes place ; the 
fibro-cartilage glides back, carrying the condyle with it, and this at the same 
time revolves back to its former position. When the jaw is carried horizontally 
forwards, as in protruding the lower incisors in front of the upper, the move- 
ment takes place principally in the upper compartment of the joint, the fibro- 
cartilage, carrying with it-the condyle, gliding forwards on the glenoid fossa. 
This is because the movement is mainly effected by the External pterygoid 
muscles, which are inserted into the condyles and interarticular fibro-carti ages. 
The grinding or chewing movement is produced by the alternate movement of 
one condyle, with its fibro-cartilage, forwards and backwards, while the other 
condyle moves simultaneously in the opposite direction ; at the same time the 
condyle undergoes a vertical rotation on its own axis on the fibro-cartilage in 
the lower compartment. One condyle advances and rotates, the other condyle 
recedes and rotates, in alternate succession. 

The lower jaw is depressed by its own weight, assisted by the Platysma, the 
Digastric, the Mylo-hyoid, and the Genio-hyoid. It is elevated by the anterior 
part of the Temporal, Masseter, and Internal pterygoid. It is drawn forwards 
by the simultaneous action of the External pterygoid, and the superficial fibres 
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of the Masseter ; and itis drawn backwards by the deep fibres of the Masseter 
and the posterior fibres of the Temporal muscle. The grinding movernent is 
caused by the alternate action of the two External pterygoids. 


Surface Form.—The temporo-mandibular articulation is quite superficial, situated 
below the base of the zygoma, in front of the tragus and external auditory meatus, and 
behind the posterior border of the upper part of the Masseter muscle. Its exact position 
can be at once ascertained by feeling for the condyle of the jaw, the working of which can 
be distinctly felt in the movements of the lower jaw in opening and shutting the mouth. 
When the mouth is opened wide, the condyle advances out of the glenoid fossa on to the 
eminentia articularis, and a depression is felt in the situation of the joint. 

Surgical Anatomy.—The lower jaw is dislocated only in one direction—viz. forwards. 
The accident is caused by violence or muscular action. When the mouth is open, the 
condyle is situated on the eminentia articularis, and any sudden violence, or even a sudden 
muscular spasm, as during a convulsive yawn, may displace the condyle forwards into the 
zygomatic fossa. The displacement may be unilateral or bilateral, according as one or 
both of the condyles are displaced. The latter of the two is the more common. 

Sir Astley Cooper described a condition which he termed ‘subluxation.’ It occurs 
principally in delicate women, and is believed by some to be due to relaxation of the liga- 
ments, permitting too free movement of the bone, and possibly some displacement of the 
fibro-cartilage. Others have believed that it is due to gouty or rheumatic changes in the 
joint. 

In close relation to the condyle of the jaw is the external auditory meatus and the 
tympanum ; any force, therefore, applied to the bone is liable to be attended with damage 
to these parts, or inflammation in the joint may extend to the ear, or on the other hand 
inflammation of the middle ear may involve the articulation and cause its destruction, 
thus leading to ankylosis of the joint. In children, arthritis of this joint may follow the 
exanthemata, and in adults occurs as the result of some constitutional conditions, as rheu- 
matism or gout. The temporo-mandibular joint is also occasionally the seat of osteo- 
arthritis, leading to great suffering during efforts of mastication. A peculiar affection 
sometimes attacks the neck and condyle of the lower jaw, consisting in hypertrophy and 
elongation of these parts and consequent protrusion of the chin to the opposite side. 


V. ARTICULATIONS OF THE RIBS WITH THE VERTEBRE 


The articulations of the ribs with the vertebral column may be divided into 
two sets: 1. Those which connect the heads of the ribs with the bodies of the 
vertebræ (costo-central). 2. Those which connect the necks and tubercles of 
the ribs with the transverse processes (costo-transverse). 


1. CosTo-CENTRAL ARTICULATION (fig. 354) 


These constitute a series of gliding joints, in which there is a certain 
hinge-like action, and hence may be characterised as ginglymo-arthrodial joints. 
They are formed by the articulation of the heads of the ribs with the cavities 
on the contiguous margins of the bodies of the dorsal vertebræ and the inter- 
vertebral substance between them, except in the case of the first, tenth, eleventh, 
and twelfth ribs, where the cavity is formed by a single vertebra. The bones 
are connected by the following ligaments: 


Capsular. Anterior Costo-vertebral or Stellate. 
Interarticular. 


The Capsular Ligament surrounds and encloses the joint, being composed 
of short, strong fibres, which pass between the head of the rib and the circum- 
ference of the articular cavity formed by the intervertebral disc and the adjacent 
vertebre. It is most distinct at the upper and lower parts of the articulation ; 
and at its upper part some of its fibres pass through the intervertebral foramen 
to the back of the intervertebral disc, and, behind, it is continuous with the 
middle costo-transverse ligament. 

The Anterior Costo-vertebral or Stellate Ligament is a specialised part of 
the capsule, and connects the anterior part of the head of each rib with the 
sides of the bodies of two vertebree, and the intervertebral disc between them. 
It consists of three flat bundles of ligamentous fibres, which are attached to 
the anterior part of the head of the rib, just beyond the articular surface. 
The superior bundle passes upwards to be connected with the body of the 
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vertebra above; the inferior one descends to the body of the vertebra below ; 
and the middle one, the smallest and least distinct, passes horizontally inwards, 
to be attached to the intervertebral substance. 

Relations —In front, with the thoracic ganglia of the sympathetic, the 
pleura, and, on the right side, with the vena azygos major; behind, with the 
interarticular ligament and synovial membranes. 

In the first rib, which articulates with a single vertebra, this ligament does 
not present a distinct division into three fasciculi ; its fibres, however, radiate, 
and are attached to the body of the last cervical vertebra, as well as to the body of 
the vertebra with which the rib articulates. In the tenth, eleventh, and twelfth 
ribs, which also articulate with a single vertebra, the division does not exist ; 
but the fibres of the ligament in each case radiate and are connected with the 
vertebra above, as well as that with which the rib articulates. 


Fic. 354.—Costo-vertebral and costo-transverse articulations. 
Anterior view. 
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The Interarticular Ligament is situated in the interior of the joint. It con- 
sists of a short band of fibres, flattened from above downwards, attached by one 
extremity to the sharp crest which separates the two articular facets on the head 
of the rib, and by the other to the intervertebral disc. It divides the joint into 
two cavities, which have no communication with each other. In the first, tenth, 
eleventh, and twelfth ribs, the interarticular ligament does not exist; consequently, 
there is but one cavity. This ligament is the analogue of the ligamentum con- 
jugale of some mammals, which unites the heads of opposite ribs across the back 
of the intervertebral disc. 

The Synovial Membranes.—There are two synovial membranes in each of 
the articulations in which there is an interarticular ligament, one above and one 
below this structure : one only in those joints where there is a single cavity. 


2. COSTO-TRANSVERSE ARTICULATION (fig. 355) 


The articular portion of the tubercle of the rib and adjacent transverse process 
form an arthrodial joint. 

In the eleventh and twelfth ribs this articulation is wanting. 

The ligaments connecting these parts are, the 


Capsular. Middle Costo-transverse (Interosseous). 
Anterior Costo-transverse. Posterior Costo-transverse. 
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The Capsular Ligament is a thin, membranous sac attached to the circum- 
ference of the articular surfaces, and enclosing a small synovial membrane. 

In the eleventh and twelfth ribs this igament is absent. 

The Anterior or Superior Costo-transverse Ligament consists of two sets of 
fibres: one (anterior) is attached below to the sharp crest on the upper border 
of the neck of each rib, and passes obliquely upwards and outwards, to the lower 
border of the transverse process immediately above; the other (posterior) is 
attached below to the neck of the rib, and passes upwards and inwards to the base 
of the transverse process and outer border of the lower articular process of the 
vertebra above. ‘This ligament is in relation, in front, with the intercostal vessels 
and nerves ; behind, with the Longissimus dorsi. Its internal border is thickened 
and free, and bounds an aperture which transmits the posterior branches of the 
intercostal vessels and nerves. Its external border is continuous with a thin 
aponeurosis, which covers the External intercostal muscle. 

The first rib has no anterior costo transverse ligament. 

The Middle Costo-transverse or Interosseous Ligament consists of short but 
strong fibres, which pass between the rough surface on the posterior part of the 
neck of each rib and the anterior surface of the adjacent transverse process. In 


Fig. 355.—Costo-transverse articulation. Seen from above. 
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order fully to expose this ligament a horizontal section should be made across the 
transverse process and corresponding part of the rib; or the rib may be forcibly 
separated from the transverse process, and the fibres of the ligament put on the 
stretch. 

In the eleventh and twelfth ribs this ligament is quite rudimentary or wanting. 

The Posterior Costo-transverse Ligament is a short but thick and strong 
fasciculus, which passes obliquely from the summit of the transverse process to 
the rough non-articular portion of the tubercle of the rib. This ligament is shorter 
and more oblique in the upper than in the lower ribs. Those corresponding to 
the superior ribs ascend, while those of the inferior ribs descend slightly. 

In the eleventh and twelfth ribs this ligament is wanting. 

Actions.—The heads of the ribs are so closely connected to the bodies of the 
vertebre by the stellate and interarticular ligaments, and the necks and tubercles 
of the ribs to the transverse processes, that only a slight gliding movement of 
the articular surfaces on each other can take place in these articulations. The 
result of this gliding movement with respect to the six upper ribs, consists in 
an elevation of the front and middle portion of the rib, the hinder part being 
prevented from performing any upward movement by its close connection with the 
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spine. In this gliding movement the rib rotates on an axis corresponding with a 
line drawn through the two articulations, Costo-central and Costo-transverse, which 
the rib forms with thespine. With respect to the seventh, eighth, ninth, and tenth 
ribs, each one, besides rotating in a similar manner to the upper six, also rotates on 
an axis corresponding with a line drawn from the head of the rib to the sternum. 
By the first movement—that of rotation of the rib on an axis corresponding 
with a line drawn through the two articulations which this bone forms with the 
spine—an elevation of the anterior part of the rib takes place, aud a consequent 
enlargement of the antero-posterior diameter of the chest. None of the ribs lie 

in the horizontal plane: they 


Fic. 356.—Diagrams showing the axis of rotationof 2@fe all directed more or less 


the ribs in the movements of-respiration. The obliquely, so that their ante- 
one axis of rotation corresponds witha line drawn rior extremities lie on a lower 
through the two articulations which the rib forms level than their posterior, and 
with the spine (a, b), and the other with a line this obliquity increases from 
-drawn from the head of the rib to the sternum the first to the seventh, and 
(A,B). (From Kirke’s ‘ Handbook of Physiology.’) 


then again decreases. If any 
one rib is examined—say, that 
in which there is the greatest 
obliquity—it is obvious that as 
its sternal extremity is carried 
upwards, it must also be 
thrown forwards; so that the 
rib may be regarded as a 
radius, moving on the verte- 
bral joint as a centre, and 
causing the sternal attachment 
to describe an arc of a circle 
in the vertical plane of the 
body. Since all the ribs are 
oblique and connected in front 
to the sternum by the elastic 
costal cartilages, they must 
have a tendency to thrust the 
sternum forwards, and so in- 
crease the antero-posterior 
diameter of the chest. By 
the second movement—that of 
the rotation of the rib on an 
axis corresponding with a line 
drawn from the head of the rib 
to the sternum—an elevation 
of the middle portion of the rib 
takes place, and consequently 
an increase in the transverse 
diameter of the chest. For 
the ribs not only slant down- 
wards and forwards from their 
vertebral attachment, but they 
are also oblique in relation to 
their transverse plane—that is 
to say, their middle is on a 
lower level than either their vertebral or sternal extremities. It results from this 
that when the ribs are raised, the centre portion is thrust outwards, somewhat 
after the fashion in which the handle of a bucket is thrust away from the side 
when raised to a horizontal position, and the lateral diameter of the chest is 
increased (see fig. 356). The mobility of the different ribs varies very much. The 
first rib is more fixed than the others, on account of the weight of the upper 
extremity and the strain of the ribs beneath; but on the freshly dissected 
thorax it moves as freely as the rest. From the same causes the movement 
of the second rib is also not very extensive. In the other ribs, this mobility 
increases successively down to the last two, which are very movable. The ribs 
are generally more movable in the female than in the male. 
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VI. ARTICULATION OF THE CARTILAGES OF THE RIBS WITH THE 
STERNUM (CHONDRO-STERNAL) (fig. 357) 


The articulations of the cartilages of the true ribs with the sternum are 
arthrodial joints, with the exception of the first, in which the cartilage is almost 
always directly united with the sternum, and which must, therefore, be regarded 
as a synarthrodial articulation. The ligaments connecting them are— 


Capsular. Interarticular Chondro-sternal. 
Anterior Chendro-sternal. Anterior Chondro-xiphoid. 
Posterior Chondro-sternal. Posterior Chondro-xiphoid. 


The Capsular Ligaments surround the joints formed between the cartilages 
of the true ribs and the sternum. They are very thin, intimately blended with 
the anterior and posterior ligaments, and strengthened at the upper and lower 
parts of the articulations by a few fibres, which pass from the cartilage to the 
side of the sternum. These ligaments protect the synovial membranes. 

The Anterior Chondro-sternal Ligament is an accessory part of the capsular 
ligament, and consists of a broad and thin membranous band that radiates from 
the front of the inner extremity of the cartilages of the true ribs to the anterior 
surface of the sternum. It is composed of fasciculi which pass in different 
directions. The superior fasciculi ascend obliquely, the inferior pass obliquely 
downwards, and the middle fasciculi horizontally. The superficial fibres of this 
ligament are the longest ; they intermingle with the fibres of the ligaments above 
and below them, with those of the opposite side, and with the tendinous fibres of 
origin of the Pectoralis major, forming a thick fibrous membrane, which covers 
the surface of the sternum. This is more distinct at the lower than at the upper 

art. 
The Posterior Chondro-sternal Ligament is also a part of the capsular 
ligament, but is less thick and distinct than the anterior ; it is composed of fibres 
which radiate from the posierior surface of the sternal end of the cartilages of 
the true ribs to the posterior surface of the sternum, becoming blended with the 
periosteum. 

The Interarticular Chondro-sternal Ligaments.—These are only found con- 
stantly between the second costal cartilages and the sternum. The cartilage of 
the second rib is connected with the sternum by means of an interarticular 
ligament, attached by one extremity to the cartilage of the second rib, and by 
the other extremity to the cartilage which unites the first and second pieces of 
the sternum. This articulation is provided with two synovial membranes. 
Occasionally the cartilage of the third rib is connected with the sternum by 
means of an interarticular ligament which is attached by one extremity to the 
cartilage of the third rib, and by the other extremity to the point of junction of 
the second and third pieces of the sternum. Still more rarely a similar con- 
dition is found in the other four joints of the series. In the lower two the 
ligament sometimes completely obliterates the cavity, so as to convert it into a 
synarthrosis. l ! 

The Anterior Chondro-xiphoid.—This is a band of ligamentous fibres, which 
connects the anterior surface of the seventh costal cartilage, and occasionally also 
that of the sixth, to the anterior surface of the ensiform appendix. It varies in 
Jength and breadth in different subjects. 

The Posterior Chondro-xiphoid is a similar band of fibres on the internal or 
posterior surface, though less thick and distinct. 

Synovial Membranes.—There is no synovial membrane between the first 
costal cartilage and the sternum, as this cartilage is directly continuous with the 
sternum. There are two synovial membranes in the articulation of the second 
costal cartilages to the sternum. There is generally one synovial membrane in 
each of the joints between the third, fourth, fifth, sixth, and seventh costal 
cartilages to the sternum ; but it is sometimes absent in the sixth and seventh 
chondro-sternal joints. If an interarticular ligament exists in any of these joints, 
there are two synovial cavities. After middle life the articular surfaces lose their 
polish, become roughened, and the synovial membranes appear. to be wanting. 
In old age, the articulations do not exist, the cartilages of most of the ribs. 
becoming continuous with the sternum. 
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Actions,—The movements which are permitted in the chondro-sternal articula- 
tions are limited to elevation and depression, and these only to a slight extent. 


ARTICULATIONS OF THE CARTILAGES OF THE RIBS WITH EACH OTHER 
(INTERCHONDRAL) (fig. 357) 


The contiguous borders of the sixth, seventh, and eighth, and sometimes the 
ninth and tenth, costal cartilages articulate with each other by small, smooth, 


Fie. 357.—Chondro-sternal, chondro-xiphoid, and interchondral articulations. 
Anterior view. 
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oblong-shaped facets. Each articulation is enclosed in a thin capsular ligament 
lined by synovial membrane, and strengthened externally and internally by 
ligamentous fibres (interchondral ligaments) which pass from one cartilage to 
the other. Sometimes the fifth costal cartilage, more rarely that of the ninth, 
articulates, by its lower border, with the adjoining cartilage by a small oval 
facet; more frequently they are connected together by a few ligamentous fibres. 
Occasionally, the articular surfaces above mentioned are wanting. 
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ARTICULATIONS OF THE RIBS WITH THEIR CARTILAGES (COSTO-CHONDRAL) 
(fig. 357) 


The outer extremity of each costal cartilage is received into a depression in 
the sternal end of the rib, and the two are held together by the periosteum. 


VII. ARTICULATIONS OF THE STERNUM 


The first piece of the sternum is united to the second either by an amphi- 
arthrodial joint—a single piece of true fibro-cartilage uniting the segments—or 
by a diarthrodial joint, in which each bone is clothed with a distinct lamina 
of cartilage, adherent on one side, free on the other. In the latter case, the 
cartilage covering the gladiolus is continued without interruption on to the 
cartilages of the second ribs. Rivington has found the diarthrodial form of 
joint in about one-third of the specimens examined by him, Maisonneuve more 
frequently. It appears to be rare in childhood, and is formed, in Rivington’s 
opinion, from the amphiarthrodial form, by absorption. The diarthrodial joint 
seems to have no tendency to ossify at any age, while the amphiarthrodial is 
more liable to do so, and has been found ossified as early as thirty-four years 
of age. The two segments are further connected by an 


Anterior Intersternal Ligament. 
Posterior Intersternal Ligament. 


The Anterior Intersternal Ligament consists of a layer of fibres, having a 
longitudinal direction ; it blends with the fibres of the anterior chondro-sternal 
ligaments on both sides, and with the tendinous fibres of origin of the Pectoralis 
major. This ligament is rough, irregular, and much thicker below than above. 

The Posterior Intersternal Ligament is disposed in a somewhat similar 
manner on the posterior surface of the articulation. 


VIIL ARTICULATION OF THE VERTEBRAL COLUMN WITH THE PELVIS 


The ligaments connecting the last lumbar vertebra with the sacrum are similar 
to those which connect the movable segments of the spine with each other—viz. « 
1. The continuation downwards of the anterior and posterior common ligaments. 
2. The intervertebral substance connecting the flattened oval surfaces of the 
two bones and forming an amphiarthrodial joint. 3. Ligamenta subflava, con- 
necting the arch of the last lumbar vertebra with the posterior border of the 
sacral.canal. 4. Capsular ligaments connecting the articulating processes and 
forming a double arthrodia. 5. Inter- and supra-spinous ligaments. 

Two additional ligaments connect the pelvis with the spine; these are the 
lumbo-sacral and ilio-lumbar. 

The Lumbo-sacral Ligament (fig. 358) is a short, thick, triangular fasciculus, 
which is connected above to the lower and front part of the transverse process 
of the last lumbar vertebra, passes obliquely outwards, and is attached below to 
the lateral surface of the base of the sacrum, becoming blended with the anterior 
sacro-iliac ligament. The ligament is in relation, in front, with the Psoas muscle. 

The Ilio-lumbar Ligament (fig. 358), the thickened lower edge of the anterior 
lamella of the lumbar fascia, passes horizontally outwards from the apex of the 
transverse process of the last-lumbar vertebra to the crest of the ilium imme- 
diately in front of the sacro-iliac articulation. It is of a triangular form, thick 
and narrow internally, broad and thinner externally. It is in relation, in front, 
with the Psoas muscle ; behind, with the muscles occupying the vertebral groove ; 
above, with the Quadratus lumborum. 


IX. ARTICULATIONS OF THE PELVIS 


The ligaments connecting the bones of the pelvis with each other may be 
divided into four groups: 1. Those connecting the sacrum and ilium. 2. Those 
passing between the sacrum and ischium. 3. Those connecting the sacrum and 
coccyx. 4. Those between the two pubic bones. a 
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Fre. 358.—Articulations of pelvis and hip 


Anterior view. 
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1. ARTICULATION OF THE SACRUM AND ILIUM (BACRO-ILIAO JOINT) 


The sacro-iliac articulation is an amphiarthrodial joint, formed between 
the lateral surfaces of the sacrum and the ilium. The articular, ear-shaped 
surface of each bone is covered with a thin plate of cartilage, thicker on the 
sacrum than on the ilium. These are in close contact with each other, and to a 
certain extent united together by irregular patches of softer fibro-cartilage, and 
at their upper and posterior part by fine fibres of interosseous fibrous tissue. 
In a considerable part of their extent, especially in advanced life, they are not 
connected together, but are separated by a space containing a synovial-like fluid, 
and hence the joint presents the characters of a diarthrosis. 

The‘ ligaments connecting these surfaces are the anterior and posterior sacro- 
iliac. 

The Anterior Sacro-iliac Ligament (fig. 358) consists of numerous thin bands, 
which connect the anterior surfaces of the sacrum and ilium. 

The Posterior Sacro-iliac (fig. 359) is a strong interosseous ligament, situated 
in a deep depression between the sacrum and ilium behind, and forming the 


Fic. 360.—Side view of pelvis, showing the great and lesser sacro-sciatic ligaments. 
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chief bond of connection between those bones. It consists of numerous strong 
fasciculi, which pass between the bones in various directions. Three of these 
are of large size; the two superior, nearly horizontal in direction, arise from the 
first and second transverse tubercles on the posterior surface of the sacrum, and 
are inserted into the rough, uneven surface at the posterior part of the inner 
surface of the ilium. The third fasciculus, oblique in direction, is attached by 
one extremity to the third transverse tubercle on the posterior surface of the 
sacrum, and by the other to the posterior superior spine of the ilium; it is 
sometimes called the obligue sacro-iliac ligament. 


_ The position of the sacro-iliac joint is indicated by the posterior superior spine of the 
ilium. This process is immediately behind the centre of the articulation. 


2. LIGAMENTS PASSING BETWEEN THE SACRUM AND IscuHium (fig. 360) 


The Great Sacro-sciatic (Posterior). 
The Lesser Sacro-sciatic (Anterior). 


The Great or Posterior Sacro-sciatic Ligament is situated at the lower and 
back part of the pelvis. It is flat, and triangular in form; narrower in the 
BB2 
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middle than at the extremities ; attached by its broad base to the posterior inferior 
spine of the ilium, to the fourth and fifth transverse tubercles of the sacrum, and 
to the lower part of the lateral margin of that bone and the coccyx. Passing 
obliquely downwards, outwards, and forwards, it becomes narrow and thick, 
but at its insertion into the inner margin of the tuberosity of the ischium, it 
increases in breadth, and is prolonged forwards along the inner margin of the 
ramus, forming what is known as the falciform ligament, the free concave edge 
of which gives attachment to the obturator fascia. One of its surfaces is turned 
towards the perineum, the other towards the Obturator internus muscle. The 
lower border of the ligament is directly continuous with the tendon of origin 
of the long head of the Biceps muscle, and by many is believed to be the 
proximal end of this muscle, cut off by the projection of the tuberosity of the 
ischium. 

The posterior surface of this ligament gives origin, by its whole extent, to 
fibres of the Gluteus maximus. Its anterior surface is united to the lesser sacro- 
sciatic ligament. Its external border forms, above, the posterior boundary of the 
great sacro-sciatic foramen, and, below, the posterior boundary of the lesser sacro- 
sciatic foramen. Its lower border forms part of the boundary of the perineum. 
It is pierced by the coccygeal branch of the sciatic artery and coccygeal nerve. 

The Lesser or Anterior Sacro-sciatic Ligament, much shorter and smaller 
than the preceding, is thin, triangular in form, attached by its apex to the spine 
of the ischium, and internally, by its broad base, to the lateral margin of the 
sacrum and coccyx, anterior to the attachment of the great sacro-sciatic ligament 
with which its fibres are intermingled. 

It is in relation, anteriorly, with the Coccygeus muscle, to which it is 
closely connected ; posteriorly, it is covered by the great sacro-sciatic ligament, 
and crossed by the internal pudic vessels and nerve. Its supertor border forms 
the lower boundary of the great sacro-sciatic foramen ; its inferior border, part of 
the lesser sacro-sciatic foramen. 

These two ligaments convert the sacro-sciatic notches into foramina. The 
superior or great sacro-sciatic foramen is bounded, in front and above, by the 
posterior border of the os innominatum; behind, by the great sacro-sciatic 
ligament ; and below, by the lesser sacro-sciatic ligament. It is partially filled 
‘up, in the recent state, by the Pyriformis muscle which passes through it. 
Above this muscle, the gluteal vessels and superior gluteal nerve emerge from 
the pelvis ; and below it, the sciatic vessels and nerves, the internal pudic vessels 
and nerve, the inferior gluteal nerve, and the nerves to the obturator internus and 
quadratus femoris also make their exit from the pelvis. The inferior or lesser 
gacro-sciatic foramen is bounded, in front, by the tuber ischii; above, by the 
spine and lesser sacro-sciatic ligament; behind, by the greater sacro-sciatic 
ligament. It transmits the tendon of the Obturator internus muscle, its nerve, 
and the internal pudic vessels and nerve. 


3. ARTICULATION OF THE Sacrum AND Coccyx 


This articulation is an amphiarthrodial joint, formed between the oval surface 
at the apex of the sacrum, and the base of the coccyx. It is analogous to the 
joints between the bodies of the vertebra, and is connected by similar ligaments. 
They are the 

Anterior Sacro-coccygeal. Lateral Sacro-coccygeal. 
Posterior Sacro-coccygeal. Interposed Fibro-cartilage. 
Interarticulay. 


The Anterior Sacro-coccygeal Ligament consists of a few irregular fibres, 
which descend from the anterior surface of the sacrum to the front of the coccyx, 
becoming blended with the periosteum. 

The Posterior Sacro-coccygeal Ligament is a flat band, of a pearly tint, which 
arises from the margin of the lower orifice of the sacral canal, and descends to be 
inserted into the posterior surface of the coccyx. This ligament completes the 
lower and back part of the sacral canal. Its superficial fibres are much longer 
than the more deeply seated. This ligament is in relation, behind, with the 
Gluteus maximus. 

The Lateral Sacro-coceygeal Ligaments connect the transverse processes of 
the coccyx to the lower lateral angles of the sacrum. 
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A Fibro-cartilage is interposed between the contiguous surfaces of the sacrum 
and coccyx; it differs from that interposed between the bodies of the vertebra 
in being thinner, and its central part firmer in texture. It is somewhat thicker 
in front and behind than at the sides. Occasionally, a synovial membrane is 
found when the coccyx is freely movable, which is more especially the case 
during pregnancy. 

The Interarticular Ligaments are thin bands of ligamentous tissue, which 
unite the cornua of the two bones. 

The different segments of the coccyx are connected together by an extension 
downwards of the anterior and posterior sacro-coccygeal ligaments, a thin annular 
disc of fibro-cartilage being interposed between each segment. In the adult 
male, all the pieces become ossified ; but in the female, this does not commonly 
occur until a later period of life. The separate segments of the coceyx are first 
united, and at a more advanced age the joint between the sacrum and coccyx is 
obliterated. 

Actions.— The movements which take place between the sacrum and coccyx, 
and between the different pieces of the latter bone, are forwards and backwards; 
they are very limited. Their extent increases during pregnancy. 


4. ARTICULATION OF THE Ossa Pusis (SympHysis Pusis) 


The articulation between the pubic bones is.an amphiarthrodial joint, formed 
by the junction of the two oval articular surfaces of the ossa pubis. The liga- 
ments of this articulation are, the 


Anterior Pubic. Superior Pubic. 
Posterior Pubic. Subpubic. 
Interpubic Disc. 


The Anterior Pubic Ligament (fig. 358) consists of several superimposed 
layers, which pass across the front of the articulation. The superficial fibres 
pass obliquely from one bone to the 


other, decussating and forming an Fia. 361.—Vertical section of the symphysis 






interlacement with the fibres of the pubis. Made near its posterior surface. 
aponeurosis of the External oblique 

and the tendon of the Rectus muscles. Hyaline cartilage covering bone 

The deep fibres pass transversely Lacing Bs osetestia oe 

across the symphysis, and are blended and back part 

with the fibro-cartilage. aN 


The Posterior Pubic Ligament 
consists of a few thin, scattered 
fibres, which unite the two pubic 
bones posteriorly. 

The Superior Pubic Ligament is a 
band of fibres, which connects together 
the two pubic bones superiorly. 

The Subpubic Ligament is a thick, 
triangular arch of ligamentous fibres, 
connecting together the two pubic 
bones below, and forming the upper 
boundary of the pubie arch. Above, 
it is blended with the interarticular 
fibro-cartilage ; laterally, it is united with the descending rami of the ossa pubis ; 
below, it is free, and is separated from the triangular ligament of the perineum 
by the opening through which the dorsal vein of the penis passes into the pelvis. 
Its fibres are closely connected, and have an arched direction. 

The Interpubic Dise connects the pubie bonesin front, Each of the two bony 
surfaces is covered bya thin layer of hyaline cartilage, which is firmly connected 
to the bone by a series of nipple-like processes which accurately fit within cor- 
responding depressions on the osseous surfaces. These opposed cartilaginous 
surfaces are connected together by an intermediate lamina of fibro-cartilage 
which varies in thickness in different subjects. It often contains a cavity in its 
centre, probably formed by the softening and absorption of the fibro-cartilage, 
since it rarely appears before the tenth year of life, and is not lined by synovial 
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membrane. It is larger in the female than in the male, but it is very doubtful 
whether it enlarges, as was formerly supposed, during pregnancy. It is most 
frequently limited to the upper and back part of the joint; but it occasionally 
reaches to the front, and may extend the entire length of the cartilage. This 
cavity may be easily demonstrated by making a transverse vertical section of the 
symphysis pubis near its posterior surface (fig. 361). 

The Obturator Membrane is more properly regarded as analogous to the 
myscular fascise, with which it will be described. 


ARTICULATIONS OF THE UPPER EXTREMITY 


The articulations of the Upper Extremity may be arranged as follows : 


I. Sterno-clavicular. VI. Radio-ulnar. 

II. Acromio-clavicular. VII. Wrist. 
III. Scapular ligaments. VIII. Carpal. 
IV. Shoulder. IX. Carpo-metacarpal. 

V. Elbow. X. Metacarpo-phalangeal. 


XI. Phalangeal. 


I. STERNO-CLAVICULAR ARTICULATION (fig. 362). 


The Sterno-clavicular is regarded by most anatomists as an arthrodial joint ; 
but Cruveilhier considers it to be an articulation by reciprocal reception. Probably 
the former opinion is the correct one; the varied movements, which the joint 
enjoys, being due to the interposition of an interarticular fibro-cartilage between 


Fic. 362.—Sterno-clavicular articulation. Anterior view. 
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the joint surfaces. The parts entering into its formation are the sternal end of 
the clavicle, the upper and lateral part of the first piece of the sternum, and the 
cartilage of the first rib. The articular surface of the clavicle is much larger 
than that of the sternum, and is invested with a layer of cartilage,* which is con- 
siderably thicker than that on the latter bone. The ligaments of this joint are, the 





Capsular. Interclavicular. 
Anterior Sterno-clavicular. Costo-clavicular (rhomboid). 
Posterior Sterno-clavicular. Interarticular fibro-cartilage. 


The Capsular Ligament completely surrounds the articulation, consisting of 
fibres of varying degrees of thickness and strength. Those in front and behind 
are of considerable thickness, and form the anterior and posterior sterno-clavicular 
ligaments ; but those above and below, especially in the latter situation, are thin 


and scanty, and partake more of the character of connective tissue than true 
fibrous tissue. 


* According to Bruch, the sternal end of the clavicle is covered by a tissue, which is 
rather fibrous than cartilaginous in structure. 
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The Anterior Sterno-clavicular Ligament is a part of the capsular ligament. 
It is a broad band of fibres, which covers the anterior surface of the articulation, 
being attached, ahove, to the upper and front part of the inner extremity of the 
clavicle ; and, passing obliquely downwards and inwards, is attached, below, to 
the front of the upper part of the first piece of the sternum. This ligament is 
covered by the sternal portion of the Sterno-cleido-mastoid and the integument ; 
behind, it is in relation with the interarticular fibro-cartilage and the two 
synovial membranes. 

The Posterior Sterno-clavicular Ligament, also a part of the capsular liga- 
ment, is a similar band of fibres, which covers the posterior surface of the 
articulation, being attached, above, to the upper and back part of the inner 
extremity of the clavicle; and, passing obliquely downwards and inwards, is 
attached, below, to the back of the upper part of the first piece of the sternum. 
It is in relation, in front, with the interarticular fibro-cartilage and synovial 
membranes ; behind, with the Sterno-hyoid and Sterno-thyroid muscles. 

The Interclavicular Ligament is a flattened band, which varies considerably 
in form and size in different individuals; it passes in a curved direction from 
the upper part of the inner extremity of one clavicle to the other, and is also 
attached to the upper margin of the sternum. It is in relation, in front, with 
the integument; behind, with the Sterno-thyroid muscles. 

The Costo-clavicular Ligament (rhomboid) is short, flat, and strong: it is of 
a rhomboid form, attached, below, to the upper and inner part of the cartilage 
of the first rib, it ascends obliquely backwards and outwards, and is attached, 
above, to the rhomboid depression on the under surface of the clavicle. It is 
in relation, in front, with the tendon of origin of the Subclavius ; behind, with 
the subclavian vein. 

The Interarticular Fibro-cartilage is a flat and nearly circular dise, interposed 
between the articulating surfaces of the sternum and clavicle. It is attached, 
above, to the upper and posterior border of the articular surface of the clavicle ; 
below, to the cartilage of the first rib, at its junction with the sternum ; and by 
its circumference to the anterior and posterior sterno-clavicular and interclavicular 
ligaments. It is thicker at the circumference, especially its upper and back part, 
than at its centre, or below. It divides the joint into two cavities, each of which 
is furnished with a separate synovial membrane. 

Of the two Synovial Membranes found in this articulation, one is reflected 
from the sternal end of the clavicle, over the adjacent surface of the fibro- 
cartilage, and cartilage of the first rib; the other is placed between the articular 
surface of the sternum and adjacent surface of the fibro-cartilage ; the latter is 
the larger of the two. 

Actions.—This articulation is the centre of the movements of the shoulder, 
and admits of a limited amount of motion in nearly every direction—upwards, 
downwards, backwards, forwards, as well as cireumduction. When these move- 
ments take place in the joint, the clavicle in its motion carries the scapula with 
it, this bone gliding on the outer surface of the chest. This joint therefore forms 
the centre from which all movements of the supporting arch of the shoulder 
originate, and is the only point of articulation of this part of the skeleton with 
the trunk. ‘The movements attendant on elevation and depression of the 
shoulder take place between the clavicle and the interarticular fibro-cartilage, the 
bone rotating upon the ligament on an axis drawn from before backwards through 
its own articular facet. When the shoulder is moved forwards and backwards, 
the clavicle, with the interarticular fibro-cartilage, rolls to and fro on the 
articular surface of the sternum, revolving, with a sliding movement, round an 
axis drawn nearly vertically through the sternum. In the cireumduction of the 
shoulder, which is compounded of these two movements, the clavicle revolves 
upon the interarticular fibro-cartilage, and the latter, with the clavicle, rolls 
upon the sternum.’* Elevation of the clavicle is principally limited by the 
costo-clavicular ligament; depression, by the interclavicular ligament and inter- 
articular fibro-cartilage. The muscles which raise the clavicle, as in shrugging 
the shoulders, are the upper fibres of the Trapezius, the Levator anguli scapule, 
the clavicular head of the Sterno-mastoid, assisted to a certain extent by the two 
Rhomboids, which pull the vertebral border of the Scapula backwards and 


* Humphry, On the Human Skeleton, page 402. 
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upwards and so raise the clavicle. The depression of the clavicle is principally 
effected by gravity, assisted by the Subclavius, Pectoralis minor, and lower fibres 
of the Trapezius. It is drawn backwards by the Rhomboids and the middle and 
lower fibres of the Trapezius, and forwards by the Serratus magnus and Pectoralis 
minor. 


Surface Form.—The position of the sterno-clavicular joint may be easily ascertained 
by feeling the enlarged sternal end of the collar-bone just external to the long, cord-like, 
sternal origin of the Sterno-mastoid muscle. If this muscle is relaxed by bending the 
head forwards, a depression just internal to the end of the clavicle, and between it and the 
sternum, can be felt, indicating the exact position of the joint, which is subcutaneous. 
When the arm hangs by the side, the cavity of the jointis V-shaped. If the arm israised, 
the bones become more closely approximated, and the cavity becomes a mere slit. 

Surgical Anatomy.—The strength of this joint mainly depends upon its ligaments, and 
it is owing to this, and to the fact that the force of the blow is usually transmitted along 
the long axis of the clavicle, that dislocation rarely occurs, and that the bone is broken 
rather than displaced. When dislocation does occur, the course which the displaced 
bone takes depends more upon the direction in which the violence is applied than upon 
the anatomical construction of the joint; it may be either forwards, backwards, or 
upwards. The chief point worthy of note, as regards the construction of the joint, in 
connection with dislocation, is the fact that, owing to the shape of the articular surfaces, 
and the strength of the joint mainly depending upon the ligaments, the displacement 
when reduced is very liable to recur, and hence it is extremely difficult to keep the end of 
the bone in its proper place. 


IL ACROMIO-CLAVICULAR ARTICULATION (fig. 363) 


The Acromio-clavicular is an arthrodial joint, formed between the outer 
extremity of the clavicle and the inner margin of the acromion process of the 
scapula. Its ligaments are, the 


Capsular. Interarticular Fibro-cartilage. 
Superior Acromio-clavicular. Trapezoid and 


: ; -clavicular 5 
Inferior Acromio-clavicular. Coraco-clavicula Conoid. 


The Capsular Ligament completely surrounds the articular margins, and is 
specially strong above and below, where it forms the superior and inferior 
acromio-clavicular ligaments. Tt consists of fibres arranged parallel to each 
other and passing between the adjacent borders of the two bones. 

The Superior Acromio-clavicular Ligament is a quadrilateral band, a part of 
the capsular ligament, which covers the superior part of the articulation, extending 
between the upper part of the outer end of the clavicle and the adjoining part of 
the upper surface of the acromion. It is composed of parallel fibres, which 
interlace with the aponeurosis of the Trapezius and Deltoid muscles; below, it is 
in contact with the interarticular fibro-cartilage (when it exists) and the synovial 
membranes. 

The Inferior Acromio-clavicular Ligament, also a part of the capsular ligament, 
is somewhat thinner than the preceding ; it covers the under part of the articula- 
tion, and is attached to the adjoining surfaces of the two bones. It is in relation, 
above, with the synovial membranes, and in rare cases with the interarticular 
fibro-cartilage ; below, with the tendon of the Supraspinatus. 

The Interarticular Fibro-cartilage is frequently absent in this articulation. 
When it exists, it generally only partially separates the articular surfaces, and 
occupies the upper part of the articulation. More rarely, it completely separates 
the joint into two cavities. 

he Synovial Membrane.—There is usually only one synovial membrane in 
this articulation, but when a complete interarticular fibro-cartilage exists, there 
are two. 

The Coraco-clavicular Ligament serves to connect the clavicle with the 
coracoid process of the scapula. It does not properly belong to this articulation, 
but as it forms a most efficient means in retaining the clavicle in contact with 
the acromial process, it is usually described with it. It consists of two fasciculi, 
called the trapezoid and conoid ligaments. 

The Trapezoid Ligament, the anterior and external fasciculus, is broad, thin, 
and quadrilateral: it is placed obliquely between the coracoid process and the 
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clavicle. It is attached, below, to the upper surface of the coracoid process ; 
above, to the oblique line on the under surface of the clavicle. Its anterior 
border is free; its posterior border is joined with the conoid ligament: the two 
forming, by their junction, a projecting angle. 

The Conoid Ligament, the posterior and internal fasciculus, is a dense band 
of fibres, conical in form, the base being directed upwards, the summit downwards. 
It is attached by its apex to a rough impression at the base of the coracoid process, 
internal to the preceding; above, by its expanded base, to the conoid tubercle on 
the under surface of the clavicle, and to a line proceeding internally from it for 
half an inch. These ligaments are in relation, in front, with the Subclavius and 
Deltoid ; behind, with the Trapezius. They serve to limit rotation of the scapula ; 
the Trapezoid limiting rotation forwards, and the Conoid backwards. 

Actions.—The movements of this articulation are of two kinds. 1. A gliding 
motion of the articular end of the clavicle on the acromium. 2. Rotation of the 


Fic. 363.—The left shoulder-joint, acromio-clavicular articulation, 
and proper ligaments of scapula. 
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scapula, forwards and backwards upon the clavicle, the extent of this rotation 
being limited by the two portions of the coraco-clavicular ligament. 

The acromio-clavicular joint has important functions in the movements of 
the upper extremity. It has been well pointed out by Humphry, that if 
there had been no joint between the clavicle and scapula, the circular movement 
of the scapula on the ribs oa in throwing the shoulders backwards or forwards) 
would have been attended with a greater alteration in the direction of the 
shoulder than is consistent with the free use of the arm in such positions, and it 
would have been impossible to give a blow straight forwards with the full force 
of the arm ; that is to say, with the combined force of the scapula, arm, and fore- 
arm. ‘This joint,’ as he happily says, ‘is so adjusted as to enable either bone to 
turn in a hinge-like manner upon a vertical axis drawn through the other, and it 
permits the surfaces of the scapula, like the baskets in a roundabout swing, to 
look the same way in every position, or nearly so.’ Again, when the whole arch 
formed by the clavicle and scapula rises and falls (in elevation or depression of 
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the shoulders), the joint between these two bones enables the scapula still to 
maintain its lower part in contact with the ribs. 


Surface Form.—The position of the acromio-clavicular joint can generally be ascertained 
by the slightly enlarged extremity of the outer end of the clavicle, which causes it to project 
above the level of the acromion process of the scapula. Sometimes this enlargement is 
so considerable as to form a rounded eminence, which is easily to be felt. The joint lies 
in the plane of a vertical line passing up the middle of the front of the arm. 

Surgical Anatomy.—The acromio-elavicular joint owes its security mainly to the 
coraco-clavicular ligament, which limits the amount of movement of the outer end of the 
clavicle either upwards, backwards, or forwards. Owing to the slanting shape of the 
articular surfaces of this joint, dislocation generally occurs downwards: that is to say, 
the acromion process of the scapula is dislocated under the outer end of the clavicle ; 
but dislocation in the opposite direction has been described. The displacement is often 
incomplete, on account of the strong coraco-clavicular ligaments, which remain untorn. 
The same difficulty exists, as in the sterno-clavicular dislocation, in maintaining the ends 
of the bone in position after reduction. 


Ill. PROPER LIGAMENTS OF THE SCAPULA (fig. 363) 


The proper ligaments of the scapula are, the 


Coraco-acromial. Transverse. 
Spino-glenoid. 


The Coraco-acromial Ligament is a strong triangular band, extending between 
the coracoid and acromial processes. It is attached, by its apex, to the summit 
of the acromion just in front of the articular surface for the clavicle; and by its 
broad base to the whole length of the outer border of the coracoid process. Its 
posterior fibres are directed inwards, its anterior fibres forwards and inwards. 
This ligament completes the vault formed by the coracoid and acromion processes 
for the protection of the head of the humerus. It is in relation, above, with the 
clavicle and under surface of the Deltoid ; below, with the tendon of the Supra- 
spinatus muscle, a bursa being interposed. Its outer border is continuous with a 
dense lamina that passes beneath the Deltoid upon the tendons of the Supra- and 
Infra-spinatus muscles. This ligament is sometimes described as consisting of 
two marginal bands and a thinner intervening portion, the two bands being 
attached respectively to the apex and base of the coracoid process, and joining 
together at their attachment into the acromion process. When the Pectoralis 
minor is inserted, as occasionally is the case, into the capsule of the shoulder- 
joint instead of into the coracoid process, it passes between these two bands, and 
the intervening portion is then deficient. 

The Transverse or Suprascapular Ligament converts the suprascapular notch 
into a foramen. ‘It is a thin and flat fasciculus, narrower at the middle than at 
the extremities, attached by one end to the base of the coracoid process, and by 
the other to the inner extremity of the scapular notch. The suprascapular nerve 
passes through the foramen ; the suprascapular vessels pass over the ligament. 
This ligament is sometimes ossified. 

The Spino-glenoid Ligament consists of a band of fibres, situated on the 
posterior surface of the neck of the scapula and stretching from the outer border 
of the spine to the margin of the glenoid cavity. It forms an arch under which 
the suprascapular vessels and nerve pass as they enter the infraspinous fossa. 

Movements of Scapula.—The scapula is capable of being moved upwards and 
downwards, forwards and backwards, or, by a combination of these movements, 
circumducted on the wall of the chest. The muscles which raise the scapula are 
the upper fibres of. the Trapezius, the Levator anguli scapule, and the two 
Rhomboids; those which depress it are the lower fibres of the Trapezius, the 
Pectoralis minor, and, through the clavicle, the Subclavius. The scapula is 
drawn backwards by the Rhomboids and the middle and lower fibres of the 
Trapezius, and forwards by the Serratus magnus and Pectoralis minor, assisted, 
when the arm is fixed, by the Pectoralis major. The mobility of the scapula is 
very considerable, and greatly assists the movements of the arm at the shoulder- 
joint. Thus, in raising the arm from the side, the Deltoid and Supraspinatus 
can "o lift it to a right angle with the trunk, the further elevation of the limb 
being effected by the Trapezius and Serratus magnus moving the scapula on the 
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wall of the chest. This mobility is of special importance in ankylosis of the 
shoulder-joint, the movements of this bone compensating to a very great extent 
for the immobility of the joint. 


IV. SHOULDER-JOINT (fig. 363) 


The Shoulder is an enarthrodial or ball-and-socket joint. The bones entering 
into its formation are the large globular head of the humerus, which is received 
into the shallow glenoid cavity of the scapula, an arrangement which permits of 
very considerable movement, while the joint itself is protected against displace- 
ment by the tendons which surround it and by atmospheric pressure. The liga- 
ments do not maintain the joint surfaces in apposition, because when they alone 
remain the humerus can be separated to a considerable extent from the glenoid 
cavity ; their use, therefore, is to limit the amount of movement. Above, the 
joint is protected by an arch, formed by the under surface of the coracoid and 
acromion processes, and the coraco-acromial ligament. The articular surfaces 
are covered by a layer of cartilage: that on the head of the humerus is thicker 
at the centre than at the circumference, the reverse being the case in the glenoid 
cavity. The ligaments of the shoulder are, the 


Capsular. Gleno-humeral. 
Coraco-humeral. Transverse Humeral. 
Glenoid.* 


The Capsular Ligament completely encircles the articulation, being attached, 
above, to the circumference of the glenoid cavity beyond the glenoid ligament ; 
below, to the anatomical neck of the humerus, approaching nearer to the arti- 
cular cartilage above than in the rest of its extent. Itis thicker above and helow 
than elsewhere, and is remarkably loose and lax, and much larger and longer 
than is necessary to keep the bones in contact, allowing them to be separated 
from each other more than an inch, an evident provision for that extreme free- 
dom of movement which is peculiar to this articulation. It is strengthened, 
above, by the Supraspinatus ; below, by the long head of the Triceps ; behind, by 
the tendons of the Infraspinatus and Teres minor ; and in front, by the tendon of 
the Subscapularis. ‘The capsular ligament usually presents three openings : one 
anteriorly, below the coracoid process, establishes a communication between the 
synovial membrane of the joint and a bursa beneath the tendon of the Sub- 
scapularis muscle. The second, which is not constant, is at the posterior part, 
where a communication sometimes exists between the joint and a bursal sac 
under the tendon of the Infraspinatus muscle. The third is seen between the 
tuberosities of the humerus, for the passage of the long tendon of the Biceps 
muscle. | 

The Coraco-humeral is a broad band which strengthens the upper part of 
the capsular ligament. It arises from the outer horder of the coracoid process, 
and passes obliquely downwards and outwards to the front of the great 
tuberosity of the humerus, being blended with the tendon of the Supraspinatus 
muscle. This ligament is intimately united to the capsular ligament by its 
hinder and lower border ; but its superior and anterior border presents a free 
edge, which overlaps the capsular ligament. 

Gleno-humeral Ligaments.-_In addition to the coraco-humeral hgament, the 
capsular ligament is strengthened by three supplemental bands in the intevior 
of the joint, which are named the gleno-humeral ligaments. These may be 
best seen by opening the capsule at the back of the joint and removing the 
head of the humerus. One of them is situated on the inner side of the joint, 
and passes from the inner edge of the glenoid cavity to the lower part of 
the lesser tuberosity of the humerus. This is sometimes known as F'lood’s 
ligament. A second is situated at the lower part of the joint, and passes from 
the under edge of the glenoid cavity to the under part of the anatomical neck 
of the humerus, and is known as Schlemm’s ligament. A third is situated 
at the upper part of the joint, and is fixed above to the apex of the glenoid 


* The long tendon of origin of the Biceps muscle also acts as ono of the ligaments of 
this joint. See the observations on page 351, on the function of the muscles passing over 
more than one joint. 
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cavity close to the root of the coracoid process, and passing downwards along 
the inner edge of the tendon of the Biceps; is attached below to the lesser 
tuberosity of the humerus. In addition to these, the capsule is strengthened 
externally on its anterior aspect by two bands derived from the tendons of 
the Pectoralis major and Teres major respectively. 

The Transverse Humeral Ligament.—This is a broad band of fibrous tissue 
assing from the lesser to the greater tuberosity of the humerus, and always 
imited to that portion of the bone which lies above the epiphysial line. It con- 

verts the bicipital groove into an osseo-aponeurotic canal, and is the analogue of 
the strong process of bone which connects the summits of the two tuberosities 
in the musk ox. i l i 
The Glenoid Ligament is a fibro-cartilaginous rim attached round the margin 
of the glenoid cavity. It is triangular on section, the thickest portion being 
fixed to the circumference of the cavity, the free edge being thin and sharp. 
It is continuous above with the long tendon of the Biceps muscle, which 
gives off two fasciculi, to blend with the fibrous tissue of the ligament. 
This ligament deepens the cavity for articulation, and protects the edges of the 
bone. 

The Synovial Membrane is reflected from the margin of the glenoid cavity 

over the glenoid ligament which surrounds it; it is then reflected over the 


Fig. 364.—Vertical sections through the shoulder-joint, the arm being vertical 
and horizontal. (After Henle.) 


BICEPS Clavicle SUPRASPINATUS Clavicle 





SuprRa- 







SPINATUS 


GLENOID 





r ` y 
TRICEPS 


Circumflex vessels 
` Circumflex vessels 


internal surface of the capsular ligament, and covers the lower part and sides of 
the anatomical neck of the humerus as far as the cartilage covering the head 
of the bone. The long tendon of the Biceps muscle which passes through the 
capsular ligament is enclosed in a tubular sheath of synovial membrane, which 
is reflected upon it at the point where it perforates the capsule, and is continued 
around it as far as the summit of the glenoid cavity. The tendon of the Biceps 
thus traverses the articulation, but it is not contained in the interior of the 
synovial cviky. 

Bursæ.--The bursæ in the neighbourhood of the shoulder-joint are the 
following: (1) A constant bursa is situated between the tendon of the Sub- 
scapularis muscle and the capsule of the joint, which communicates with the 
synovial membrane through an opening in the front of the capsular ligament: 
(2) a bursa is sometimes found between the tendon of the Infraspinatus and 
the s a which occasionally communicates with the joint: (3) a large bursa 
exists between the under surface of the Deltoid muscle and the capsule, which 
does not communicate with the joint; this bursa is prolonged under the 
acromion process and coraco-acromial ligament, and intervenes between these 
structures and the capsule of the joint: (4) a large bursa mucosa is situated 
on the summit of the acromion: (5) a bursa is frequently found between the 
coracoid process and the capsule of the joint: (6) there is a bursa beneath 
the Coraco-brachialis muscle; (7) one between the Teres major and the long 
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head of the Triceps; (8) one in front of, and another behind the tendon of the 
Latissimus dorsi. 

The Muscles in relation with the joint are, above, the Supraspinatus ; below, 
the long head of the Triceps; in front, the Subscapularis ; behind, the Infra- 
spinatus and Teres minor; within, the long tendon of the Biceps. The Deltoid 
is placed most externally, and covers the articulation on its outer side, as well as 
in front and behind. 

The Arteries supplying the joint are articular branches of the anterior and 
posterior circumflex, and suprascapular. 

The Nerves are derived from the circumflex and suprascapular. 

Actions.—The shoulder-joint is capable of movement in every direction, 
forwards, backwards, abduction, adduction, circumduction, and rotation. The 
humerus is drawn forwards by the Pectoralis major, anterior fibres of the 
Deltoid, Coraco-brachialis, and by the Biceps, when the forearm is flexed; 
backwards by the Latissimus dorsi, Teres major, posterior fibres of the Deltoid, 
and by the Triceps when the forearm is extended ; it is abducted (elevated) by 
the Deltoid and Supraspinatus; it is adducted (depressed) by the Subscapularis, 
Pectoralis major, Latissimus dorsi, and Teres major, and by the weight of the 
limb; it 1s rotated outwards by the Infraspinatus and Teres minor; and it 
is rotated inwards by the Subscapularis, Latissimus dorsi, Teres major, and 
Pectoralis major. 

The most striking peculiarities in this joint are: 1. The large size of the 
head of the humerus in comparison with the depth of the glenoid cavity, even 
when supplemented by the glenoid ligament. 2. The looseness of the capsule of 
the joint. 3. The intimate connection of the capsule with the muscles attached 
to the head of the humerus. 4. The peculiar relation of the Biceps tendon to 
the joint. 

it is in consequence of the relative size of the two articular surfaces, and 
the looseness of the capsular ligament, that the joint enjoys such free movement 
in every possible direction. When these movements of the arm are arrested in 
the shoulder-joint by the contact of the bony surfaces, and by the tension of the 
corresponding fibres of the capsule, together with that of the muscles acting as 
accessory ligaments, they can be carried considerably farther by the movements of 
the scapula, involving, of course, motion at the acromio- and sterno-clavicular 
joints. These joints are therefore to be regarded as accessory structures to the 
shoulder-joint (see page 377). The extent of these movements of the scapula is 
very considerable, especially in extreme elevation of the arm, which movement 
is best accomplished when the arm is thrown somewhat forwards and outwards, 
because the margin of the head of the humerus is by no means a true circle ; 
its greatest diameter is from the bicipital groove, downwards, inwards, and 
backwards, and the greatest elevation of the arm can be obtained by rolling 
its articular surface in the direction of this measurement. The great width 
of the central portion of the humeral head also allows of very free horizontal 
movement when the arm is raised to a right angle, in which movement the 
arch formed by the acromion, the coracoid process, and the coraco-acromial 
ligament, constitutes a sort of supplemental articular cavity for the head of 
the bone. 

The looseness of the capsule is so great that the arm will fall about an inch 
from the scapula when the muscles are dissected from the capsular ligament, and 
an opening made in it to counteract the atmospheric pressure. The movements 
of the joint, therefore, are not regulated by the capsule so much as by the sur- 
rounding muscles and by the pressure of the atmosphere, an arrangement which 
‘renders the movements of the joint much more easy than they would otherwise 
have been, and permits a swinging, pendulum-like vibration of the limb when 
the muscles are at rest’ (Humphry). The fact, also, that in all ordinary posi- 
tions of the joint the capsule is not put on the stretch, enables the arm to move 
freely in all directions. Extreme movements are checked by the tension of 
appropriate portions of the capsule, as well as by the interlocking of the bones. 
Thus it is said that ‘ abduction is checked by the contact of the great tuberosity 
with the upper edge of the glenoid cavity; adduction by the tension of the 
coraco-humeral ligament’ (Beaunis et Bouchard). Cleland* maintains that the 


* Journ. of Anat. and Phys. No. 1, 1886, p. 85. 
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limitations of movement at the shoulder-joint are due to the structure of the 
joint itself, the glenoid ligament fitting, in different positions of the elevated arm, 
into the anatomical neck of the humerus. 

Cathcart * has pointed out that in abducting the arm and raising it above the 
head, the scapula rotates throughout the whole movement with the exception of 
a short space at the beginning and at the end; that the humerus moves on the 
scapula not only from the hanging to the horizontal position but also in passing 
upwards as it approaches the vertical above; that the clavicle moves not only 
during the second half of the movement but in the first as well, though to a less 
extent—i.e. the scapula and clavicle are concerned in the first stage as well as in 
the second; and that the humerus is partly involved in the second as well as 
chiefly in the first. 

The intimate union of the tendons of the four short muscles with the capsule 
converts these muscles into elastic and spontaneously acting ligaments of the 
joint, and it is regarded as being also intended to prevent the folds into which 
all portions of the capsule would alternately fall in the varying positions of the 
joint from being driven between the bones by the pressure of the atmosphere. 

The peculiar relations of the Biceps tendon to the shoulder-joint appear to 
subserve various purposes. In the first place, by its connection with eng the 
shoulder and elbow the muscle harmonises the action of the two joints, and acts 
as an elastic ligament in all positions, in the manner previously adverted to (see 
page 351). Next, it strengthens the upper part of the articular cavity, and prevents 
the head of the humerus from being pressed up against the acromion process, 
when the Deltoid contracts, instead of forming the centre of motion in the glenoid 
cavity. By its passage along the bicipital groove it assists in rendering the head 
of the humerus steady in the various movements of the arm. When the arm is 
raised from the side it assists the Supra- and Infra-spinatus in rotating the head 
of the bumerus in the glenoid cavity. It also holds the head of the bone firmly 
in contact with the glenoid cavity, and prevents its slipping over its lower edge, 
or being displaced by the action of the Latissimus dorsi and Pectoralis major, as. 
in climbing and many other movements. 


Surface Form.—The direction and position of the shoulder-joint may be indicated b 
a line drawn from the middle of the coraco-acromial ligament, in a curved direction, min 
its convexity inwards, to the innermost part of that portion of the head of the humerus 
which can be felt in the axilla when the arm is forcibly abducted from the side. When 
the arm hangs by the side, not more than one-third of the head of the bone is in contact 
with the glenoid cavity, and three-quarters: of its circumference is in front of a vertical 
line drawn from the antcrior border of the acromion process. 

Surgical Anatomy.—Owing to the construction of the shoulder-joint and the freedom 
of movement which it enjoys, as well as in consequence of its exposed situation, it is more 
frequently dislocated than any other joint in the body. Dislocation occurs when the arm 
is abducted, and when, therefore, the head of the humerus presses against the lower and 
front part of the capsule, which is the thinnest and least supported part of the ligament. 
The rent in the capsule almost invariably takes place in this situation, and through it the 
head of the bone escapes, so that the dislocation in most instances is primarily subglenoid. 
The head of the bone does not usually remain in this situation, between the tendons of the 
Subscapularis and the Triceps, but generally assumes some other position, which varies 
according to the direction and amount of force producing the dislocation and the relative 
strength of the muscles in front and behind the joint. In consequence of the muscles at 
the back being stronger than those in front, and especially on account of the long head of 
the Triceps preventing the bone passing backwards, dislocation forwards is much more 
common than backwards. The most frequent position which the head of the humerus 
ultimately assumes is on the front of the neck of the scapula, beneath the coracoid process, 
and hence named subcoracoid dislocation. Occasionally, in consequence probably of a 
greater amount of force being brought to bear on the limb, the head is driven farther 
inwards, and rests on the upper part of the front of the chest, beneath the clavicle 
(subclavicular), Sometimes it remains in the position in which it was primarily dis- 
placed, resting on the axillary border of the scapula (subglenoid), and rarely it passes back- 
wards and remains in the infraspinatus fossa, beneath the spine (subspinous). 

The shoulder-joint is sometimes the seat of all those inflammatory affections, both acute 
and chronic, which attack joints, though perhaps less frequently than some other articu- 
lations of equal size and importance. Acute synovitis may result from injury, rheumatism, 
or pyzinia, or may follow secondarily on acute epiphysitis of infants. It is attended with 
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effusion into the joint, and when this occurs the capsule is evenly distended, and the contour 
of the joint rounded. Special projections may occur at the site of the openings in the 
capsular ligament, Thus a swelling may appear just in front of the joint, internal to the 
lesser tuberosity, from effusion into the bursa beneath the Subscapularis muscle ; or, again, 
a swelling which is sometimes bilobed may be seen in the interval between the Deltoid 
and Pectoralis major muscles, from effusion into the diverticulum, which runs down the 
bicipital groove with the tendon of the Biceps. The effusion into the synovial membrane 
can be best ascertained by examination from the axilla, where a soft, elastic, fluctuating 
swelling can usually be felt. In cases of septic synovitis, where incision is required, the 
opening should be made in front, over the most prominent point of the swelling. After 
the pus has been evacuated, a counter-opening should be made behind, so as to ensure 
efficient drainage. 

Tuberculous arthritis not infrequently attacks the shoulder-joint, and may lead to total 
destruction of the articulation, when ankylosis may result, or long-protracted suppuration 
may necessitate excision. This joint is also one of those which is most liable to be the 
seat of osteo-arthritis, and may also be affected in gout and rheumatism; or in locomotor 
ataxy, when it becomes the seat of Charcot’s disease. 

Ankylosis is occasionally met with in the shoulder-joint, as the result of destructive 
changes. The ankylosis usually takes place with the arm in a dependent position, and 
any attempt to raise the arm is attended by a rotation of the scapula on the wall of 
the chest. 

Excision of the shoulder-joint may be required in cases of arthritis (especially the tuber- 
culous form) which have gone on to destruction of the articulation ; in compound dislocations 
and fractures, particularly those arising from gunshot injuries, in which there has been 
extensive injury to the head of the bone; in some cases of old unreduced dislocation, where 
there is much pain; and possibly in some few cases of growth connected with the upper 
end of the bone. The operation is best performed by making an incision from the middle 
of the coraco-acromial ligament down the arm for about three inches: this will expose the 
bicipital groove and the tendon of the Biceps, which may be either divided or hooked out 
of the way, according as to whether it is implicated in the disease or not. The capsule 
is freely opened, and the muscles attached to the greater and lesser tuberosities of the 
humerus divided. The head of the bone can then be thrust out of the wound and sawn 
off; or divided with a narrow saw in situ and subsequently removed. The section should 
be made, if possible, just below the articular surface, so as to leave the bone as long as 
possible. The glenoid cavity must then be examined, and gouged if carious. 


V. ELBOW-JOINT (figs. 365, 366) 


The Elbow is a ginglymus or hinge-joint. The bones entering into its forma- 
tion are the trochlea of the humerus, which is received into the greater sigmoid 
cavity of the ulna, and admits of the movements peculiar to this joint, viz. flexion 
and extension; while the lesser, or radial, head of the humerus articulates 
with the cup-shaped depression on the head of the radius; the circumference 
of the head of the radius articulates with the lesser sigmoid cavity of the ulna, 
allowing of the movement of rotation of the radius on the ulna, the chief action 
of the superior radio-ulnar articulation. The articular surfaces are covered 
with a thin layer of cartilage, and connected together by a capsular ligament 
of unequal thickness, being especially thickened on its two sides, and, to a less 
extent, in front and behind. These thickened portions are usually described as 
distinct ligaments under the following names : 


Anterior. Internal Lateral. 
Posterior. External Lateral. 


The Anterior Ligament (fig. 365) is a broad and thin fibrous layer, which 
covers the anterior surface of the joint. Itis attached to the front of the internal 
epicondyle and to the front of the humerus immediately above the coronoid and 
radial fosse; below, to the anterior surface of the coronoid process of the ulna 
and orbicular ligament, being continuous on each side with the lateral ligaments. 
Its superficial fibres pass obliquely from the inner condyle of the humerus out- 
wards to the orbicular ligament. The middle fibres, vertical in direction, pass 
from the upper part of the coronoid depression and become partly blended with 
the preceding, but mainly inserted into the anterior suriace of the coronoid 
process. The deep or transverse set intersects these at right angles. This liga- 
ment is in relation, in front, with the Brachialis anticus, except at its outermost 
part; behind, with the synovial membrane. 
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The Posterior Ligament (fig. 366) is thin and membranous, and consists of 
transverse and oblique fibres. Above, it is attached to the humerus immediately 
behind the capitellum and close to the inner margin of the trochlear surface, to 
the lateral margins of the olecranon fossa, and to the back of the external condyle 
some little distance from the trochlear surface. Below, it is fixed to the upper 
and outer aspects of the olecranon process, to the a part of the orbicular 
ligament, and to the ulna behind the lesser sigmoid cavity. The transverse fibres 
form a strong band which bridges across the olecranon fossa ; under cover of this 
band a pouch of synovial membrane and a pad of fat project into the upper part 
of the fossa when the joint is extended In the fat are a few scattered fibrous 
bundles, which pass from the deep aspect of the transverse band to the upper 
part of the fossa. This ligament is in relation, behind, with the tendon of the 
Triceps and the Anconeus ; in front, with the synovial membrane. 


Fie. 365.—Left elbow-joint, showing Fie. 366.—Left elbow-joint, showing 
anterior and internal ligaments. posterior and external ligaments. 





The Internal Lateral Ligament (fig. 
365) is a thick triangular band consist- 
ing of two portions, an anterior and 
posterior, united by a thinner inter- 
mediate portion. -The anterior portion, directed obliquely forwards, is attached, 
above, by its apex, to the front part of the internal epicondyle of the humerus ; 
and, below, by its broad base, to the inner margin of the coronoid process. The 
posterior portion, also of triangular form, is attached, above, by its apex, to the 
lower and back part of the internal epicondyle; below, to the inner margin of 
the olecranon. Between these two bands a few intermediate fibres descend from 
the internal epicondyle to blend with a transverse band of ligamentous tissue 
which bridges across the notch between the olecranon and coronoid processes. 
This ligament is in relation, internally, with the Triceps and Flexor carpi ulnaris 


muscles, and the ulnar nerve, and gives origin to part of the Flexor sublimis 
digitorum, 
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The External Lateral Ligament (fig. 366) is a short and narrow fibrous band, 
less distinct than the internal, attached, above, to a depression below the external 
epicondyle of the humerus ; below, to the orbicular ligament, some of its most 
posterior fibres passing over that ligament, to be inserted into the outer margin 
of the ulna. This ligament is intimately blended with the tendon of origin of 
the Supinator brevis muscle. 

The Synovial Membrane is very extensive. It extends from the margin of 
the articular surface of the humerus, and lines the coronoid and olecranon fossæ 
on that bone: from these points, it is reflected over the anterior, posterior, and 
lateral ligaments; and forms a pouch between the lesser sigmoid cavity, the 
internal surface of the orbicular ligament, and the circumference of the head of 
the radius. Projecting into the cavity is a crescentic fold of synovial membrane, 
between the radius and ulna, suggesting the division of the joint into two: 
one the humero-radial, the other the 
humero-ulnar, 


Fre. 367.—Sagittal section of the right 


Between the capsular ligament 
and the synovial membrane are three 
masses of fat: one, the largest, over 


elbow-joint, taken somewhat obliquely 
and seen from the radial aspect. (After 
Braune.) 


the olecranon fossa, which is pressed 
into the fossa by the Triceps during 
flexion ; a second, over the coronoid 
fossa; and a third over the radial 
fossa. These are pressed into their 
respective fosse during extension. 

The Muscles in relation with the 
joint are, in front, the Brachialis 
anticus; behind, the Triceps and 
Anconeus ; externally, the Supinator 
brevis, and the common tendon of 
origin of the Extensor muscles; in- 
ternally, the common tendon of origin 
of the Flexor muscles, and the Flexor 
carpi ulnaris, with the ulnar nerve 
(fig. 367). ih 

The Arteries supplying the joint 
are derived from the anastomosis 
between the superior profunda, in- 
ferior profunda, and anastomotic 
branches of the brachial, with the 
anterior, posterior, and interosseous 
recurrent branches of the ulnar, and 
the recurrent branch of the radial. 
These vessels form a complete chain 
of inosculation around the joint. 

The Nerves are derived from the 
ulnar, as it passes between the in- 
ternal condyle and the olecranon ; 
a filament from the musculo-cutaneous (Riidinger), and two from the median 
(Macalister). l 

Actions.—The elbow-joint comprises three different portions, viz. : the joint 
between the ulna and humerus, that between the head of the radius and the 
humerus, and the superior radio-ulnar articulation, described below. All these 
articular surfaces are invested by a common synovial membrane, and the move- 
ments of the whole joint should be studied together. The combination of the 
movements of flexion and extension of the forearm with those of pronation and 
supination of the hand, which is ensured by the two being performed at the 
same joint, is essential to the accuracy of the various minute movements of the 
hand. 

The portion of the joint between the ulna and humerus is a simple hinge- 
joint, and allows of movements of flexion and extension only. Owing to the 
obliquity of the trochlear surface of the humerus, this movement does not take 
place in @ straight line; so that when the forearm is extended and supinated, the 
axes of the arm and forearm are not in the same line, the upper portion of the 
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limb forming an angle with the lower, and the hand, with the forearm, being 
directed outwards. During flexion, on the other hand, the forearm and the hand 
tend to approach the middle line of the body, and thus enable the hand to 
be easily carried to the face. The shape of the trochlear surface of the humerus, 
with its prominences and depressions, accurately adapted to the great sigmoid 
cavity, prevents any lateral movement. Flexion is produced by the action 
of the Biceps and Brachialis anticus, assisted by the muscles arising from the 
internal condyle of the humerus and the Supinator longus ; extension, by the 
Triceps and Anconeus, assisted by the Exteusors of the wrist and by the 
Extensor communis digitorum and Extensor minimi digiti. 

‘The joint between the head of the radius and the capitellum or radial head of 
the humerus is an arthrodial joint. The bony surfaces would of themselves 
constitute an enarthrosis and allow of movement in all directions, were it not for 
the orbicular ligament by which the head of the radius is bound down firmly to 
the sigmoid cavity of the ulna, and which prevents any separation of the two 
bones laterally. It is to the same ligament that the head of the radius owes 
its security from dislocation, which would otherwise occur, aS & consequence 
of the shallowness of the cup-like surface on the head of the radius. In 
fact, but for this ligament, the tendon of the Biceps would be liable to pull 
the head of the radius out of the joint.* In complete extension, the head of the 
radius glides so far backwards that its edge is plainly felt at the back of the 
articulation. Flexion and extension of the elbow-joint are limited by the 
tension of the structures on the front and back of the joint; the limitation of 
flexion being also aided by the soft structures of the arm and forearm coming 
into contact. 

In combination with any position of flexion or extension, the head of the 
radius can be rotated in the upper radio-ulnar joint, carrying the hand with it. 
The hand is directly articulated to the lower surface of the radius only, and the 
concave or sigmoid surface on the lower end of the radius travels round the lower 
end of the ulna. The latter bone is excluded from the wrist-joint by the inter- 
articular fibro-cartilage. Thus, rotation of the head of the radius round an axis 
which passes through the centre of the radial head of the humerus imparts 
circular movement to the hand through a very considerable arc. 


Surface Form.—if the forearm be slightly flexed on the arm, a curved crease or fold 
with its convexity downwards may be seen running across the front of the elbow, extending 
from one condyle to the other. The centre of this fold is some slight distance above the 
line of the joint. The position of the radio-humeral portion of the joint can be at once 
ascertained by feeling for a slight groove or depression between the head of the radius and 
the capitellum of the humerus at the back of the articulation. 

Surgical Anatomy.—F¥ rom the great breadth of the joint, and the manner in which the 
articular surfaces are interlocked, and also on account of the strong lateral ligaments and 
the support which the joint derives from the mass of muscles attached to each condyle of 
the humerus, lateral displacement of the bones is very uncommon; whereas antero- 
posterior dislocation, on account of the shortness of the antero-posterior diameter, the 
weakness of the anterior and postcrior ligaments, and thè want of support of muscles, 
occurs much more frequently. Dislocation backwards takes place when the forearm is 
in a position of extension, and forwards when in a position of flexion. For, in the former 
position, that of extension, the coronoid process is not interlocked into the coronoid fossa, 
and loses its grip to a certain extent, whereas the olecranon process is in the olecranon 
fossa, and entirely prevents displacement forwards. On the other hand, during flexion, the 
coronoid process is in the coronoid fossa, and prevents dislocation backwards, while the 
olecranon loses its grip and is not so efficient, as during extension, in preventing a forward 
displacement. When lateral dislocation does take place it is generally incomplete. 

Dislocation of the elbow-joint is of common occurrence in children, far more common 
than dislocation of any other articulation, for, as a rule, fracture of a bone more frequently 
takes place, under the application of any severe violence, in young persons, than dislocation. 
In lesions of this joint there is often very great difficulty in ascertaining the exact nature 
of the injury. . | 

The elbow-joint is occasionally the seat of acute synovitis. The joint cavity then 
becomes distended with fluid, the bulging showing itself principally around the olecranon - 
process, that is to say, on ifs inner and outer sides and above, in consequence of the 
laxness of the posterior ligament. Sometimes a well-marked triangular projection may 
be seen on the outer side of the olecranon, from bulging of the synovial membrane 
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beneath the Anconeus muscle. Again, there is often some swelling just above the head of 
the radius, in the line of the radio-humeral joint. There is not generally much swelling 
at the front of the joint, though sometimes deep-seated fulness beneath the Brachialis 
anticus may be noted. When suppuration occurs the abscess usually points at one or 
other border of the Triceps muscle ; occasionally the pus discharges itself in front, near 
the insertion of the Brachialis anticus muscle. In cases of suppurative synovitis, incisions 
should be made into the joint on either side of the olecranon, care being observed on the 
inner side to avoid wounding the ulnar nerve. Chronic synovitis, usually of tuberculous 
origin, is of common occurrence in the elbow-joint : under these circumstances the forearm 
tends to assume the position of semiflexion, which is that of greatest ease and relaxation 
of ligaments. It should be borne in mind, that should ankylosis occur in this or the 
extended position, the limb will not be nearly so useful as if ankylosed in a position of 
rather less than a right angle. Loose cartilages are sometimes met with in the elbow- 
joint, not so commonly, however, as in the kneo; nor do they, as a rule, give rise to such 
urgent symptoms, and rarely require operative interference. The elbow-joint is also 
sometimes affected with osteo-arthritis, but this affection is less common in this articula- 
tion than in some other of the larger joints. ' 

Excision of the elbow is principally required for three conditions—-viz. tuberculous 
arthritis, injury and its results, and faulty ankylosis—but may be necessary for some other 
rarer conditions, such as disorganising arthritis after pyæmia, unreduced dislocations, and 
osteo-arthritis, The results of the operation are, as a rule, more favourable than those of 
excision of any other joint, and it is one, therefore, that the surgeon should never hesitate 
to perform, especially in the first three of the conditions mentioned above. The operation 
is best performed by a single vertical incision down the back of the joint; a transverse 
incision, over the outer condyle, being added if the parts are much thickened and fixed. 
A straight incision is made about four inches long, the mid-point of which is on a Jevel 
with and a little to the inner side of the tip of the olecranon. This incision is made down 
to the bone, through the substance of the Triceps muscle. The operator with the point of 
his knife, and guarding the soft parts with his thumb-nail, separates thein from the bone. 
In doing this there are two structures which he should carefully avoid: the ulnar nerve, 
which lies parallel to his incision, but a little internal, as it courses down between the 
internal condyle and the olecranon process; and the prolongation of the Triceps into the 
deep fascia of the forearm over the Anconeus muscle. Having cleared the bones and 
divided the lateral and posterior ligaments, the forearm is strongly flexed and the 
ends of the bones turned out and sawn off. The turning out of the ends of the bones is 
rendered easier by first cutting off the olecranon process with a pair of cutting bone 
forceps. The section of the humerus should be through the base of the condyles, that of 
the ulna and radius should be just below the level of the lesser sigmoid cavity of the ulna 
and the neck of the radius. In this operation the object is to obtain such union as shall 
allow free motion of the bones of the forearm; and, therefore, passive motion must be 
commenced early—that is to say, about the tenth day. 


VI. RADIO-ULNAR ARTICULATIONS 


The articulation of the radius with the ulna is effected by ligaments, which 
connect together both extremities as well as the shafts of these bones. They 
may, consequently, be subdivided into three sets: 1. The superior radio-ulnar 
articulation ; 2. the middle radio-ulnar union; and, 3. the inferior radio-ulnar 
articulation. 


I. SUPERIOR RADIO-ULNAR ARTICULATION 


This articulation is a trochoid or pivot-joint. The parts entering into its 
formation are the inner side of the circumference of the head of the radius and 
the lesser sigmoid cavity of the ulna. Its only ligament is the annular or 
orbicular. | | 

The Orbicular Ligament (fig. 366) is a strong band of ligamentous fibres, 
which surrounds the head of the radius, and retains it in firm connection with 
the lesser sigmoid cavity of the ulna. It forms about four-fifths of an osseo- 
fibrous ring, attached by each end to the extremities of the lesser sigmoid cavity, 
and is smaller at the lower part of its circumference than above, by which means 
the head of the radius is more securely held in its position. Its upper border 
blends with the anterior and posterior ligaments of the elbow, while its outer 
surface is strengthened by the external lateral ligament of the elbow, and affords 
origin to part of the Supinator brevis musele. Its inner surface is smooth, and 
lined by synovial membrane. The synovial membrane is continuous with that 
which lines the elbow-joint. 
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Actions.—The movement which takes place in this articulation is limited 
to rotation of the head of the radius within the ring formed by the orbicular 
ligament, and the lesser sigmoid cavity of the ulna; rotation forwards being 
called pronation ; rotation backwards, supination. Supination is performed by 
the Biceps and Supinator brevis, assisted to a slight extent by the Extensor 
muscles of the thumb and, in certain positions, by the Supinator longus. Pro- 
nation is performed by the Pronator radii teres and the Pronator quadratus, 
assisted, in some positions, by the Supinator longus. 


Surface Form.—The position of the superior radio-ulnar joint is marked on the surface 
of the body by the little dimple on the back of the elbow which indicates the position of 
the head of the radius. S 

Surgical Anatomy.—Dislocation of the head of the radius alone is not an uncommon 
accident, and occurs most frequently in young persons from falls on the hand when the 
forearm is extended and supinated, the head of the bone being displaced forward. It is 
attended by rupture of the orbicular ligament. Occasionally a peculiar injury, which is 
supposed to be a subluxation, occurs in young children in lifting them from the ground 
by the hand or forearm. ` It is believed that the head of the radius is displaced downwards 
in the orbicular ligament, the upper border of which becomes folded over the head of the 
radius, between it and the capitellum of the humerus. The forearm becomes fixed in a 
position of semiflexion, midway between supination and pronation, and great pain is 
complained of upon any attempt to move the joint. 


2. MrippLE RADIO-ULNAR UNION 


The shafts of the radius and ulna are connected by the 


Oblique ligament and the Interosseous membrane. 


The Oblique or Round Ligament (fig. 365) is-a small, flattened, fibrous band, 
which extends obliquely downwards and outwards, from the tubercle of the ulna 
at the base of the coronoid process to the radius a little below the bicipital 
tuberosity. Its fibres run in the opposite direction to those of the interosseous 
ligament ; and it appears to be placed as a substitute for it in the upper part of 
the interosseous interval. This ligament is sometimes wanting. 

The Interosseous Membrane is a broad and thin plane of fibrous tissue 
descending obliquely downwards and inwards, from the interosseous ridge on 
the radius to that on the ulna. It is deficient above, commencing about an inch 
beneath the tubercle of the radius; is broader in the middle than at either 
extremity ; and presents an oval aperture just above its lower margin for the 
passage of the anterior interosseous vessels to the back of the forearm. This 
ligament serves to connect the bones, and to increase the extent of surface for 
the attachment of the deep muscles. Between its upper border and the oblique 
ligament an interval exists, through which the posterior interosseous vessels 
pass. Two or three fibrous bands are occasionally found on the posterior 
surface of this membrane, which descend obliquely from the ulna towards the 
radius, and which have consequently a direction contrary to that of the other 
fibres. It is in relation, in front, by its upper three-fourths, with the Flexor 
longus pollicis on the outer side, and with the Flexor profundus digitorum on 
the inner, lying in the interval between which are the anterior interosseous 
vessels and nerve; by its lower fourth with the Pronator quadratus; behind, 
with the Supinator brevis, Extensor ossis metacarpi pollicis, Extensor brevis 
pollicis, Extensor longus pollicis, Extensor indicis ; and, near the wrist, with 
the anterior interosseous artery and posterior interosseous nerve. 


3. [NFERIOR RADIO-ULNAR ARTICULATION 


This is a pivot-joint, formed by the head of the ulna received into the 
sigmoid cavity at the inner side of the lower end of the radius. The articular 
surfaces are covered by a thin layer of cartilage, and connected together by the 
following ligaments : f 


Anterior Radio-ulnar. Posterior Radio-ulnar. 
Interarticular Fibro-cartilage. 
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The Anterior Radio-ulnar Ligament (fig. 368) is a narrow band of fibres 


extending from the anterior margin of the sigmoid cavity of the radius to the 
anterior surface of the head of the ulna. 


Fig. 368.—Ligaments of wrist and hand. Anterior view. 
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The Posterior Radio-ulnar Ligament (fig. 369) extends between similar points 
on the posterior surface of the articulation. 

The Interarticular Fibro-cartilage (fig. 371) is triangular in shape, and is 
placed transversely beneath the head of the ulna, binding the lower end of this 


Fic. 369.—Ligaments of wrist and hand. Posterior view. 
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bone andsthe radius firmly together. Its periphery is thicker than’ its centre, 
which is thin and occasionally perforated. It is attached by its apex to a de- 

ression which separates the styloid process of the ulna from the head of that 
tone, and by its base, which is thin, to the prominent edge of the radius, which 
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separates the sigmoid cavity from the carpal articulating surface. Its margins 
are united to the ligaments of the wrist-joint. Its upper surface, smooth and 
concave, articulates with the head of the ulna, forming an arthrodial joint ; its 
under surface, also concave and smooth, forms part of the wrist-joint and 
articulates with the cuneiform and inner part of the semilunar bones. Both 
surfaces are lined by a synovial membrane: the upper surface, by one peculiar 
to the radio-ulnar articulation ; the under surface, by the synovial membrane of 
the wrist. 

The Synovial Membrane (fig. 371) of this articulation has been called, from 
its extreme looseness, the membrana saccifornvis ; it extends horizontally inwards 
between the head of the ulna and the interarticular fibro-cartilage, mall upwards 
between the radius and the ulna, forming here a very loose cul-de-sac. The 
quantity of synovia which it contains is usually considerable. 

Actions.—The movement in the inferior radio-ulnar articulation is just the 
reverse of that in the superior radio-ulnar joint. It consists of a movement of 
rotation of the lower end of the radius round an axis which corresponds to the 
centre of the head of the ulna. When the radius rotates forwards, pronation of 
the forearm and hand is the result; and when backwards, supination. It will 
thus be seen that in pronation and supination of the forearm and hand the 
radius describes a segment of a cone, the axis of which extends from the centre 
of the head of the radius to the middle of the head of the ulna. In this move- 
ment, however, the ulna is not quite stationary, but rotates a little in the opposite 
direction. So that it also describes the segment of a cone, though of smaller size 
than that described by the radius. The movement which causes this alteration 
in the position of the head of the ulna takes place principally at the shoulder- 
joint by a rotation of the humerus, but possibly also to a slight extent at the 
elbow-joint,* 


Surface Form.—The position of the inferior radio-ulnar joint may be ascertained by 
feeling for a slight groove at the back of the wrist, between the prominent head of the 
ulna and the lower end of the radius, when the forearm is in a state of almost complete 
pronation. 


VII. RADIO-CARPAL OR WRIST-JOINT 


The Wrist is a condyloid articulation. The parts entering into its formation 
are the lower end of the radius-and under surface of the interarticular fibro- 
cartilage on the one hand; and the scaphoid, semilunar, and cuneiform 
bones on the other. The articular surface of the radius and the under. surface 
of the interarticular fibro-cartilage form together a transversely elliptical concave 
surface, the receiving cavity. The articular surfaces of the scaphoid, semilunar, 
and cuneiform bones present a smooth, convex surface, the condyle, which 
is received into the concavity above mentioned. All the bony surfaces of the 
articulation are covered with cartilage, and connected together by a capsule, 
which is divided into the following ligaments : 


External Lateral. Anterior. 
Internal Lateral. Posterior. 


The External Lateral Ligament (radio-carpal) (fig. 368) extends from the 
summit of the styloid process of the radius to the outer side of the scaphoid, 
some of its fibres being prolonged to the trapezium and annular ligament. It 
has in relation with it the radial artery, which separates the ligament from the 
tendons of the Extensor ossis metacarpi and Extensor brevis pollicis. 

The Internal Lateral Ligament (ulno-carpal) is a rounded cord, attached, 
above, to the extremity of the styloid process of the ulna; and dividing below 
into two fasciculi, one of which is attached to the inner side of the cuneiform 
bone, the other to the pisiform bone and annular ligament. 

The Anterior Ligament is a broad membranous band, attached, above, to the 
anterior margin of the lower end of the radius, to its styloid process and to the 
ulna; its fibres pass downwards and inwards to be inserted into the palmar 
surface of the scaphoid, semilunar, and cuneiform bones, some of the fibres 
being continued to the os magnum. In addition to this broad membrane, there 


* See Journ. of Anat. and Phys. vol. xix. parts ii., iii. and iv. 
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is a distinct rounded fasciculus, superficial to the rest, which passes from the 
base of the styloid process of the ulna to the semilunar and cuneiform bones. 
This ligament is perforated by numerous apertures for the passage of vessels, 
and is in relation, in front, with the tendons of the Flexor profundus digitorum 
and Flexor longus pollicis; behind, with the synovial membrane of the wrist- 
joint, where it is closely adherent to the 

anterior border of the triangular fibro-cartilage Fie. 370.-—Longitudinal section of 


of the inferior radio-ulnar articulation. the right forearm, hand, and third 
The Posterior Ligament (fig. 369), less finger, viewed from the ulnar 
thick and strong than the anterior, is attached, aspect. (After Braune.) 


above, to the posterior border of the lower end 
of the radius ; its fibres pass obliquely down- 
wards and inwards, to be attached to the 
dorsal surface of the scaphoid, semilunar, and 
cuneiform bones, being continuous with those | 

of the dorsal carpal ligaments. This liga- Wa ie 

ment is in relation, behind, with the Extensor aut i AN EA 
tendons of the fingers; in front, with the W + a i 7 
synovial membrane of the wrist, where it is ERENCE 
blended with the triangular fibro-cartilage. YONNE 

The Synovial Membrane (fig. 371) lines the 
inner surface of the ligaments above described, 
extending from the lower end of the radius 
and interarticular fibro-cartilage above to the 
articular surfaces of the carpal bones below. 
Tt is loose and lax, and presents numerous 
folds, especially behind. 

Relations.—The wrist-jomt is covered in 
front by the Flexor, and behind by the Ex- 
tensor tendons; it is also in relation with the 
radial and ulnar arteries. 

The Arteries supplying the joint are the 
anterior and posterior carpal branches of the 
radial and ulnar, the anterior and posterior 
interosseous, and some ascending branches 
from the deep palmar arch. 

The Nerves are derived from the ulnar and 
posterior interosseous. 

Actions.—The movements permitted in 
this joint ave flexion, extension, abduction, ad- 
duction, and circumduction. Its actions will 
be further studied with those of the carpus, 
with which they are combined. 
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Surface Form.—On the front of the lower part 
of the forearm three transverse furrows may be 
generally seen: the uppermost is on a level with 
the styloid process of the ulna; the middle corre- 
sponds fairly accurately with the wrist-joint; and 
the lowest indicates the position of the mid-carpal 
articulation. 

Surgical Anatony.—The wrist-joint is rarely 
dislocated, its strength depending mainly upon the numerous strong tendons which 
surround the articulation. Its security is further provided for by the number of small 
bones of which the carpus is made up, and which are united by very strong ligaments. 
The slight movement which takes place between the several bones serves to break the 
jars that result from falls or blows on the hand. Dislocation backwards, which is the 
more common, simulates to a considerable extent Colles’s fracture of the radius, and 
is liable to be mistaken for it. The diagnosis can be easily made out by observing 
the relative position of the styloid processes of the radius and the ulna. In the natural 
condition the styloid process of the radius is on a lower level, i.e. nearer the ground, 
when the arm hangs by the side, than that of the ulna, and the same would be the 
case in dislocation. In Colles’s fracture, on the other hand, the styloid process of the 
radius is on the same, or even a higher level than that of the ulna. 

The wrist-joint is occasionally the seat of acute synovitis, the result of traumatism, or 
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arising in the rheumatic or pyemic state. When the synovial sac is distended with fluid, 
the swelling is greatest on the dorsal aspect of the wrist, showing a general fulness, with 
some bulging between the tendons. The inflammation is prone to extend to the inter- 
carpal joints and to attack also the sheaths of the tendons in the neighbourhood. Chronic 
inflammation of the wrist is generally tuberculous, and often leads to similar disease in 
the synovial sheaths of adjacent tendons and of the intercarpaljoints. The disease, there- 
fore, when progressive, frequently leads to necrosis of the carpal bones, and the result is 
often unsatisfactory. 


VIII. ARTICULATIONS OF THE CARPUS 


These articulations may be subdivided into three sets : 


1. The Articulations of the First Row of Carpal Bones. 
2. The Articulations of the Second Row of Carpal Bones. 
3. The Articulations of the Two Rows with each other. 


1. ARTICULATIONS OF THE Frrst OR Proxima Row or CARPAL Bones 


These are arthrodial joints. The ligaments connecting the scaphoid, semi- 
lunar, and cuneiform bones are— 


Dorsal. Palmar. 
Two Interosseous. 


The Dorsal Ligaments, two in number, are placed transversely behind the 
bones of the first row; they connect the scaphoid and semilunar, and the semi- 
lunar and cuneiform. 

The Palmar Ligaments, also two, connect the scaphoid and semilunar, and 
the semilunar and cuneiform bones; they are less strong than the dorsal, and 
placed very deeply below the Flexor tendons and the anterior ligament of the wrist. 

The Interosseous Ligaments (fig. 371) are two narrow bundles of fibrous 
tissue, connecting the semilunar bone, on one side with the scaphoid, and on the 
other with the cuneiform. They are on a level with the superior surfaces of 
these bones, and their upper surfaces are smooth, and form with the bones 
which they connect, the convex articular surface of the wrist-joint. 

The ligaments connecting the pisiform bone are— 


Capsular. Two Palmar. 


The Capsular Ligament is a thin membrane which connects the pisiform 
bone to the cuneiform. It is lined with a separate synovial membrane. 

The two Palmar Ligaments are strong fibrous bands which connect the 
pisiform ‘to the unciform, the piso-unciform, and to the base of the fifth meta- 
carpal bone, the piso-metacarpal ligament (fig. 368). These ligaments are, in 
reality, prolongations of the tendon of the Flexor carpi ulnaris. 


2. ARTICULATIONS OF THE SECOND oR Distar Row or CARPAL Bones 


These also are arthrodial joints. The articular surfaces are covered with 
cartilage, and connected by the following ligaments: 


Dorsal. Palmar. 
Three Interosseous. 


The Dorsal Ligaments, three in number, extend transversely from one bone 
to another-on the dorsal surface, connecting the trapezium with the trapezoid, the 
trapezoid with the os magnum, and the os magnum with the unciform. 

ae Palmar Ligaments, also three, have a similar arrangement on the palmar 
surface. 

The three Interosseous Ligaments, much thicker than those of the first row, 
are placed one between the os magnum and the unciform, a second between the 
os magnum and the trapezoid, and a third between the trapezium and trapezoid. 
The first of these is much the strongest, and the third is sometimes wanting. 
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3. ARTICULATIONS OF THE Two Rows oF CARPAL BONES WITH EACH OTHER 


The joint between the scaphoid, semilunar, and cuneiform on the one hand, 
and the second row of the carpus on the other, is named the mid-carpal joint, and 
is made up of three distinct portions; in the centre the head of the os magnum 
and the superior surface of the unciform articulave with the deep cup-shaped 
cavity formed by the scaphoid and semilunar bones, and constitute a sort of ball- 
and-socket joint. On the outer side the trapezium and trapezoid articulate with 
the scaphoid, and on the inner side the unciform articulates with the cuneiform, 
forming gliding joints. 

The hgaments are— 

Anterior or Palmar. External Lateral. 
Posterior or Dorsal. Internal Lateral. 


The Anterior or Palmar Ligament consists of short fibres, which pass, for 
the most part, from the palmar surface of the bones of the first row to the front 
of the os magnum. 

The Posterior or Dorsal Ligament consists of short, irregular bundles of fibres 
passing between the bones of the first and second row on the dorsal surface of 
the carpus. 

The Lateral Ligaments are very short: one is placed on the radial, the 
other on the ulnar side of the carpus; the former, the stronger and more distinct, 
connecting the scaphoid and trapezium, the latter the cuneiform and unciform ; 
they are continuous with the lateral ligaments of the wrist-joint. In addition 
to these ligaments, a slender interosseous band sometimes connects the os 
magnum and the scaphoid. 

The Synovial Membrane of the Carpus is very extensive; it passes from the 
under surface of the scaphoid, semilunar, and cuneiform bones to the upper 
surface of the bones of the second row, sending upwards two prolongations— 
between the scaphoid and semilunar, and the semilunar and cuneiform—sending 
downwards three prolongations between the four bones of the second row. 
The prolongation between the trapezium and trapezoid, or that between the 
trapezoid and os magnum, is often continued onwards, through the absence of 
the interosseous ligament, into the carpo-metacarpal joints, sometimes of the 
four inner metacarpal bones; sometimes of the second and third metacarpal 
bones only. In the latter condition, the carpo-metacarpal joints of the fourth 
and fifth metacarpal bones have a separate synovial membrane. The synovial 
membranes of these joints are prolonged for a short distance between the meta- 
carpal bones. There is a separate synovial membrane between the pisiform and 
cuneiform bones. 

Actions.—The articulation of the hand and wrist, considered as a whole, is 
divided into three parts: (1) the radius and the interarticular fibro-cartilage ; 
(2) the meniscus, formed by the scaphoid, semilunar, and cuneiform—the pisi- 
form bone having no essential part in the movement of the hand; (3) the hand 
proper, the metacarpal bones with the four carpal bones on which they are 
supported, viz. the trapezium, trapezoid, os magnum, and unciform. These 
three elements form two joints: (1) the superior (wrist-joint proper), between 
the meniscus and bones of the forearm; (2) the inferior, between the hand and 
meniscus (transverse or mid-carpal joint). 

(1) The articulation between the forearm and carpus is a true condyloid 
articulation, and therefore all movements but rotation are permitted. Flexion and 
extension are the most free, and of these a greater amount of extension than 
flexion is permitted on account of the articulating surfaces extending farther on 
the dorsal than on the palmar aspect of the carpal bones. In this movement 
the carpal bones rotate on a transverse axis drawn between the tips of the 
styloid processes of the radius and ulna. A certain amount of adduction oi 
ulnar flexion) and abduction (or radial flexion) is also permitted. Of these the 
former is considerably greater in extent than the latter, on account of the shorter 
length of the styloid process of the ulna, abduction being limited by the contact 
of the styloid process of the radius with the trapezium. In this movement the 
carpus revolves upon an antero-posterior axis drawn through the centre of 
the wrist. Finally, cireumduction is permitted by the consecutive movements 
of adduction, extension, abduction, and flexion, with intermediate movements 
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between them. There is no rotation, but this is provided for by the supination 
and pronation of the radius on the ulna. The movement of flexton is performed 
by the Flexor carpi radialis, the Flexor carpi ulnaris, and the Palmaris longus ; 
extension by the Extensor carpi radialis longior et brevior and the Extensor 
carpi ulnaris; adduction (ulnar flexion) by the Flexor carpi ulnaris and the 
Extensor carpi ulnaris; and abduction (radial flexion) by the Extensors of the 
thumb, and the Extensor carpi radialis longior and brevior and the Flexor carpi 
radialis. 

(2) The chief movements permitted in the transverse or mid-carpal joint are 
flexion and extension and a slight amount of rotation. In flexion and extension, 
which is the movement most freely enjoyed, the trapezium and trapezoid on the 
radial side and the unciform on the ulnar side glide forwards and backwards on 
the scaphoid and cuneiform respectively, while the head of the os magnum and 
the superior surface of the unciform rotate in the cup-shaped cavity of the 
scaphoid and semilunar. Flexion at this joint is freer than extension. A very 
trifling amount of rotation is also permitted, the head of the os magnum rotating 
round a vertical axis drawn through its own centre, while at the same time @ 
slight gliding movement takes place in the lateral portions of the joint. 


IX. CARPO-METACARPAL ARTICULATIONS 


1. ARTICULATION OF THE METACARPAL BONE OF THE THUMB WITH 
THE TRAPEZIUM 


This is a joint of reciprocal reception, and enjoys great freedom of movement, 
on account of the configuration of its articular surfaces, which are saddle-shaped, 
so that, on section, each bone appears to be received into a cavity in the other, 
according to the direction in which they are cut. The joint is surrounded by a 
capsular ligament. 

The Capsular Ligament is thick but loose, and passes from the circumference 
of the upper extremity of the metacarpal bone to the rough edge bounding the 
articular surface of the trapezium ; it is thickest externally and behind, and lined 
by a separate synovial membrane. 

Movements.—In the articulation of the metacarpal bone of the thumb with 
the trapezium, the movements permitted are flexion, extension, adduction, abduc- 
tion, and circumduction. When the joint is flexed, the metacarpal bone is moved 
inwards and forwards, and the thumb is opposed to the fingers. It is by this 
peculiar movement of opposition that the tip of the thumb is brought into contact 
with the palmar surfaces of the slightly flexed fingers one after another. 


2. ARTICULATIONS OF THE METACARPAL BONES OF TRE Four INNER 
FINGERS WITH THE CARPUS 


The joints formed between the carpus and four inner metacarpal bones are 
arthrodial joints. The ligaments are— 


Dorsal. Palmar. 
Interosseous. 


The Dorsal Ligaments, the strongest and most distinct, connect the carpal 
and metacarpal bones on their dorsal surface. The second metacarpal bone 
receives two fasciculi, one from the trapezium, the other from the trapezoid ; 
the third metacarpal receives two, one from the trapezoid, and one from the os 
magnum ; the fourth two, one from the os magnum, and one from the unciform ; 
the fifth receives a single fasciculus from the unciform bone, which is continuous 
with a similar ee on the palmar surface, forming an incomplete capsule. 

The Palmar Ligaments have a somewhat similar arrangement on the palmar 
surface, with the exception of the third metacarpal, which has three ligaments, 
an external one from the trapezium, situated above the sheath of the tendon of 
the Flexor carpi radialis; a middle one from the os magnum; and an internal 
one from the unciform. 

The Interosseous Ligaments consist of short, thick fibres, which are limited 
to one part of the carpo-metacarpal articulation ; they connect the contiguous 
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inferior angles of the os magnum and unciform with the adjacent surfaces of the 
third and fourth metacarpal bones. 

The Synovial Membrane is frequently a continuation of that between the two 
rows of carpal bones. Occasionally, the articulation of the unciform with the 
fourth and fifth metacarpal bones has a separate synovial membrane. 

The synovial membranes of the wrist and carpus (fig. 371) are thus seen to be 
five in number. The first, the membrana sacctformis, passes from the lower end 
of the ulna to the sigmoid cavity of the radius, and lines the upper surface of the 
interarticular fibro-cartilage. The second passes from the lower end of the radius 
and interarticular fibro-cartilage above, to the bones of the first row below. The 
third, the most extensive, passes between the contiguous margins of the two rows 
of carpal bones, and sometimes, in the event of one of the interosseous ligaments 
being absent, between the bones of the second row to the carpal extremities of the 
four inner metacarpal bones. The fourth, from the margin of the trapezium to 
the metacarpal bone of the thumb. The fifth, between the adjacent “margins of 
the cuneiform and pisiform bones. Occasionally the carpo-metacarpal joints have 
a separate synovial membrane (see page 393). 


Fie. 371.—-Vertical section through the articulations at the wrist, showing 
the five synovial membranes. 
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Actions.— The movement permitted in the carpo-metacarpal articulations of 
the four inner fingers is limited to a slight gliding of the articular surfaces upon 
each other, the extent of which varies in the different joints. Thus the articulation 
of the metacarpal bone of the little finger is most movable, then that of the 
ring-finger. The metacarpal bones of the index and middle fingers are almost 
immovable. 


3. ARTIOULATIONS oF THE METACARPAL BONES WITH EACH OTHER 


The carpal extremities of the four inner metacarpal bones articulate with 
one another at each side by small surfaces covered with cartilage, and connected 
together by dorsal, palmar, and interosseous ligaments. 

The Dorsal and Palmar Ligaments pass transversely from one bone to 
another on the dorsal and palmar surfaces. The IJnterosscous Ligaments pass 
between their contiguous surfaces, Just beneath their lateral articular facets. 

The Synovial Membrane between the lateral facets is a reflection from that 
between the two rows of carpal bones. 

The Transverse Metacarpal Ligament (fig. 372) is a narrow fibrous band, 
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which passes transversely across the anterior surfaces of the digital extremities 
of the four inner metacarpal bones, connecting them together. It is blended 
anteriorly with the anterior (glenoid) ligament of the metacarpo-phalangeal 
articulations. To its posterior border is connected the fascia which covers the 
Interossei muscles. Its anterior surface is concave where the Flexor tendons 
pass over it. Behind it the tendons of the Interossei muscles pass to their 
insertion. 


X. METACARPO-PHALANGEAL ARTICULATIONS (fg. 372) 


These articulations are of the condyloid kind, formed by the reception of the 
rounded head of the metacarpal bone into a shallow cavity in the extremity 
of the first phalanx, with the 


Fig. 372.—Articulations of the phalanges. exception of that of the thumb, 
which presents more of the 
3 characters of a ginglymoid 


joint. The ligaments are — 


Anterior. 
Two Lateral. 









VERE Se eran teat The Anterior Ligaments 
SFist z à ee eon f (Glenoid Ligaments of Cru- 
veilhier) are thick, dense, 
fibro-cartilaginous structures, 
placed upon the palmar sur- 
face of the joints in the 
intervals between the lateral 
ligaments, to which they are 
connected ; they are loosely 
united to the metacarpal bone, 
but are very firmly attached to 
the base of the first phalanx. 
Their palmar surfaces are 
intimately blended with 
the transverse metacarpal 
ligament, and present m 
groove for the passage of the 
Flexor tendons, the sheath sur- 
rounding which is connected 
to each side of the groove. By 
Phalangeal their deep surfaces, they form 
ga iuiations part. of the articular facets 
for the heads of the meta- 
carpal bones, and are lined by 
synovial membranes. 

The Lateral Ligaments are 
strong, rounded cords, placed 
one on each side of the joint, 
and attached by one extremity 
to the posterior tubercle and 
adjacent depression on the 

side of the head of the metacarpal bone, and by the other to the contiguous 
extremity of the phalanx. 

Actions.—The movements which occur in these joints are flexion, exten- 
sion, adduction, abduction, and cireumduction ; the lateral movements are very 
limited. | 

Surface Form.—The prominences of the knuckles do not correspond to the position of 
the joints either of the metacarpo-phalangeal or interphalangeal articulations. These 
preminences arè invariably formed by the distal ends of the proximal bone of each joint, 
and the line indicating the position of the joint must be sought considerably in front of 
the middle of the knuckle. The usual rule for finding these joints is to flex the distal 
rn on the proximal one to a right angle ; the position of the joint is then indicated 

y an imaginary line drawn along the middle of the lateral aspect of the proximal phalanx. 
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XI. ARTICULATIONS OF THE PHALANGES 


These are hinge joints. The ligaments are— 
Anterior. Two Lateral. 


The arrangement of these ligaments is similar to those in the metacarpo- 
ee articulations ; the Extensor tendon supplies the place of a posterior 
igament. 

Actions.—The only movements permitted in the phalangeal joints are flexion 
and extension; these movements are more extensive between the first and 
second phalanges than between the second and third. The movement of 
flexion is very considerable, but extension is limited by the anterior and lateral 
ligaments. 


ARTICULATIONS OF THE LOWER EXTREMITY 


The articulations of the Lower Extremity comprise the following : 


I. Hip. V. Tarsal. 

I. Knee. VI. Tarso-metatarsal. 
IHI. Tibia with Fibula. VII. Metatarsal. 
IV. Ankle. VIII. Metatarso-phalangeal. 


IX. Phalangeal. 


I. HIP-JOINT (fig. 373) 


This articulation is an enarthrodial, or ball-and-socket joint, formed by the 
reception of the head of the femur into the cup-shaped cavity of the acetabulum. 
The articulating surfaces are covered with cartilage, that on the head of the 
femur being thicker at the centre than at the circumference, and covering the 
entire surface with the exception of a depression just below its centre for the 
ligamentum teres ; that covering the acetabulum is much thinner at the centre 
than at the circumference. It forms an incomplete cartilaginous ring, of a 
horse-shoe shape, being deficient below, where there is a circular depression, 
which is occupied in the recent state by a mass of fat, covered by synovial 
membrane. The ligaments of the joint are, the 


Capsular. Teres. 
Tlio-femoral. Cotyloid. 
Transverse. 


The Capsular Ligament is a strong, dense, ligamentous capsule, embracing 
the margin of the acetabulum above, and surrounding the neck of the femur 
below. Its upper circumference is attached to the acetabulum, two or three lines 
external to the cotyloid ligament, above and behind ; but in front, it is attached 
to the outer margin of the ligament, and opposite to the notch where the margin 
of the cavity is deficient, it is connected to the transverse ligament, and by a 
few fibres to the edge of the obturator foramen. Its lower circumference 
surrounds the neck of the femur, being attached, in front, to the spiral or anterior 
intertrochanteric line; above, to the base of the neck; behind, to the neck of 
the bone, about half an inch above the posterior intertrochanteric line; below, 
to the lower part of the neck of the femur, close to the lesser trochanter. From 
this insertion some of the fibres are reflected upwards over the neck of the femur as 
longitudinal bands, termed retinacula. The capsule is much thicker at the upper 
and fore part of the joint, where the greatest amount of resistance is required, 
than below and internally, where it is thin, loose, and longer than in any other 
part. It consists of two sets of fibres, circular and longitudinal. The circular 
fibres (zona orbicularis) are most abundant at the lower and back part of the 
capsule, and form a sling or collar around the neck of the femur. Anteriorly 
they blend with the deep surface of the ilio-femoral ligament, and through its 
medium reach the anterior inferior spine of the ilium. The longitudinal fibres 
are greatest in amount at the upper and front part of the capsule, where they 
form distinct bands, or accessory ligaments, of which the most important is the 
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ilio-femoral. The other accessory bands are known as the pubo-femoral, passing 
from the ilio-pectineal eminence and obturator crest to the front of the capsule, 
where some of its fibres blend with the lower segment of the ilio-femoral liga- 
ment; and ischio-capsular, passing from the ischium, just below the acetabulum, 
to blend with the circular fibres at the lower part of the joint. The external 


Fic. 373.-—Left hip-joint laid open. 
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surface (fig. 358, page 370) is rough, covered by numerous muscles, and separated 
in front from the Psoas and Iliacus by a synovial bursa, which not infrequently 
communicates, by a circular aperture, with the cavity of the joint. It differs 
from the capsular ligament of the shoulder in being much less loose and lax, and 
in not being perforated for the passage of a tendon. 

The fioel Ligament (figs. 358 and 374) is a band of great strength 
which lies in front of the joint; it is intimately connected with the capsular 
ligament, and serves to strengthen it in this situation. It is attached, above, to 
the lower part of the anterior inferior spine of the ilium ; and, diverging below, 
forms two bands, of which one passes downwards to be inserted into the lower 
part of the anterior intertrochanteric line; the other passes downwards and 
outwards to be inserted into the upper part of the same line. Between the two 
bands is a thinner part of the capsule. In some joints there is no division, and 
the ligament spreads out into a flat triangular band which is attached below 
into the whole length of the anterior intertrochanteric line. This ligament is 
frequently called the Y-shaped ligament of Bigelow ; and the outer or upper of 
the two bands is sometimes described as a separate ligament, under the name 
of the ilio-trochanteric ligament. 

The Ligamentum Teres is a triangular, somewhat flattened band implanted 
by its apex into the depression a little behind and below the centre of the head 
‘of the femur, and by its broad base into the margins of the cotyloid notch, 
becoming blended with the transverse ligament. It is formed of connective 
tissue, surrounded by a tubular sheath of synovial membrane. Occasionally only 
the synovial fold exists, or the ligament may be altogether absent. The ligament 
is made tense when the hip is semiflexed, and the limb then adducted or rotated 
outwards ; it is, on the other hand, relaxed when the limb is abducted. It has, 
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however, but little influence as a ligament, though it may to a certain extent 
limit movement. 

The Cotyloid Ligament is a fibro-cartilaginous rim attached to the margin of 
the acetabulum, the cavity of which it deepens; at the same time it protects the 
edge of the bone, and fills up the inequalities on its surface. It bridges over 
the notch as the transverse ligament, and thus forms a complete circle, which 
closely surrounds the head of the femur, and assists in holding it in its place. 
It is prismoid on section, its base being attached to the margin of the acetabulum, 
and its opposite edge being free and sharp; while its two surfaces are invested 
by synovial membrane, the external one being in contact with the capsular liga- 
ment, the internal one being inclined inwards so as to narrow the acetabulum, 
and embrace the cartilaginous surface of the head of the femur. It is much 
thicker above and behind than below and in front, and consists of close compact 
fibres, which arise from different points of the circumference of the acetabulum, 
and interlace with each other at very acute angles. 


Fic. 374.—Hip-joint, showing the ilio- Frc. 375.—Vertical section through 
femoral ligament. (After Bigelow.) hip-joint. (Henle.) 









Cotyloid ligament 
Capsular gament 


a 
„dze 
"s 


a E PEF ` 
EAO YIA Ge 5 
sand. i 
“af Ay s 
E 






Lig. teres 


Obturator membrane 





The Transverse Ligament is in reality a portion of the cotyloid ligament, 
though differing from it in having no cartilage cells among its fibres. It con- 
sists of strong, flattened fibres, which cross the notch at the lower part of the 
acetabulum, and convert it into a foramen. Thus an interval is left beneath the 
ligament for the passage of nutrient vessels to the joint. 

The Synovial Membrane is very extensive. Commencing at the margin of 
the cartilaginous surface of the head of the femur, it covers all that portion of the 
neck which is contained within the joint; from the neck it is reflected on the 
internal surface of the capsular ligament, covers both surfaces of the cotyloid 
ligamept and the mass of fat contained in the depression at the bottom of the 
acetabulum, and is prolonged in the form of a tubular sheath around the liga- 
mentum teres, as far as the head of the femur. It sometimes communicates 
through a hole in the capsular ligament between the inner band of the Y-shaped 
ligament and the pubo-femoral ligament with a bursa situated on the under 
surface of the Ilio-psoas muscle. | | 

The muscles in relation with the joint are, in front, the Psoas and Iliacus, 
separated from the capsular ligament by a synovial bursa ; above, the reflected 
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head of the Rectus and Gluteus minimus, the latter being closely adherent 
to the capsule; internally, the Obturator externus and Pectineus; behind, the 
Pyriformis, Gemellus superior, Obturator internus, Gemellus inferior, Obturator 
externus, and Quadratus femoris (fig. 376). 

The arteries supplying the joint are derived from the obturator, sciatic, 
internal circumflex, and gluteal. 

The nerves are articular branches from the sacral plexus, great sciatic, 
obturator, accessory obturator, and a filament from the branch of the anterior 
crural supplying the Rectus. 

Actions.—The movements of the hip are very extensive, and consist of flexion, 
extension, adduction, abduction, cireumduction, and rotation. 

The hip-joint presents a very striking contrast to the shoulder-joint in the 
much more complete mechanical arrangements for its security and for the limita- 
tion of its movements. In the shoulder, as has been seen, the head of the 
humerus is not adapted at all in size to the glenoid cavity, and is hardly 


Fig. 376.—Relation of muscles to the capsule of the hip-joint. 
From a drawing by F. A. Barton. 





restrained in any of its ordinary movements by the capsular ligament. In t 

hip-joint, on the contrary, the head of the e is doi fitted to the lathe 
for & distance extending over nearly half a sphere, and at the margin of the bony 
cup it is still more closely embraced by the cotyloid ligament, so that the head of 
the femur is held in its place by that ligament even when the fibres of the capsule 
have been quite divided (Humphry). The ilio-femoral ligament is the strongest 
of all the ligaments in the body, and is put on the stretch by any attempt to extend 
the.femur beyond a.straight line with the trunk. That is to say, this ligament is 
the chief agent in maintaining the erect position without muscular fatigue; for a 
vertical line passing through the centre of gravity of the trunk falls behind the 
centres of rotation in the hip-joints, and therefore the pelvis tends to fall baek- 
wards, but is prevented by the tension of the ilio-femoral and capsular ligaments. 
The security of the joint may be also provided for by the two bones being directly 
united through the ligamentum teres; but it is doubtful whether this so-called 
ligament can have much influence upon the mechanism of the joint. Flexion of 
the hip-joint is arrested by the soft parts of the thigh and abdomen being brought 
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into contact, when the leg is flexed on the thigh; and by the action of the ham- 
string muscles when the leg is extended; * extension by the tension of the 
ilio-femoral ligament; adduction by the thighs coming into contact; adduction 
with flexion by the outer band of the ilio-femoral ligament, the outer part of 
the capsular ligament; abduction by the inner band of the ilio-femoral ligament 
and the pubo-iemoral band ; rotation outwards by the outer band of the ilio- 
femoral ligament; and rotation inwards by the ischio-capsular ligament and 
the hinder part of the capsule. The muscles which flex the femur on the pelvis 
are, the Psoas, Iliacus, Rectus, Sartorius, Pectineus, Adductor longus and brevis, 
and the anterior fibres of the Gluteus medius and minimus. Extension is 
mainly performed by the Gluteus maximus, assisted by the hamstring muscles. 
The thigh is adducted by the Adductor magnus, longus and brevis, the Pecti- 
neus, the Gracilis, and lower part of the Gluteus maximus, and abducted by the 
Gluteus medius and minimus, and upper part of the Gluteus maximus. The 
muscles which rotate the thigh inwards are the anterior fibres of the Gluteus 
medius, the Gluteus minimus, and the Tensor fascie femoris; while those 
which rotate it outwards are the posterior fibres of the Gluteus medius, the 
Pyriformis, Obturator externus and internus, Gemellus superior and inferior, 
Quadratus femoris, Jliacus, Gluteus maximus, the three Adductors, the Pectineus, 
and the Sartorius. 


Surface Form.—A line drawn from the anterior superior spinous process of the ilium 
to the most prominent part of the tuberosity of the ischium (Nélaton’s line) runs through 
the centre of the acetabulum, and would, therefore, indicate the level of the hip-joint ; 
or, in other words, the upper border of the great trochanter, which lies on Nélaton’s line, 
is on a level with the centre of the hip-joint. 

Surgical Anatomy.—In dislocation of the hip, ‘the head of the thigh-bone may rest at 
any point around its socket’ (Bryant); but whatever position the head ultimately assumes, 
the primary displacement is generally downwards and inwards, the capsule giving way at 
its weakest—-that is, its lower and inner—part. The situation that the head of the bone 
subsequently assumes is determined by the degree of flexion or extension, and of outward 
or inward rotation of the thigh at the moment of luxation, influenced, no doubt, by the 
ilio-femoral ligament, which is not easily ruptured. When, for instance, the head is forced 
backwards, this ligament forms a fixed axis, round which the head of the bone rotates, and 
is thus driven on to the dorsum of the ilium. The ilio-femoral ligament also influences 
the position of the thigh in the various dislocations: in the dislocations backwards it is 
tense, and produces inversion of the limb; in the dislocation on to the pubes, it is relaxed, 
and therefore allows the external rotators to evert the thigh ; while in the thyroid disloca- 
tion it is tense, and produces flexion. The muscles inserted into the upper part of the 
femur, with the exception of the Obturator internus, have very little direct influence in 
determining the position of the bone. But Bigelow has endeavoured to show that the 
Obturator internus is the principal agent in deciding whether, in the backward disloca- 
tions, the head of the bone shall be ultimately lodged on the dorsum of the ilium, or in or 
near the sciatic notch. In both dislocations the head passes, in the first instance, in the 
same direction; but, as Bigelow asserts, in the displacement on to the dorsum, the head 
of the bone travels up behind the acetabulum, in front of the muscle; while in the 
dislocation into the sciatic notch the head passes behind the muscle, and is prevented 
from reaching the dorsum, in consequence of the tendon of the muscle arching over the 
neck of the bone, and it therefore remains in the neighbourhood of the sciatic notch. 
Bigelow distinguishes these two forms of dislocation by describing them as dislocations 
backwards, ‘above and below ’ the Obturator internus. 

The ilio-femmoral ligament is rarely torn in dislocations of the hip, and this fact is taken 
advantage of by the surgeon in reducing these dislocations by manipulation. It is made 
to act as the fulerum to a lever, of which the long arm is the shaft of the femur, and the 
short arm the neck of the bone. = . 

The hip-joint is rarely the seat of acute synovitis from injury, on account of its deep 
position and its thick covering of soft parts. Acute inflammation may, and does, frequently 
occur as the result of constitutional conditions, as rheumatism, pyemia, &c. When, in 
these cases, effusion takes place, and the joint becomes distended with fluid, the swelling 
is not very easy to detect on account of the thickness of the capsule and the depth of the 
articulation. It is principally to be found on the front of the joint, just internal to the 
ilio-femoral ligament; or behind, at the lower and back part. In these two places the 
capsule is thinner than elsewhere. Disease of the hip-joint is much oftener of a chronic 
character, and is usually of tuberculous origin. It begins either in the bones or in 
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* The hip-joint cannot be completely flexed, in most persons, without at the same 
time flexing the knee, on account of the shortness of the hamstring muscles.—Cleland, 
Journ. of Anat. and Phys. No. I. Old Series, p. 87. a 
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the synovial membrane; usually in the former, and probably, in most cases, in the 
growing, highly vascular tissue in the neighbourhood of the epiphysial cartilage. In 
this respect it differs very materially from tuberculous arthritis of the knee, where the 
disease usually commences in the synovial membrane. The reasons why the disease so 
commonly begins in this situation are twofold: first, this part being the centre of rapid 
growth, its nutrition is unstable and apt to pass into inflammatory action; and, secondly, 
great strain is thrown upon it, from the frequency of falls and blows upon the hip, which 
causes crushing of the epiphysial cartilage or the cancellous tissue in its neighbourhood, 
with the results likely to follow such an injury. In addition to these, the depth of the 
joint protects it from the causes of synovitis. 

In chronic hip-disease the affected limb assumes an altered position, the cause of which 
it is important to understand. In the early stage of a typical case, the limb is flexed, 
abducted, and rotated outwards. In this position all the ligaments of the joint are relaxed : 
the front of the capsule by flexion ; the outer band of the ilio-femoral hgament by abduction ; 
and the inner band of this ligament and the back of the capsule by rotation outwards. It 
is, therefore, the position of greatest ease. The condition is not quite obvious at first, upon 
examining a patient. If the patient is laidin the supine position, the affected limb will be 
found to be extended and parallel with the other. But it will be seen that the pelvis is 
tilted downwards on the diseased side and the limb apparently longer than its fellow, and 
that the lumbar spine is arched forwards (lordosis). If now the thigh is abducted and flexed, 
the tilting downwards and the arching forwards of the pelvis disappear. The condition 
is thus explained, A limb which is flexed and abducted is obviously useless for progression. 
and, in order to overcome the difficulty, the patient depresses the affected side of his pelvis 
in order to produce parallelism of his limbs, and at the same time rotates his pelvis on its 
transverse horizontal axis, so as to direct the limb downwards, instead of forwards. In 
the later stages of the disease the limb becomes flexed and adducted and inverted. This 
position probably depends upon muscular action, at all events as regards the adduction. 
The Adductor muscles are supplied by the obturator nerve, which also largely supplies the 
joint. These muscles are therefore thrown into reflex action by the irritation of the 
peripheral terminations of this nerve in the inflamed articulation. 

Osteo-arthritis is not uncommon in the hip-joint, and is said to be more common in the 
male than in the female, in whom the knee-joint is more frequently affected. It is a 
disease of middle age or advanced life. 

Congenital dislocation is more commonly met with in the hip-joint than‘in any other 
articulation. The displacement usually takes place on to the dorsum ilii. Tt gives rise 
to extreme lordosis, and a waddling gait is noticed as soon as the child commences to walk. 

Excision of the hip may be required for disease or for injury, especially gunshot. It 
may be performed either by an anterior incision or a posterior one. The former 
entails Jess interference with important structures, especially muscles, than the posterior 
one, but permits of less efficient drainage. In these days, however, when the surgeon 
aims at securing healing of the wound without suppuration, this second desideratum is 
not of so much importance. In the operation from the front,an incision is made three 
to four inches in length, starting immediately below and external to the anterior superior 
spinous process of the ilium, downwards and inwards between the Sartorius and Tensor 
fascie femoris, to the neck of the bone, dividing the capsule at its upper part. A narrow- 
bladed saw now divides the neck of the femur, and the head of the bone is extracted with 
sequestrum forceps. All diseased tissue is carefully removed with a sharp spoon or 
scissors, and the cavity thoroughly flushed out with a hot antiseptic fluid. 

The posterior method consists in making an incision three or four inches long, com- 
mencing midway between the top of the great trochanter and the anterior superior spine, 
and ending over the shaft, just below the trochanter. The muscles are detached from the 
great trochanter, and the capsule opened freely. The head and neck are freed from the 
soft parts and the bone sawn through just below the top of the trochanter with a narrow 
saw. The head of the bone is then levered out of the acetabulum. In both operations, 
if the acetabulum is croded, it must be freely gouged. 


Il, KNEE-JOINT 


The knee-joint was formerly described as a ginglymus or hinge-joint, but is 
really of a much more complicated character. It must be By Fie as consisting 
of three articulations in one: one between each condyle of the femur and the 
corresponding semilunar cartilage and tuberosity of the tibia, which are condyloid 
joints, and one between the patella and the femur, which is partly arthrodial, 
but not completely so, since the articular surfaces are not mutually adapted to 
each other, so that the movement is not a simple gliding one. This view of 
the construction of the knee-joint receives confirmation from the study of the 
articulation in some of the lower mammals, where three synovial membranes 
are sometimes found, corresponding to these three subdivisions, either entirely 
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distinct or only connected together by small communications. This view is 
further rendered probable by the existence of the two crucial ligaments within 
the joint, which must be regarded as the external and internal lateral ligaments 
of the inner and outer joints respectively. The existence of the ligamentum 
mucosum would further mdicate a tendency to separation of the synovial cavity 
into two minor sacs, one corresponding to each joint. 

The bones entering into the formation of the knee-joint are the condyles of 
the femur above, the head of the tibia below, and the patella in front. They are 
connected together by ligaments, some of which are placed on the exterior of the 
joint, while others occupy its interior. 


External Ligaments Interior Ligaments 

Capsular. Anterior, or External Crucial. 
Anterior, or Ligamentum Posterior, or Internal Crucial. 

Patella. Two Semilunar Fibro-cartilages. 
Posterior, or Ligamentum Transverse. 

Posticum Winslowii. Coronary. 
Internal Lateral. Ligamentum mucosum i a of Syn- 
Two External Lateral. Ligamenta alaria ovial membrane. 


The Capsular Ligament consists of an exceedingly thin, but strong fibrous 
membrane which fills in the intervals left between the specially named bands, 
which are constituents of the capsule and inseparably connected with it. Unlike 
other diarthrodial joints, the capsular liga- 
ment does not form a complete investment Fig. 377.—Right knee-joint. 
for the joint, for it is deficient in front and Anterior view. 
above, beneath the tendon of the Quadriceps 
extensor. It is largely made up of expan- 
sions from the fascia lata and from the 
tendons surrounding the joint. In front, 
expansions from the Vasti muscles and 
fascia lata fill in the interval between the 
anterior and lateral ligaments, constituting 
the lateral patellar ligaments, and form the 
anterior part of the capsular ligament. 
Behind, it consists of vertical fibres which 
arise from the condyles and intercondyloid 
notch of the femur, and are augmented by 
fibres derived from the tendon of the 
Semimembranosus muscle. Here it forms 
part of the posterior ligament. On the 
outer side of the joint, a prolongation from 
the ilio-tibial band fills in the interval be- 
tween the posterior and the external lateral 
ligaments, and partly covers the latter. 
On the inner side, expansions from the 
Sartorius and Semimembranosus pass 
upwards to the internal lateral ligament 
and strengthen the capsule on the inner 
side of the joint. 

The Anterior Ligament, or Ligamentum 
Patelle (fig. 377), is the central portion 
of the common tendon of the Extensor 
muscles of the thigh, which is continued 
from the patella to the tubercle of the 
tibia, supplying the place of an anterior 
ligament. It is a strong, flat, ligamentous 
band, about three inches in length, attached, 
above, to the apex and adjoining margins of the patella and the rough depres- 
sion on its posterior surface; below, to the tubercle of the tibia; its superficial 
fibres being continuous over the front of the patella with those of the tendon 
of the Quadriceps extensor. The lateral portions of the tendon of the Extensor 


muscles pass down on either side of the patella, attached to the borders of this 
DD2 
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bone and its ligament, to be inserted into the upper extremity of the tibia on 
each side of the tubercle; externally, thesé portions merge into the capsular 
ligament, as stated above, forming the lateral patellar ligaments. The posterior 
surface of the ligamentum patelle is separated from the synovial membrane of 
the joint by a large pad (infrapatellar) of fat, and from the tibia by a synovial 
bursa. è b ae e « 
The Posterior Ligament (Ligamentum Posticum Winslowii) (fig. 378) is a 
broad, flat, fibrous band, formed of fasciculi separated from one another by 
apertures for the passage of vessels and nerves. It is attached above to the 
upper margin of the intercondyloid notch and posterior surface of the femur 
close to the articular margins of the condyles, and below to the posterior margin 
of the head of the tibia. Superficial to the main part of the ligament is a strong 
fasciculus derived from the tendon of the Semimembranosus, and passing 
from the back part of the inner tuberosity of the tibia obliquely upwards and 


Fra. 378.— Right knee-joint. Fic. 379.—Right knee-joint. 
Posterior view. Showing internal ligaments. 
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outwards to the back part of the outer condyle of the femur, where it becomes 
lost in the general ligament.* The posterior ligament forms part of the floor of 
the popliteal space, and the popliteal artery rests upon it. 

The Internal Lateral Ligament is a broad, flat, membranous band, situated 
nearer to the back than the front of the joint. It is attached, above, to the inner 
tuberosity of the femur immediately below the Adductor tubercle ; below, to the 
inner tuberosity and inner surface of the shaft of the tibia. The fibres of the 
posterior part of the ligament are short, and are inserted into the inner part of the 
tuberosity of the tibia above the groove for the Semimembranosus muscle. They 
incline backwards as they descend. The anterior part of the ligament is a 
flattened band, about four inches in length, which inclines forwards as it 
descends. It is inserted into the inner surface of the shaft of the tibia about 


* This oblique band is by some anatomists termed the Ligamentum Posticum Winslowii, 
in contradistinction to the Posterior ligament, which is regarded as part of the capsular 
ligament. 
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an inch and a half below the level of the tuberosity. It is crossed, at its 
lower part, by the tendons of the Sartorius, Gracilis, and Semitendinosus 
muscles, a synovial bursa being interposed. Its deep surface covers the anterior 
portion of the tendon of the Semimembranosus, with which it is connected by 
a few fibres, the en membrane of the joint, and the inferior internal 
articular vessels and nerve; it is intimately adherent to the internal semilunar 
fibro-eurtilage. 

The Long External Lateral Ligament is a strong, rounded fibrous cord, 
situated nearer to the back than the front of the joint. It is attached, above, to 
the back part of the outer tuberosity of the femur, immediately above the groove 
for the Popliteus muscle; below, to the outer side of the head of the fibula, in 
front of the styloid process. Its outer surface is covered by the tendon of the 
Biceps, which divides at its insertion into two parts, separated by the ligament. 
Passing beneath the ligament are the tendon of the Popliteus muscle, and the 
inferior external articular vessels and nerve. It has no attachment to the 
external semilunar fibro-cartilage. 

The Short External Lateral Ligament is an accessory bundle of fibres placed 
behind and parallel with the preceding, attached, above, to the lower and back 
part of the outer tuberosity of the femur; below, to the summit of the styloid 
process of the fibula. This ligament is intimately connected with the capsular 


Fig. 380.—Head of tibia, with semilunar fibro-cartilages. 
Seen from above. Right side. 
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ligament, while passing beneath it are the tendon of the Popliteus muscle, and 
the inferior external articular vessels and nerve. 

The Crucial are two interosseous ligaments of considerable strength, situated 
in the interior of the joint, nearer its posterior than its anterior part. They are 
called’ crucial because they cross each other somewhat like the lines of the 
letter X; and have received the names anterior and posterior, from the position 
of their attachment to the tibia. 

The Anterior or External Crucial Ligament (fig. 379) is attached to the 
depression in front of the spine of the tibia, being blended with the anterior 
extremity of the external semilunar fibro-cartilage, and passing obliquely upwards, 
backwards, and outwards, is inserted into the inner and back part of the outer 
condyle of the femur. 

The Posterior or Internal Crucial Ligament is stronger, but shorter and less 
oblique in its direction, than the anterior. It is attached to the back part of the 
depression behind the spine of the tibia, to the popliteal notch, and to the posterior 
extremity of the external semilunar fibro-cartilage ; and passes upwards, forwards, 
and inwards, to be inserted into the outer and fore part of the inner condyle of 
the femur. Itis in relation, in front, with the anterior crucial ligament; behind, 
with the capsular ligament. 

The Semilunar Fibro-cartilages (fig. 380) are two crescentic lamelle, which 
serve to deepen the surfaces of the head of the tibia, for articulation with the 
condyles of the femur. The circumferential border of each cartilage is thick, 
convex, and attached to the inside of the capsule of the knee ; the border which 
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ig directed towards the centre of the joint is thin, concave, and free. Their 
upper surfaces are concave, and in relation with the condyles of the femur ; their 
lower surfaces are flat, and rest upon the head of the tibia. Each cartilage 
covers nearly the peripheral two-thirds of the corresponding articular surface of 
the tibia ; both surfaces of the cartilages are smooth, and invested by synovial 
membrane. 

The Internal Semilunar Fibro-cartilage is nearly semicircular in form, a little 
elongated from before backwards, and broader behind than in front ; its anterior 
extremity, thin and pointed, is attached to a depression on the anterior margin 
of the head of the tibia, in front of the anterior crucial ligament; its posterior 
extremity is attached to the depression behind the spine, between the attachments 
of the external semilunar fibro-cartilage and the posterior crucial ligaments. 

The External Semilunar Fibro-cartilage forms nearly an entire circle, cover- 
ing a larger portion of the articular surface than the internal one. It is grooved 
on its outer side for the tendon of the Popliteus muscle, which separates it from 
the external lateral ligament. Its extremities, at their insertion, are interposed 
between the two extremities of the internal semilunar fibro-cartilage ; the anterior 
extremity being attached in front of the spine of the tibia to the outer side of, 
and behind, the anterior crucial ligament, with which it blends; the postetior 
extreinity being attached behind the spine of the tibia and in front of the posterior 
extremity of the internal semilunar fibro-cavtilage. Just before its insertion 
posteriorly it gives off a strong fasciculus, the ligament of Wrisberg, which passes 
obliquely upwards and inwards, to be inserted into the inner condyle of the 
femur, close to and behind the attachment of the posterior crucial ligament. 
Occasionally a small fasciculus is given off, which passes forwards to be inserted 
into the back part of the anterior crucial ligament. The external semilunar 
fibro-cartilage gives off.from its anterior convex margin a fasciculus, which 
forms the transverse ligament. 

The Transverse Ligament is a band of fibres which passes transversely from 
the anterior convex margin of the external semilunat fibro-cartilage to the 
anterior convex margin of the internal semilunar fibro-cartilage; its thickness 
varies considerably in different subjects, and it is sometimes absent altogether. 

The Coronary iasi are merely portions of the capsular ligament, which 
connect the circumference of each of the semilunar fibro-cartilages with the 
margin of the head of the tibia. 

The Synovial Membrane of the knee-joint is the largest and most extensive in 
the body. Commencing at the upper border of the patella, it forms a short cul- 
de-sac beneath the Quadriceps extensor tendon of the thigh, on the lower part of 
the front of the shaft of the femur: this very frequently communicates with a 
synovial bursa interposed between the tendon and the front of the femur, by an 
orifice of variable size. On each side of the patella, the synovial membrane 
extends beneath the aponeurosis of the Vasti muscles, and more especially 
beneath that of the Vastus internus. Below the patella it is separated from the 
anterior ligament by a considerable quantity of adipose tissue, known as the 
infrapatellar pad. In this situation it sends off a triangular prolongation, which 
extends from the anterior part of the joint below the patella, to the front of the 
intercondyloid notch. This fold has been termed the ligamentum mucosum. It 
also sends off two fringe-like folds, called the ligamenta alaria, which extend 
from the sides of the hgamentum mucosum, upwards and laterally between the 
patella and femur. On either side of the joint, it passes downwards from the 
femur, lining the capsule to its point of attachment to the semilunar cartilages ; 
it may then be traced over the upper surfaces of these cartilages to their free 
borders, and thence along their under surfaces to the tibia. At the back part of 
the external one it forms a cul-de-sac between the groove on its surface and the 
tendon of the Popliteus; it surrounds the crucial ligaments, and lines the inner 
surface of the ligaments which enclose the joint. The pouch of synovial mem- 
brane between the Extensor tendon and front of the femur is supported, during 
the movements of the knee, by a small muscle, the Subcrureus, which is inserted 
into it. 

The folds of synovial membrane and the fatty processes contained in them 
act, as ib seems, mainly as padding to fill up interspaces and obviate concussion. 
Sometimes the bursa beneath the Quadriceps extensor is completely shut off from 
the rest of ths synovial cavity, thus forming a closed sac between the Quadriceps 
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and the lower part of the front of the femur; or it may communicate with the 
synovial cavity by a minute aperture. 

The bursæ about the knee-joint are the following : 

In front there are four burs: one is interposed between the patella and the 
skin; another of small size between the upper part of the tibia and the liga- 
mentum patella; a third between the lower part of the tuberosity of the tibia 
and the skin; and a 
fourth between the an- Fic, 381.— Longitudinal section through the middle of 
terior surface of the the right knee-joint. (After Braune.) 
lower end of the femur 
and the under surface 
of the Quadriceps ex- 
tensor cruris, which 
usually communicates 
with the synovial mem- 
brane of the knee-joint. 
On the outer side there 
are four bursa: (1) one 
beneath the outer head 
of the Gastrocnemius 
(which sometimes com- 
municates with the 
joint); (2) one above 
the external lateral 
ligament, between ib 
and the tendon of the 
Biceps; (3) one be- 
neath the external late- 
ral ligament, between 
it and the tendon of 
the Popliteus (this is 
sometimes only an ex- 
pansion from the next 
bursa) ; (4) one beneath 
the tendon of the 
Popliteus, between it 
and the condyle of the 
femur, which is almost 
always an extension 
from the synovial mem- 
brane. On the inner 
side there are five 
bursa: (1) one beneath 
the inner head of the 
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of the Gastrocnemius 
and Semimembranosus. This bursa often communicates with the joint; (2) one 
above the internal lateral ligament between it and the tendons of the Sartorius, 
Gracilis, and Semitendinosus; (3) one beneath the internal lateral ligament 
between it and the tendon of the Semimembranosus (this is sometimes only an 
expansion from the next bursa); (4) one beneath the tendon of the Semi- 
membranosus, between it and the head of the tibia; (5) occasionally there is 4 
bursa between the tendons of the Semimembranosus and Semitendinosus. 

Structures around the Joint.—In front, and at the sides, the Quadriceps 
extensor: on the outer side, the tendons of the Biceps and the Popliteus and 
the external popliteal nerve ; on the inner side, the Sartorius, Gracilis, Sermi- 
tendinosus and Semimembranosus: behind, an expansion from the tendon of 
the Semimembranosus, the popliteal vessels, and the internal popliteal nerve, 
Popliteus, Plantaris, and inner and outer heads of the Gastrocnemius, some 
lymphatic glands, and fat. | 

The Arteries supplying the joint are the anastomotica magna, a branch of 
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the femoral, the articular branches of the popliteal, the anterior and posterior 
recurrent branches of the anterior tibial, and the descending branch from the 
external circumflex of the profunda. 
The Nerves are derived from the obturator, anterior crural, and external and 
internal popliteal. | 
Actions.—The knee-joint permits of movements of flexion and extension, and, 
in certain positions, of slight rotation inwards and outwards. The movement 
of flexion and extension does not, however, take place in a simple hinge-hke 
manner, as in other joints, but is a complicated movement, consisting of a certain 
amount of gliding and rotation; so that the same part of one articular surface is 
not always applied to the same part of the other articular surface, and the axis 
of motion is not a fixed one. If the joint is examined while in a condition of 
extreme flexion, the posterior part of the articular surfaces of the tibia will be 
found to be in contact with the posterior rounded extremities of the condyles of 
the femur; and if a simple hinge-like movement were to take place, the axis, 
round which the revolving movement of the tibia occurs, would be in the back 
part of the condyle. If the leg be now brought forwards into a position of semi- 
flexion, the upper surface of the tibia will be seen to glide over the condyles of 
the femur, so that the middle part of the articular facets are in contact, and the 
axis of rotation must therefore have shifted forwards to nearer the centre of the 
condyles. If the leg be now fully extended, a still further gliding takes place, 
and a further shifting forwards of the axis of rotation. This is not, however, 
a simple movement, but is accompanied by a certain amount of rotation 
outwards round a vertical axis drawn through the centre of the head of the 
tibia. This rotation is due to the greater length of the internal condyle and 
to the fact that the anterior portion of its articular surface is inclined obliquely 
outwards. In consequence of this, it will be seen that towards the close of the 
movement of extension—thatis to say, just before complete extension is effected— 
the tibia glides upwards and outwards over this oblique surface on the inner 
condyle, and the leg is therefore necessarily rotated outwards. In flexion of 
the joint the converse of these movements takes place: the tibia glides back- 
wards round the end of the femur, and at the commencement of the movement 
the tibia is directed downwards and inwards along the oblique curve of the inner 
condyle, thus causing an inward rotation to the leg. 
During fiexion and extension, the patella moves on the lower end of the 
femur, but this movement is not a simple gliding one ; for if the articular surface 
of this bone is examined, it will be found to present 
Fig. 382.—View of the on each side of the central vertical ridge two less 
posterior surface of the marked transverse ridges, which divide the surface, 
right patella. Showing except a small portion along the inner border, which 
diagrammatically the ig cut off by a slight vertical ridge, into six facets 
angge of CO ee (see fig. 382), and therefore does not present a uniform 
onitione’o! We Wee curved surface, as would be the case if a simple gliding 
p ; movement took place. These six facets—three on 
each side of the median vertical ridge—correspond to 
and denote thè parts of the bone respectively in con- 
tact with the condyles of the femur during flexion, 
semiflexion, and extension. In flexion, only the upper 
facets on the patella are in contact with the condyles 
of the femur ; the lower two-thirds of the bone rests 
upon the mass of fat which occupies the space between 
the femur and tibia. In the semiflexed position of 
the joint, the middle facets on the patella rest upon 
the most prominent portion of the condyles, and thus 
afford greater leverage to the Quadriceps by increasing 
its distance from the centre of motion. In complete extension the patella is 
drawn up so that only the lower facets are in contact with the articular surfaces 
of the condyles. The narrow strip along the inner border is in contact with 
the outer aspect of the internal condyle when the leg is fully flexed at the knee- 
joint. As in the elbow, so it is in the knee—the axis of rotation in flexion and 
extension is not precisely at right angles to the axis of the bone, but during 
flexion there is a certain amount of alteration of plane; so that, whereas in 
flexion the femur and tibia are in the same plane, in extension the one bone 
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forms an angle with the other. There is, however, this difference between the 
two extremities—that in the upper, during extension, the humeri are parallel, 
and the bones of the forearm diverge ; in the lower, the femora, converge below, 
and the tibiz are parallel. 

In addition to the slight rotation during flexion and extension, the tibia enjoys 
an independent rotation on the condyles of the femur, in certain positions of the 
joint. The movement takes place between the interarticular fibro-cartilages and 
the tibia, whereas the movement of flexion and extension takes place between 
the interarticular fibro-cartilages and the femur. Bo that the knee may be said to 
consist of two joints, separated by the fibro-cartilages : an upper (menisco-femoral), 
in which flexion and extension take place; and a lower (menisco-tibial), allowing 
of a certain amount of rotation. The latter movement can only take place in the 
semiflexed position of the limb, when all the ligaments are relaxed. 

During flexion the ligamentum patelle is put upon the stretch, as is also the 
posterior crucial ligament in extreme flexion. The other ligaments are all 
relaxed by flexion of the joint, though the relaxation of the anterior crucial 
ligament is very trifling. Flexion is only checked during life by the contact of 
the leg with the thigh. In the act of extending the leg upon the thigh the liga- 
mentum patelle is tightened by the Quadriceps extensor ; but when the leg is fully 
extended, as in the erect posture, the ligament becomes relaxed, so as to allow free 
lateral movement to the patella, which then rests on the front of the lower end of 
the femur. The other ligaments, with the exception of the posterior crucial, which 
is partly relaxed, are all on the stretch. When the limb has been brought into 
a straight line, extension is checked mainly by the tension of all the ligaments 
except the posterior crucial and ligamentum patelle. The movements of rotation, 
of which the knee is capable, are permitted in the semiflexed condition by the 
partial relaxation of both crucial ligaments, as well as the lateral ligaments. 
Rotation inwards appears to be limited by the tension of the anterior crucial liga- 
ment, and by the interlocking of the two ligaments; but rotation outwards does 
not appear to be checked by either crucial ligament, since they uncross during the 
execution of this movement, but by the lateral ligaments, especially the internal. 
The main function of the crucial ligaments is to act as a direct bond of union 
between the tibia and femur, preventing the former bone from being carried too 
far backwards or forwards. Thus the anterior crucial ligament prevents the tibia 
from being carried too far forwards by the Extensor tendons, and the posterior 
crucial checks too great movement backwards by the Flexors. They also assist 
the lateral ligaments in resisting any lateral bending of the joint. The inter- 
articular cartilages are intended, as it seems, to adapt the surface of the tibia to 
the shape of the femur to a certain extent, so as to fill up the intervals which 
would otherwise be left in the varying positions of the joint, and to interrupt 
the jars which would be so frequently transmitted up the limb in jumping or 
falis on the feet; also to permit of the two varieties of motion, flexion and 
extension, and rotation, as explained above. The patella is a great defence to 
the knee-joint from any. injury inflicted in front, and it distributes npon a large 
and tolerably even surface, during kneeling, the pressure which would otherwise 
fall upon the prominent ridges of the condyles ; it also affords leverage to the 
Quadriceps extensor muscle to act upon the tibia, and Ward has pointed out * 
how this leverage varies in the various positions of the joint, so that the action 
of the muscle produces velocity at the expense of force in the commencement 
of extension, and, on the contrary, at the close of extension tends to diminish 
velocity, and therefore the shock to the ligaments at the moment tension of 
these structures takes place. 

Extension of the leg on the thigh is performed by the Quadriceps extensor. 
Flexion by the hamstring muscles, assisted by the Gracilis and Sartorius, and, 
indirectly, by the Gastroenemius, Popliteus, and Plantaris. Rotation outwards 
by the Biceps, and rotation inwards by the Popliteus, Semitendinosus, and, to 
a slight extent, the Semimembranosus, the Sartorius, and the Gracilis, 


Surface Form.—The interval between the two bones entering into the formation of the 
knee-joint can always easily be felt. If the limb is extended, it is situated.on a slightly 
higher level than the apex of the patella; but if the limb is slightly flexed, a knife carried 
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horizontally backwards immediately below the apex of the patella would pass directly 
into the joint. When the knee is semiflexed, the internal border of the inner condyle of 
the femur, the upper border of the inner tuberosity of the tibia, and the inner margin of the 
patella form a triangular depressed area, which coincides with the level of the joint and 
with the internal semilunar fibro-cartilage. If this cartilage is displaced inwards, a gap 
will be felt in this situation. When the knee-joint is distended with fluid, the outline of 
the synovial membrane at the front of the knee may be fairly well mapped out. — 

Surgical Anatomy.—From a consideration of the construction of the knee-joint, it would 
at first sight appear to be one of the least secure of any of the joints in the body. It is 
formed between the two longest bones, and therefore the amount of leverage which can 
be brought to bear upon it is considerable; the articular surfaces are but ill adapted to 
each other, and the range and variety of motion which it enjoys are great. All these 
circumstances tend to render the articulation insecure; but, nevertheless, on account of 
the powerful ligaments which bind the bones together, the joint is one of the strongest 
in the. body, and dislocation from traumatism is a rare occurrence. When, on the other 
hand, the ligaments have been softened or destroyed by disease, partial displacement 
is liable to occur, and is frequently brought about by the mere action of the muscles 
displacing the articular surfaces from each other. The tibia may be dislocated in any 
direction from the femur—forwards, backwards, inwards, or outwards; or a combination 
of two of these dislocations may occur—that is, the tibia may be dislocated forwards and 
laterally, or backwards and laterally; and any of these dislocations may be. complete or 
incomplete. As arule, however, the antero-posterior dislocations are complete, the lateral 
ones incomplete. 

One or other of the semilunar cartilages may become displaced and nipped between 
the femur and tibia. The accident is produced by a‘twist of the leg when the knee is 
flexed, and is accompanied by a sudden pain and fixation of the knee in a flexed position. 
The cartilage may be displaced either inwards or outwards: that is to say, either inwards 
towards the tibial spine, so that the cartilage becomes lodged in the intercondyloid notch ; 
or outwards, so that the cartilage projects beyond the margin of the two articular 
surfaces. 

Acute synovitis, the result of traumatism or exposure to cold, is very common in the 
knee, on account of its superficial position. When distended with fluid, the swelling shows 
itself above and at the sides of the patella, reaching about an inch, occasionally two 
inches or more, above the trochlear surface of the femur, and extending a little higher 
under the Vastus internus than the Vastus externus. The swelling extends lower at 
the inner side of the patella than it does on its outer side. The lower level of the 
synovial membrane is just above the level of the upper part of the head of the fibula. 
In the middle line it covers the upper third of the ligamentum patella, being separated 
from it, however, by the infrapatellar of pad fat. Chronic synovitis principally shows 
itself in the form of pulpy degeneration of the synovial membrane, leading to tuberculous 
arthritis. ‘The reasons why tuberculous disease of the knee usually commences in 
the synovial membrane appear to be the complex and extensive nature of this sac; 
the extensive vascular supply to it; and the fact that injuries are generally diffused 
and applied to the front of. the joint rather than to the ends of the bones. Syphilitic 
disease not infrequently attacks the knee-joint. In the hereditary form of the disease 
it is usually symmetrical, attacking both. joints, which become filled with synovial 
effusion, and is very intractable and difficult of cure. In the tertiary form of the disease, 
gummatous infiltration of the synovial membrane may take place. The knee is one of the 
joints most commonly affected with osteo-arthritis, and is said to be more frequently the 
seat of this disease in women than in men. The occurrence of the so-called loose cartilages 
is almost confined to the knee, though they are occasionally met with in the elbow, and, 
rarely, in some other joints. Many of them occur in cases of osteo-arthritis, in which 
calcareous or cartilaginous material is formed in one of the synovial fringes and constitutes 
the foreign body, and may or may not become detached, .in the former case only meriting 
the usual term, ‘loose’ cartilage. In other cases they have their origin in the exudation 
of inflammatory lymph, and possibly, in some rare instances, a portion of the articular 
age or one of the semilunar cartilages becomes detached and constitutes the foreign 

ody. 

In inflammatory affections of the knee-joint, the position of greatest ease, and there- 
fore the one which is always assumed, is that of slight flexion. In this position there 
is the most complete relaxation of ligamentous structures, and therefore the greatest 
diminution in the tension caused by the effusion. If this flexed position is maintamed 
for any length of time, it becomes permanent from fibrous adhesions taking place, and 
the utility of the limb is materially impaired. Attention should therefore be paid by the 
surgeon to the position of the limb; and by carefully applied splints, with the leg in an 
extended position, this untoward result should be prevented. In cases of septic synovitis, 
incisions to evacuate the pus should be made vertically on either side of the patella, 
between it and the condyles of the femur: a drainage tube can then be passed across the 
joint from one side to the other. 

Genu yalgum, or knock knee, is a common deformity of childhood, in which, owing to 
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changes in and about the joint, the angle between the outer border of the tibia and femur 
is diminished, so that as the patient stands the two intcrnal condyles of the femora are m 
contact, but the two internal malleoli of the tibiæ arc more or less widely separated from 
each other. When, however, the knees are flexed to a right angle, the two legs are 
practically parallel with cach other. At the commenccment of the disease there is a 
yielding of the interna! lateral ligament and other fibrous structures on‘ the inner side of 
the joint ; as a result of this there is a constant undue pressure of the outer tuberosity 
of the tibia against the outer condyle of the femur. This extra pressure causes arrest 
of growth and, possibly, wasting of the outer condyle, and a consequent tendency for the 
tibia to become separated from the internal condyle. To prevenp this the internal condyle 
becomes depressed; probably, as was first pointed out by Mickuliez, by an increased 
growth of the lower end of the diaphysis on its immer side, so that the line of the epiphysis 
becomes oblique instead of transverse to the axis of the bone, with a direction downwards 
and inwards. 

Genn varum is a deformity in which the knecs are widely separated, the femur and 
tibia being curved outwards. In early life, the disease is duc to rickets ; in advanced life, 
it may be due to osteitis deformans. | | 

Excision of the knee-joint is most frequently required for tubcrenlous disease of this 
articulation, but is also practised in cases of disorganisation of the knec after rheumatic 
fever, pyemia, &e., in osteo-arthritis, and in old neglected infantile paralysis, when there 
is a flail-like, distorted Jimb. It is also occasionally called for in casos of injury, gunshot 
or otherwise. The operation is best performed either by a horse-shoe imeision, starting 
from one condyle, descending as low as the tubercle of the tibia, where it crosses the front 
of the Jeg, and then carricd upward to the other condyle; or by a transverse incision 
across the patella. In this latter incision the patella is cither removed or sawn across, 
and the halves subsequently sutured together. The bone having been cleared, and in 
those cases where the operation is performed for tuberculous discase, all pulpy tissue 
having been carefully removed, the section of the femur is first made. This should 
never include, in children, more than, at the most, two-thirds of the articular surface, 
otherwise the epiphysial cartilage will be involved, with disastrous results as regards 
the growth of the hmb. Afterwards a thin slice should be removed from ihe upper end 
of the tibia, not more than half an inch. If any discased tissue still appears to be left 
in the bones, it should be removed with the gouge, rather than that a further section of 
the bones should he made. 

The burse about the knec-joint arc sometimes the scat of enlargement. The 
prepate}lar bursa—i.c. the bursa between the front of the patella and the skin -~is frequently 
affected in individuals who are in the habit of constantly kneeling, and it is then known as 
‘housemaid’s knee. The bursa beneath the Scmimembranosus tendon also constantly 
becomes enlarged, and forms a fluctuating swelling at the back of the knee. During 
extension, the swelling is firm and tense ; bub during flexion it becomes soft, and, as the 
bursa often communicates with the synovial membrane, the fluid it contains, when 
enlarged, can be made to disappear by pressure when the knee is flexed. 


IJ. ARTICULATIONS BETWEEN THE TIBIA AND FIBULA 


The articulations between the tibia and fibula are affected by ligaments 
which connect both extremities, as well as the shafts of the bones. They may, 
consequently, be subdivided into three sets: 1. The Superior Tibio-fibular 
articulation. 2. The Middle Tibio-fibular ligament or interosseous membrane. 
3. The Inferior Tibio-fibular articulation. 


1. SUPERIOR TIBIO-FIBULAR ARTICULATION 


This articulation is an arthrodial joint. The contiguous surfaces of the bones 
present two flat, oval facets covered with cartilage, and connected together by 
the following ligaments : 

Capsular. e 
Anterior Superior Tibio-fibular. Posterior Superior Tibio-fibular, 


The Capsular Ligament surrounds the articulation, being attached round the 
margins of the articular facets on the tibia and fibula. and is much thicker m 
front than behind. | 

The Anterior Superior Ligament (fig. 379) consists of two or three broad 
and flat bands, which pass obliquely upwards and inwards from the front of 
the head of the fibula to the front of the outer tuberosity of the tibia. 

The Posterior Superior Ligament (fig. 375) is & single thick and broad band, 
which passes upwards and inwards from the back part of the head of the 
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fibula to the back part of the outer tuberosity of the tibia. It is covered by the 
tendon of the Popliteus muscle. , 

A Synovial Membrane lines this articulation, which at its upper and back 
part is occasionally continuous with that of the knee-joint. 


2. MIDDLE TIBIO-FIBULAR LIGAMENT OR INTEROSSEOUS MEMBRANE 


An interosseous membrane extends between the contiguous margins of the 
tibia and fibula, and separates the muscles on the front from those on the back 
of the leg. It consists of a thin, aponeurotic lamina composed of oblique fibres, 
which for the most part pass downwards and outwards between the interosseous 
ridges on the two bones ; some few fibres, however, pass in the opposite direc- 
tion, downwards and inwards. It is broader above than below. Its upper 
margin does not quite reach the superior tibio-fibular joint, but presents a free 
concave border, above which is a large, oval aperture for the passage of the 
anterior tibial vessels forwards to the anterior aspect of the leg. At its lower part 
is an opening for the passage of the anterior peroneal vessels. It is continuous 
below with the inferior interosseous ligament; and is perforated in numerous 
parts for the passage of small vessels. It is in relation, in front, with the Tibialis 
anticus, Extensor longus digitorum, Extensor proprius hallucis, Peroneus tertius, 
and the anterior tibial vessels and nerve ; behind, with the Tibialis posticus and 
Flexor longus hallucis. 


3. INFERIOR TIBIO-FIBULAR ARTICULATION 


This articulation is formed by the rough, convex surface of the inner side of 
the lower end of the fibula, connected with a concave rough surface on the outer 
side of the tibia. Below, to the extent of about two lines, these surfaces are 
smooth, and covered with cartilage, which is continuous with that of the ankle- 
joint. The ligaments of this joint are— 


Anterior Inferior Tibio-fibular. Transverse or Inferior. 
Posterior Inferior Tibio-fibular. Inferior Interosseous. 


The Anterior. Inferior Ligament (fig. 334) is a flat, triangular band of fibres, 
broader below than above, which extends obliquely downwards and outwards 
between the adjacent margins of the tibia and fibula, on the front aspect of the 
articulation. Itis in relation, in front, with the Peroneus tertius, the aponeurosis 
of the leg, and the integument; behind, with the inferior interosseous ligament ; 
and lies in contact with the cartilage covering the astragalus. 

The Posterior Inferior Ligament, smaller than the preceding, is disposed in 
a similar manner on the posterior surface of the articulation. 

The Transverse or Inferior Ligament lies under cover of the posterior liga- 
ment, and is a strong, thick band of yellowish fibres which passes transversely 
across the back of the joint, from the external malleolus to the posterior border 
of the articular surface of the tibia, almost as far as its malleolar process. 
This ligament projects below the margin of the bones,’and forms part of the 
articulating surface for the astragalus. 

The Inferior Interosseous Ligament consists of numerous short, strong, 
fibrous bands, which pass between the contiguous rough surfaces of the tibia 
and fibula, and constitute the chief bond of union between the bones. This 
ligament is continuous, above, with the interosseous membrane. 

The Synovial Membrane lining the articular surface is derived from that 
of the ankle-joint. 

Actions.—The movement permitted in these articulations is limited to a very 
slight gliding of the articular surfaces one upon another. 


IV. ANKLE-JOINT 


_ The Ankle is a ginglymus, or hinge-joint. The bones entering into its forma- 
tion are the lower extremity of the tibia and its malleolus, and the external 
malleolus of the fibula, which form a mortise to receive the upper convex surface 
of the astragalus and its two lateral facets. The bony surfaces are covered with 
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cartilage, and connected by a capsule, which in places forms thickened bands 
constituting the following ligaments : 


. Capsular. 
Anterior. Internal Lateral. 
Posterior. External Lateral. 


The Capsular Ligament is an imperfect ligamentous structure which surrounds 
the joint, and is attached, above, to the borders of the articular surface of the 
tibia; and below, to the astragalus around its upper articular surface. The 
parts of which it is composed vary considerably in strength, and are described 
under separate names as distinct ligaments. These are: 

The Anterior Ligament (fig. 383), which is a broad, thin, membranous layer, 
attached, above, to the anterlor margin of the lower extremity of the tibia; 
below, to the margin of the astragalus, in front of its articular surface, It is in 
relation, in front, with the Extensor tendons of the toes, with the tendons of 
the Tibialis anticus and Peroneus teriius, and the anterior tibial vessels and 
nerve ; behind, it lies in contact with the synovial membrane. 


Fre. 383.—Ankle-joint : tarsal and tarso-metatarsal articulations. 
Internal view. Right side. 





Tarso-metatarsal i 
articulations \ FZ 


The Posterior Ligament is very thin, and consists principally of transverse 
fibres. It is attached, above, to the margin of the articular surface of the tibia, 
blending with the transverse tibio-fibular ligament; below, to the astragalus 
behind its superior articular facet. Externally, where a somewhat thickened 
band of transverse fibres is attached to the hollow on the inner surface of the 
external malleolus, it is thicker than internally. 

The Internal Lateral or Deltoid Ligament is a strong, flat, triangular band, 
attached, above, to the apex and anterior and posterior borders of the inner 
malleolus. The most anterior fibres pass forwards to be inserted into the 
navicular bone and the inner margin of the inferior caleaneo-navicular liga- 
ment: the middle descend almost perpendicularly to be inserted into the 
sustentaculum tali of the os calcis; and the posterior fibres pass backwards 
and outwards to be attached to the inner side of the astragalus. This ligament 
is sometimes described as consisting of five parts, viz.: anterior astragalo-tibial, 
posterior astragalo-tibial, tibio-navicular, calcaneo-tibial, and deep astragalo- 
tibial, They are only, however, differentiated bands of the one ligament made 
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in tho process of dissection. This ligament is covered by the tendons of the 
Tibialis posticus and Flexor longus digitorum muscles. 

The External Lateral Ligament (fig. 384) consists of three distinctly specialised 
fasciculi of the capsule, taking different directions, and separated by distinct 
intervals, for which reason it is described by some anatomists as three distinct 
ligaments.* 

The anterior fasciculus (anterior astragalo-fibular), the shortest. of the three, 
passes from the anterior margin of the external malleolus, forwards and inwards, 
to the astragalus, in front of its external articular facet. 

The posterior fasciculus (posterior astragalo-fibular), the strongest and most 
deeply seated, passes inwards from the depression at the inner and back part of 
the external malleolus to a prominent tubercle on the posterior surface of the 
astragalus. Its fibres are almost horizontal in direction. 

The middle fasciculus (calcaneo-fibular), the longest of the three, is a narrow, 
rounded cord, passing from the apex of the external malleolus downwards and 


Fig. 384.—Ankle-joint : tarsal and tarso-imetatarsal articulations. 
External view. Right side. 
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slightly backwards to a tubercle on the outer surface of the os calcis. It is 
covered by the tendons of the Peroneus longus and brevis. 

The Synovial Membrane invests the inner surface of the ligaments, and sends 
a duplicature upwards between the lower extremities of the tibia and fibula for a 
short distance. 

Relations.—-The tendons, vessels, and nerves in connection with the joint are, 
in front, from within outwards, the Tibialis anticus, Extensor proprius hallucis. 
anterior tibial vessels, anterior tibial nerve, Extensor longus digitorum, and 
Peroneus tertius; behind, from within outwards, the Tibialis posticus, Flexor 
longus digitorum, posterior tibial vessels, posterior tibial nerve, Flexor longus 
hallucis ; and, in the groove behind the external malleolus, the tendons of the 
Peroneus longus and brevis. 

The Arteries supplying the joint are derived from the malleolar branches of 
the anterior tibial and the peroneal. 

The Nerves are derived from the anterior and posterior tibial. 

Actions.—It must be borne tn mind that when the body is in the erect 
position, the foot is at right angles to the leg, and therefore the normal position 
of the ankle-joint is one of flexion. The movements of the joint are those of 


* Hurophry On the Skeleton, p. 559. 
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dorsiflexion and extension. Dorsiflexion consists in the approximati 3 

dorsum of the foot to the front of the leg, while in ae die neal Gs = 
up and the toes pointed downwards. The malleoli tightly embrace the astragalus 
in all positions of the joint, so that any slight degree of lateral movement which 
may exist is simply due to stretching of the inferior tibio-fibular ligaments and 
slight bending of the shaft of the fibula. Of the ligaments, the internal, or 
deltoid, is of very great power --so much so, that it usually resists a force which 
fractures the process of bone to which itis attached. Its middle portion, together 
with the middle fasciculus of the external lateral ligament, binds the bones of 
the leg firmly to the foot, and resists displacement in every direction. I ts 
anterior and posterior fibres limit extension and flexion of the lt respectively 
and the anterior fibres also limit abduction. The posterior portion of the 
external lateral ligament assists the middle portion in resisting the displacement 
of the foot backwards, and deepens the cavity for the reception of the astragalus. 
The anterior fasciculus is a security against the displacement of the foot 
forwards, and limits extension of the joint. The movements of inversion and 
eversion of the foot, together with the minute changes in form by which it is 
applied to the ground or takes hold of an object in climbing, &c., are mainly 


Fig. 385.—Scction of the right foot near its inner border, dividing the tibia, astragalus, 
navicular, internal cuneiform, and first metatarsal bone, and the first phalanx of the 
great toe. (After Braune.) | 
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effected in the tarsal joints; the one which enjoys the greatest amount of motion 
being that between the astragalus and os calcis behind, and the navicular and 
cuboid in front. This is often called the transverse or medio-tarsal joint, and it 
can, with the subordinate joints of the tarsus, replace the ankle-joint in a great 
measure when the latter has become ankylosed. 

Extension of the foot upon the tibia and fibula is produced by the Gastro- 
cnemius, Soleus, Plantaris, Tibialis posticus, Peroneus longus and brevis, Flexor 
longus digitorum, and Flexor longus hallucis. Dorsiflexion, by the Tibialis 
anticus, Peroneus tertius, Extensor longus digitorum, and Extensor proprius 
hallucis.* Inversion, in the extended position, is produced by the Tibialis anticus 
and posticus; and eversion by the Peronei. 


Surface Form.—'The line of the ankle-joint may be indicated by a transverse line drawn 
across the front of the lower part of the leg, about half an inch above the level of the tip 
of the internal malleolus. It can be felt on either side of the Extensor tendons ; and during 
extension of the foot, the superior saddle-shaped facet of the astragalus can be plainly 
perceived below the anterior border of the lower end of the tibia. 

Surgical Anatomy.—As the ankle-joint is a very strong and powerful articulation, dis- 
placement of the trochlear surface of the astragalus from the tibio-fibular mortise is not of 
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* The student must bear in mind that the Extensor longus digitorum and Extensor 

proprius hallucis are extensors of the toes, but flexors of the ankle ; and that the Flexor 

— longus digitorum and Flexor longus hallucis are flexors of the toes, but extensors of the 
ankle. 
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common occurrence, and great force is required to produce it. Nevertheless, dislocation 
does occasionally occur, both in an antero-posterior and a lateral direction. In the latter, 
which is the more common, fracture is a necessary accompaniment of the injury. The 
dislocation in these cases is somewhat peculiar, and is not a displacement in a horizontally 
lateral direction, such as usually occurs in lateral dislocations of ginglymoid joints, 
but the astragalus undergoes a partial rotation round an antero-posterior axis ‘drawn 
through its own centre, so that the superior surface, instead of being directed upwards, is 
inclined more or less inwards or outwards according to the variety of the displacement. 

The ankle-joint is more frequently sprained than any joint in the body, and this may 
lead to acute synovitis. In these cases, when the synovial sac is distended with fluid, the 
bulging appears principally in the front of the joint, beneath the anterior tendons, and on 
either side, between the Tibialis anticus and the internal lateral ligament on the inner 
side, and between the Peroneus tertius and the external lateral ligament on the outer 
side. In addition to this, bulging often occurs posteriorly, and a fluctuating swelling may 
be detected on either side of the tendo Achillis. 

Chronic synovitis may result from constant sprains, and when once this joint has been 
sprained it is more liable to a recurrence of the injury than it was before ; or the synovitis 
may be tuberculous in its origin, the disease usually commencing in the astragalus and 
extending to the joint, though it may commence as a synovitis the result probably of 
some slight strain in a tuberculous subject. 

Excision of the ankle-joint is not often performed, for two reasons. In the first place, 
disease of the articulation for which this operation is indicated is frequently associated with 
disease of the tarsal bones, which prevents its performance ; and, secondly, the foot after 
excision is often of very little use; far less, in fact, than after a Symes’s amputation, 
which is, therefore, a preferable operation in these cases. Excision, may, however, be 
attempted in cases of tuberculous arthritis, in a young and otherwise healthy subject, where 
the disease is limited to the bones forming the joint. It may also be required after injury, 
where the vessels and nerves have not been damaged and the patient 1s young and free 
from visceral disease. The excision is best performed by two lateral incisions. One com- 
mencing two and a half inches above the external malleolus, carried down the posterior 
border of the fibula, round the end of this bone, and then forwards and downwards as far 
as the calcaneo-cuboid joint, midway between the tip of the external malleolus and the 
tuberosity on the fifth metatarsal bone. Through this incision the fibula is cleared, the 
external lateral ligament is divided, and the bone sawn through about half an inch above the 
level of the ankle-joint and removed. A similar curved incision is now made on the inner 
side of the foot, commencing two and a half inches above the lower end of the tibia, 
carried down the posterior border of the bone, round the internal malleolus and forwards 
and downwards to the tuberosity of the navicular bone. Through this incision the tibia is 
cleared in front and behind, the internal lateral, the anterior and posterior ligaments divided, 
and the end of the tibia protruded through the wound by displacing the foot outwards, and 
sawn off sufficiently high to secure a healthy section of bone. The articular surface of the 
astragalus is now to be sawn off or the whole bone removed. In cases where the operation 
is performed for tuberculous arthritis, the latter course is probably preferable, as the injury 
done by the saw is frequently the starting point of fresh caries; and after removal of the 
whole bone the shortening is not appreciably increased, and the result as regards union 
appears to be as good as when two sawn surfaces of bone are brought into apposition. 


V. ARTICULATIONS OF THE TARSUS 


1, ARTICULATIONS OF THE Os CALCIS AND ASTRAGALUS 


The articulations between the os calcis and astragalus are two in number— 
anterior and posterior. Of these, the anterior forms part of the joint between the 
os calcis, astragalus, and navicular bone, and will be described hereafter as the 
astragalo-calcaneo-navicular articulation. The posterior or astragalo-calcanean 
articulation is formed between the posterior and larger facet on the inferior 
surface of the astragalus, and the external facet on the superior surface of the os 
calcis. It is an arthrodial joint, and the two bones are connected together by 
the following ligaments : 


Capsular. Posterior Calcaneo-astragaloid. 
External Caleaneo-astragaloid. Anterior Calcaneo-astragaloid. 
Internal Calcaneo-astragaloid. Interosseous. 


The Capsular Ligament surrounds the two articular surfaces, and consists for 
the most part of short fibres, which are split up into distinct slips, which form the 
specially named ligaments of the articulation ; between them there is only a weak 
fibrous investment. 
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The External Caleaneo-astragaloid Ligament (fig. 384) is a short, strong 
fasciculus, passing from the outer surface of the astragalus, immediately beneath 
‘its external malleolar facet, to the outer surface of the os calcis. It is placed in 

front of the middle fasciculus of the external lateral ligament of the ankle-joint, 
with the fibres of which it is parallel. 

The Internal Calcaneo-astragaloid Ligament is a band of fibres connecting the 
internal tubercle of the back of the astragalus with the back of the sustentaculum 
tali. Its fibres blend with those of the inferior calcaneo-navicular ligament. 

The Posterior Calcaneo-astragaloid Ligament (fig. 383) connects the external 
tubercle of the astragalus with the upper and inner part of the os calcis; it is 
a Short band, the fibres of which radiate from their narrow attachment to the 
astragalus. 

The Anterior Calcaneo-astragaloid Ligament extends from the front and outer 
surface cf the neck of the astragalus to the superior surface of the os calcis. It 
forms the posterior boundary of the anterior calcaneo-astragaloid joint, and is 
sometimes described as the anterior interosseous ligament. 

The Interosseous Ligament forms the chief bond of union between the bones. 
It is, in fact, the united capsular ligaments of the two joints mentioned above, 
the astragalo-caleaneo-navicular and the astragalo-calcanean, and consists of two 
partially united layers of fibres, one belonging to the anterior and the other to 
the posterior joint. Itis attached by one extremity to the groove between the 
articulating facets on the under surface of the astragalus; by the other, to a 
corresponding depression on the upper surface of the os calcis. It is very thick 
and strong, being at least an inch in breadth from side to side, and serves to 
unite the os calcis and astragalus solidly together. 

The Synovial Membrane (fig. 387) lines the capsule of the joint, and is distinet 
from the other synovial membranes of the tarsus. 

Actions.—The movements permitted between the astragalus and os calcis 
are limited to a gliding of the one bone on the other in a direction from before 
backwards, and from side to side. 


2, ARTICULATION OF THE ASTRAGALUS WITH THE Os CALCIS AND 
NAVICULAR BONE 


The articulation between the astragalus and navicular is an arthrodia] joint: 
the rounded head of the astragalus being received into the concavity formed by 
the posterior surface of the navicular, the anterior articulating surface of the 
calcaneum, and the upper surface of the inferior caleaneo-navicular ligament, 
which are all directly.continuous with each other. There are two ligaments in 
this joint: 

Capsular. Superior Astragalo-navicular. 


The Capsular Ligament consists of an imperfectly developed layer of fibres, 
except posteriorly, where they become greatly increased, and form, with & part 
of the capsule of the astragalo-calcanean joint, the strong interosseous ligament 
which fills in the canal formed by the opposing grooves on the os calcis and 
astragalus, as above mentioned. A À l 

The Superior Astragalo-navicular Ligament is a broad band, which passes 
obliquely forwards from the neck of the astragalus to the superior surface of the 
navicular bone. [Itis thin, and weak in texture, and covered by the Extensor 
tendons. The inferior calcaneo-navicular supplies the place of an inferior ligament. 

The Synovial Membrane lines all parts of the capsule of the joint. — 

Actions.—This articulation permits of considerable mobility; but its feeble- 
ness is such as to allow occasionally of dislocation of the other bones of the 
tarsus from the astragalus. 


3. ARTICULATIONS OF THE Os CALCIS WITH THE CuBOID 
The ligaments connecting the os calcis with the cuboid are five in number : 


Capsular ' 

(Superior Calcaneo-cuboid. 

(Internal Calcaneo-ouboid (Interosseous).° 
(Long Calcaneo-cuboid. 

(Short Calcaneo-cuboid. 


Dorsal 


Plantar 
EB 
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The Capsular Ligament is an imperfectly developed layer, in which are certain 
strengthened bands, which form the other named ligaments of the joint. 

The Superior or Dorsal Calcaneo-cuboid Ligament (fig. 384) is a thin but broad 
fasciculus, which passes between the contiguous surfaces of the os calcis and 
cuboid, on the dorsal surface of the joint. 

The Internal Calcaneo-cuboid (Interosseous) Ligament (fig. 384) is a short, 
but thick and strong, band of fibres, arising from the os calcis, in the deep hollow 
which intervenes between it and the astragalus, and closely blended, at its origin, 
with the superior caleaneo-navicular ligament, so as to form with it a V-shaped 
structure. Jt is inserted into the inner side of the cuboid bone. This ligament 
forms one of the chief bonds of union between the first and second rows of the 
tarsus. 

The Long Caleaneo-cuboid (Long Plantar) Ligament (fig. 386), the more super- 
ficial of the two plantar ligaments, is the longest of all the ligaments of the 

tarsus: it is attached to the under surface 
Fic. 386.—Ligaments of plantar surface of the os calcis, from near the tuberosities 
of the foot. to the anterior tubercle; its fibres pass 
forwards to be attached to the ridge on 
the under surface of the cuboid bone, the 
more superficial fibres being continued 
onwards to the bases of the second, third, 
and fourth metatarsal bones. This liga- 
ment crosses the groove on the under 
surface of the cuboid bone, converting it 
into a canal for the passage of the tendon 
of the Peroneus longus. 
= The Short Calcaneo- cuboid (Short 
Plantar) Ligament lies nearer to the 
bones than the preceding, from which it 
is separated by a little areolar tissue. It 
is exceedingly broad, about an inch in 
length, and extends from the tubercle, 
and the depression in front of it, on the 
fore part of the under surface of the os 
calcis, to the inferior surface of the cuboid 
bone behind the peroneal groove. 

Synovial Membrane.— The synovial 
membrane in this joint is distinct. It 
lines the inner surface of the ligaments. 

Actions.—The movements permitted 
between the os calcis and cuboid are 
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that in the other tarsal joints, and con- 
sists of a sort of rotation by means of 


The transverse tarsal or medio-tarsal 
| \ joint is formed by the articulation of the 
Pith 
‘ny l 

BR, : , 
leta nai navicular. The movement which takes 
place in this joint is more extensive than 
which the sole of the foot may be slightly flexed and extended or carried inwards 
(inverted) and outwards (everted). 


4. Tuu LIGAMENTS CONNECTING THE Os CALCIS AND NAVICULAR 


Though these two bones do not directly articulate, they are connected by two 
ligaments : 
Superior or External Calcaneo-naviculay. 
Inferior or Internal Calecaneo-naviculavr. 


The Superior or External Calcaneo-navicular (fig. 384) arises, as already 
mentioned, with the internal caleaneo-cuboid in the deep hollow between the 


LIGAMENTS CONNECTING OS CALCIS AND NAYICULAR 419 


astragalus and os calcis; it passes forwards from the upper surface of the 
anterior extremity of the os calcis to the outer side of the navicular bone. 
These two ligaments resemble the letter Y, being blended together behind, but 
separated in front. | 

The Inferior or Internal Calcaneo-navicular (fig. 386) is by far the larger and 
stronger of the two ligaments between these bones ; it is a broad and thick band 
of fibres, which passes forwards and inwards from the anterior margin of the 
sustentaculum tali of the os calcis to the under surface of the navicular bone. 
This ligament not only serves to connect the os calcis and navicular, but supports 
the head of the astragalus, forming part of the articular cavity in which it is 
received. The wpper surface presents a fibro-cartilaginous facet, lined by the 
synovial membrane continued from the anterior calcaneo-astragaloid articulation, 
upon which a portion of the head of the astragalus rests. Its under surface is in 
contact with the tendon of the Tibialis posticus muscle ;* its inner border is 
blended with the fore part of the Deltoid ligament, thus completing the socket 
for the head of the astragalus. 


Surgical Anatomy.—The inferior calcaneo-navicular ligament, by supporting the head 
of the astragalus, is principally concerned in maintaining the arch of the foot, and, when 
it yields, the head of the astragalus is pressed downwards, inwards, and forwards by the 
weight of the body, and the foot becomes flattened, expanded, and turned outwards, con- 
stituting the disease known as flat-foot. This ligament contains a considerable amount 
of elastic fibres, so as to give elasticity to the arch and spring to the foot; henco it is 
sometimes called the ‘spring’ ligament. It is supported, on its under surface, by the 
tendon of the Tibialis posticus, which spreads out at its insertion into a number of 
fasciculi, which are attached to most of the tarsal and metatarsal bones; this prevents 
undue stretching of the ligament, and is a protection against the occurrence of flat-foot. 


5. THe ARTICULATION OF THE NAVICULAR WITH THE CUNEIFORM BONES 


The navicular is connected to the three cuneiform bones by 
Dorsal and Plantar ligaments. 


The Dorsal Ligaments are small, longitudinal bands, arranged as three 
bundles, one to each of the cuneiform bones. That bundle of fibres which con- 
nects the navicular with the internal cuneiform is continuous round the inner 
side of the articulation with the plantar ligament which connects these two bones. 

The Plantar Ligaments have a similar arrangement to those on the dorsum. 
They are strengthened by processes given off by the tendon of the Tibiatis 

osticus. 
s The Synovial Membrane of these joints is part of the great tarsal synovial 
membrane. l 

Actions.—The movements permitted between the navicular and cuneiform 

bones are limited to a slight gliding upon each other. 


6. THE ARTICULATION OF THE NAVICULAR WITH THE CUBOID 


The nayicular bone is connected with the cuboid by 
Dorsal, Plantar, and Interosseous ligaments. 


The Dorsal Ligament passes obliquely forwards and outwards from the 
navicular to the cuboid bone. 

The Plantar Ligament passes nearly transversely between these two bones. 

The Interosseous Ligament consists of strong transverse fibres which pass 
between the rough non-articular portions of the lateral surfaces of these two 
bones. 

The Synovial Membrane of this joint is part of the great tarsal synovial 
membrane. i ; 

Actions.—The movements permitted between the navicular and cuboid bones 


are limited to a slight gliding upon each other. 


* Hancock describes an extension of this ligament upwards on the inner side of 
the foot, which completes the socket of the joint in that direction. Lancet, 1866, vol. 1, 


P. 618, E E ‘ 
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7, THe ARTICULATION OF THE CUNEIFORM BONES WITH EACH OTHER 


These bones are connected together by 
Dorsal, Plantar, and Interosseous ligaments. 


The Dorsal Ligaments consist of two bands which pass transversely: one 
connecting the internal with the middle cuneiform, and the other connecting the 
middle with the external cuneiform. 

The Plantar Ligaments have a similar arrangement to those on the dorsum. 
They are strengthened by the processes given off from the tendon of the Tibialis 

osticus. 
The Interosseous Ligaments consist of strong transverse fibres which pass 
between the rough non-articular portions of the lateral surfaces of the adjacent 
cuneiform bones. 

The Synovial Membrane of these joints is part of the great tarsal synovial 
membrane. 

Actions.—The movements permitted between the cuneiform bones are limited 
to a slight gliding upon each other. 


8. THE ARTICULATION OF THE EXTERNAL CUNEIFORM BONE 
WITH THE CUBOID 


These bones are connected together by 
Dorsal, Plantar, and Interosseous ligaments. 


The Dorsal Ligament passes transversely between these two bones. 

The Plantar Ligament has a similar arrangement. It is strengthened by a 
process given off from the tendon of the Tibialis posticus. 

The Interosseous Ligament consists of strong transverse fibres which pass 
between the rough non-articular portions of the lateral surfaces of the adjacent 
sides of these two bones. 

The Synovial Membrane of this joint is part of the great tarsal synovial 
membrane. 

Actions,—-The movements permitted between the external cuneiform and 
cuboid are limited to a slight gliding upon each other. 

Nerve-supply.— All the joints of the tarsus are supplied by the anterior tibial 
nerve. 


Surgical Anatomy.—In spite of the great strength of the ligaments which connect the 
tarsal bones together, dislocation at some of the tarsal joints does occasionally occur; 
though, on account of the spongy character of the bones, they are more frequently broken 
than dislocated, as the result of violence. When dislocation does take place, it is most 
commonly in connection with the astragalus; for not only may this bone be dislocated 
from the tibia and fibula at the ankle-joint, but the other bones may be dislocated from it, 
the trochlear surface of the bone remaining in situ in the tibio-fibular mortise. This 
constitutes what is known as the sub-astragaloid dislocation. Or, again, the astragalus 
may be dislocated from all its connections—from the tibia and fibula above, the os ecaleis 
below, and the navicular in front—and may even undergo a rotation, on either a vertical or 
a horizontal axis. In the former case the long axis of the bone becoming directed across 
the joint, so that the head faces the articular surface on one or other malleolus ; or, in the 
latter, the lateral surfaces becoming directed upwards and downwards, so that the trochlear 
surface faces to one or the other side. Finally, dislocation may occur at the medio- 
tarsal joint, the anterior tarsal bones being luxated from the astragalus and calcaneum. 
The oa tarsal bones are also, occasionally, though rarely, dislocated from their 
connections. 


VI. TARSO-METATARSAL ARTICULATIONS 


These are arthrodial joints. The bones entering into their formation are 
four tarsal bones, viz. the internal, middle and external cuneiform, and the 
cuboid, which articulate with the bases of the metatarsal bones of the five toes. 
The metatarsal bone of the great toe articulates with the internal cuneiform; 
that of the second is deeply wedged in between the internal and external 
cuneiform, resting against the middle cuneiform, and being the most strongly 
articulated of all the metatarsal bones; the third metatarsal articulates with the 
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extremity of the external cuneiform ; the fourth, with the cuboid and external 
cuneiform ; and the fifth, with the cuboid. The articular surfaces are covered 
with cartilage and connected together by the following ligaments : 


Dorsal. Plantar. Interosseous. 


The Dorsal Ligaments consist of strong, flat bands, which connect the 
tarsal with the metatarsal bones. The first .metatarsal is connected to the 
internal cuneiform by a single broad, thin band; the second has three dorsal 
ligaments, one from each cuneiform bone; the third has one from the external 
cuneiform; the fourth has two, one from the external cuneiform and one from 
the cuboid ; and the fifth, one from the cuboid. 

The Plantar Ligaments consist of longitudinal and oblique bands connecting 
the tarsal and metatarsal bones, but disposed with less regularity than on the 
dorsal surface. Those for the first and second metatarsal are the most strongly 
marked ; the second and third metatarsal receive strong bands, which pass 
obliquely across from the internal cuneiform; the plantar ligaments of the 
fourth and fifth metatarsal consist of a few scanty fibres derived from the cuboid. 

The Interosseous Ligaments are three in number: internal, middle, and 
external. The internal one is the strongest of the three, and passes from the 
outer surface of the internal cuneiform to the adjacent angle of the second 
metatarsal. The middle one, less strong than the preceding, connects the 
external cuneiform with the adjacent angle of the second metatarsal. The 
external interosseous ligament connects the outer angle of the external cuneiform 
with the adjacent side of the third metatarsal. 

The Synovial Membrane between the internal cuneiform bone and the first 
metatarsal bone is a distinct sac. The synovial membrane between the middle 
and external cuneiform behind, and the second and third metatarsal hones in 
front, is part of the great tarsal synovial membrane. Two prolongations are 
sent forwards from it, one between the adjacent sides of the second and third 
metatarsal bones, and one between the third and fourth metatarsal bones. The 
synovial membrane between the cuboid and the fourth and fifth metatarsal bones 
is a distinct sac. From it a prolongation is sent forwards between the fourth 
and fifth metatarsal bones. 

Actions,—The movements permitted between the tarsal and metatarsal bones 
are limited to a slight gliding upon each other. 


VII. ARTICULATIONS OF THE METATARSAL BONES WITH EACH OTHER 


The base of the first metatarsal bone is not connected with the second 
metatarsal bone by any ligaments ; in this respect it resembles the thumb. 

The bases of the four outer metatarsal bones are connected by dorsal, plantar, 
and interosseous ligaments. 

The Dorsal Ligaments pass transversely between the adjacent metatarsal 
bones. 

The Plantar Ligaments have a similar arrangement to those on the dorsum. 

The Interosseous Ligaments consist of strong transverse fibres which pass 
between the rough non-articular portions of the lateral surfaces. 

The Synovial Membrane between the second and third, and the third and 
fourth, metatarsal bones is part of the great tarsal synovial membrane. 

The synovial membrane between the fourth and fifth metatarsal bones is a 
prolongation of the synovial membrane of the cubo-meiatarsal joint, 

Actions.—The movement permitted in the tarsal ends of the metatarsal bones 
is limited to a slight gliding of the articular surfaces upon one another. 


THE SYNOVIAL MEMBRANES IN THE TARSAL AND METATARSAL JOINTS 


The Synovial Membranes (fig. 387) found in the articulations of the tarsus 
and metatarsus are six in number: one for the posterior calcaneo-astragaloid 
articulation: a second for the anterior calcaneo-astragaloid and astragalo-navicular 
articulations; a third for the caleaneo-cuboid articulation ; and a fourth for the 
articulations of the navicular with the three cuneiforms, the three cuneiforms with 
each other, the external cuneiform with the cuboid, and the middle and external 
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cuneiforms with the bases of the second and third metatarsal bones, and the 
lateral surfaces of the second, third, and fourth metatarsal bones with each other ; 
a fifth for the internal cuneiform with the metatarsal bone of the great toe; and 


Fig. 387,—Oblique section of the articulations of the tarsus and metatarsus. 
Showing the six synovial membranes. 
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a sixth for the articulation of the cuboid with the fourth and fifth metatarsal 
bones. A small synovial membrane is sometimes found between the contiguous 
surfaces of the navicular and cuboid bones. 

Nerve-supply.—The nerves supplying the tarso-metatarsal joints are derived 
from the anterior tibial. 

The digital extremities of all the metatarsal bones are connected together by 
the transverse metatarsal ligament. 

The Transverse Metatarsal Ligament is a narrow band which passes trans- 
versely across the anterior extremities of all the metatarsal bones, connecting 
them together. It is blended anteriorly with the plantar (glenoid) ligament 
of the metatarso-phalangeal articulations. To its posterior border is connected 
the fascia covering the Interossei muscles. Its inferior surface is concave where 
the Flexor tendons pass over it. Above it the tendons of the Interossei muscles 
pass to their insertion. It differs from the transverse metacarpal ligament in that 


t connects the metatarsal bone of the great toe with the rest of the metatarsal 
ones. 


VIII. METATARSO-PHALANGEAL ARTICULATIONS 


The metatarso-phalangeal articulations are of the condyloid kind, formed by 
the reception of the rounded head of the metatarsal bone into a superficial cavity 
in the extremity. of the first phalanx. 

The ligaments are— 


Plantar. Two Lateral. 


The Plantar Ligaments (Glenoid ligaments of Cruveilhier) are thick, dense, 
fibrous structures. Each is placed on the plantar surface of the joint in the 
interval between the lateral ligaments, to which they are connected ; they are 
loosely united to the metatarsal bones, but very firmly to the bases of the first 
phalanges. Their plantar surface is intimately blended with the transverse 
metatarsal ligament, and presents a groove for the passage of the Flexor tendons, 
the sheath surrounding which is connected to each side of the groove. By their 
deep surface, they form part of the articular surface for the head of the metatarsal 
bone, and are lined by a synovial membrane. 

The Lateral Ligaments are strong, rounded cords, placed one on each side 
of the joint, and attached, by one extremity, to the posterior tubercle on the 


side of the head of the metatarsal bone; and, by the other, to the contiguous 
extremity of the phalanx. 
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The Posterior Ligament is supplied by the Extensor tendon placed over the 
back of the joint. 


Actions.—The movements permitted in the metatarso-phalangeal articulations 
are flexion, extension, abduction, and adduction. 


IX. ARTICULATIONS OF THE PHALANGES 


The articulations of the phalanges are ginglymoid joints. 
The ligaments are— 


Plantar. Two Lateral. 


The arrangement of these ligaments is similar to those in the metatarso- 
phalangeal articulations: the Extensor tendon supplies the place of a posterior 
ligament. 

Actions.—The only movements permitted in the phalangeal joints are flexion 
and extension; these movements are more extensive between the first and second 
phalanges than between the second and third. The movement of flexion is very 
considerable, but extension is limited by the plantar and lateral ligaments. 


Surface Form.—The principal joints which it is necessary to distinguish, with regard to 
the surgery of the foot, are the medio-tarsal and the tarso-metatarsal joints. The joint 
between the astragalus and the navicular is best found by means of the tubercle of the 
navicular bone, for the line of the joint is immediately behind this process. If the foot is 
grasped and forcibly extended, a rounded prominence, the head of the astragalus, will 
appear on the inner side of the dorsum in front of the ankle-joint, and if a knife is carried 
downwards, just in front of this prominence and behind the line of the navieular tuberele, 
it will enter the astragalo-navicular joint. The calcaneo-cuboid joint is situated midway 
between the externa) malleolus and the prominent end of the fiith metatarsal bone. The 
plane of the joint is in the same line as that of the astragalo-navicular. The position of 
the joint between the fifth metatarsal bone and the cuboid is easily found by the projection 
of the fifth metatarsal bone, which is the guide to it. The direction of the line of the joint 
is very oblique, so that, if continued inwards, it would pass through the inner side of the 
head of the first metatarsal bone. The joints between the third and fourth metatarsal 
bones and the cuboid and external cuneiform are the direct continuation inwards of the 
previous joint, but their planes are less oblique. The tarso-metatarsa! articulation of 
the great toe corresponds to a groove which can be felt by making firm pressure on the 
inner side of the foot one inch in front of the tubercle on the navicular bone; and the 
joint between the second metatarsal bone and the middle cuneiform is to be found on 
the dorsum of the foot, half an inch behind the level of the tarso-metatarsal joint of the 
great toe. The line of the joints between the metatarsal bones and the first phalanges is 
about an inch behind the webs of the corresponding toes. 


THE MUSCLES AND FASCIA * 


HE Muscles are connected with the bones, cartilages, ligaments, and skin, 
either directly or through the intervention of fibrous structures, called 
tendons or aponeuroses. Where a muscle is attached to bone or cartilage, the 
fibres terminate in blunt extremities upon the periosteum or perichondrium, 
and do not come into direct relation with the osseous or cartilaginous tissue. 
Where muscles are connected with the skin, they either lie as a flattened layer 
beneath it, or are connected with its areolar tissue by larger or smaller bundles 
of fibres, as in the muscles of the face. 

The muscles vary extremely in their form. In the limbs, they are of con- 
siderable length, especially the more superficial ones; they surround the bones, 
and constitute an important protection to the various joints. In the trunk, they 
are broad, flattened, and expanded, forming the parietes of the cavities which 
they enclose; hence the reason of the terms, long, broad, short, &c., used in 
the description of a muscle. 

There is a considerable variation in the arrangement of the fibres of certain 
muscles with reference to the tendons to which they are attached. In some, the 
fibres are parallel and run directly from their origin to their insertion ; these are 
quadrilateral muscles, such as the Thyro-hyoid. A modification of these is found 
in the fusiform muscles, in which the fibres are not quite parallel, but slightly 
curved, so that the muscle tapers at each end; in their action, however, they 
resemble the quadrilateral muscles. Secondly, in other muscles the fibres are 
convergent; arising by a broad origin, they converge to a narrow or pointed 
insertion. This arrangement of fibres is found in the triangular muscles—e.g. 
the Temporal. In some muscles, which otherwise would belong to the quadri- 
lateral or triangular type, the origin and insertion are not in the same plane, but 
the plane of the line of origin intersects that of their insertion : such is the case 
in the Pectineus muscle. Thirdly, in some muscles the fibres are oblique and con- 
verge, like the plumes of a quill-pen, to one side of a tendon which runs the entire 
length of the muscle. Such a muscle is rhomboidal or penniform, as the Peronei. 
A modification of these rhomboidal muscles is found in those cases where oblique 
fibres converge to both sides of a central tendon which runs down the middle of 
the muscle; these are called bipenniform, and an example is afforded in the 
Rectus femoris. Finally, we have muscles in which the fibres are arranged in 
curved bundles in one or more planes, as in the Sphincter muscles. The 
arrangement of the muscular fibres is of considerable importance in respect to 
their relative strength and range of movement. Those muscles where the fibres 
are long and few in number have great range, but diminished strength ; where, 
on the other hand, the fibres are short and more numerous, there is great power, 
but lessened range. 

Muscles differ much in size: the Gastrocnemius forms the chief bulk of the 
back of the leg, and the fibres of the Sartorius are nearly two feet in length, 


= The Muscles and Fascie are described conjointly, in order that the student may 
consider the arrangement of the latter in his dissection of the former. It is rare for the 
student of anatomy in this country to have the opportunity of dissecting the fascix 
separately; and it is for this reason, as well as from the close connection that exists 
between the muscles and their investing sheaths, that they are considered together. Some 
general observations are first made on the anatomy of the muscles and fascie, the special 
description being given in connection with the different regions. 
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while the Stapedius, a smail muscle of the internal ear, weighs about a grain, 
and its fibres are not more than two lines in length. 

The names applied to the various muscles have been derived: 1, from their 
situation, as the Tibialis, Radialis, Ulnaris, Peroneus; 2, from their direction, 
as the Rectus abdominis, Obliqui capitis, Transversalis; 3, from their uses, 
as Flexors, Extensors, Abductors, &c.; 4, from their shape, as the Deltoid, 
Trapezius, Rhomboideus; 5, from the number of their divisions, as the Biceps, 
the Triceps; 6, from their points of attachment, as the Sterno-cleido-mastoid, 
Sterno-hyoid, Sterno-thyroid. 

In the description of a muscle, the term origim is meant to imply its more 
fixed or central attachment ; and the term insertion the movable point to which 
the force of the muscle is directed; but the origin is absolutely fixed in only a 
very small number of muscles, such as those of the face, which are attached by 
one extremity to the bone, and by the other to the movable integument; in the 
greater number, the muscle can be made to act from either extremity. 

In the dissection of the muscles, the student should pay especial attention to 
the exact origin, insertion, and actions of each, and its more important relations 
with surrounding parts. An accurate knowledge of the points of attachment of 
the muscles is of great importance in the determination of their action. By a 
consideration of the action of the muscles, the surgeon is able to explain the causes 
of displacement in various forms of fracture, and the causes which produce 
distortion in various deformities, and, consequently, to adopt appropriate treat- 
ment in each case. The relations, also, of some of the muscles, especially those 
in immediate apposition with the larger blood-vessels, and the surface-markings 
they produce, should be carefully remembered, as they form useful guides in 
the application of ligatures to those vessels. 

Tendons are white, glistening, fibrous cords, varying in length and thickness, 
sometimes round, sometimes flattened, of considerable strength, and devoid of 
elasticity. They consist almost entirely of white fibrous tissue, the fibrils of 
which have an undulating course parallel with each other, and are firmly united 
together. They are very sparingly supplied with blood-vessels, the smaller 
tendons presenting in their interior no trace of them. Nerves supplying tendons 
have a special modification of their terminal fibres, named organ of Golgi (see 
page 48). The tendons consist principally of a substance which yields gelatin. 

Aponeuroses are flattened or ribbon-shaped tendons, of a pearly-white colour, 
iridescent, glistening, and similar in structure to the tendons. They are only 
sparingly supplied with blood-vessels. 

The tendons and aponeuroses are connected, on the one hand, with the 
muscles; and, on the other hand, with the movable structures, as the bones, 
cartilages, ligaments, and fibrous membranes (for instance, the sclerotic). Where 
the muscular fibres are in a direct line with those of the tendon or aponeurosis, 
the two are directly continuous; the muscular fibre being distinguishable from 
that of the tendon only by its striation. But where the muscular fibre joins the 
tendon or aponeurosis at an oblique angle, the former terminates, according to 
Kölliker, in rounded extremities, which are received into corresponding depres- 
sions on the surface of the latter, the connective tissue between the fibres being 
continuous with that of the tendon. The latter mode of attachment occurs in 
all the penniform and bipenniform muscles, and in those muscles the tendons 
of which commence in a membranous form, as the Gastrocnemius and Soleus. 

The fascie (fascia, a bandage) are fibro-areolar or aponeurotic lamine, of 
variable thickness and strength, found in all regions of the body, investing the 
softer and more delicate organs. The fascia have been subdivided, from the 
situation in which they are found, into two groups, superficial and deep. 

The superficial fascia is found immediately beneath the integument over 
almost the entire surface of the body. It connects the skin with the deep or 
aponeurotic fascia, and consists of fibro-areolar tissue, containing in its meshes 
pellicles of fat in varying quantity. In the eyelids and scrotum, where fat is 
rarely deposited, this tissue is very liable to serous infiltration. The superficial 
fascia varies in thickness in different parts of the body: in the groin it is so 
thick as to be capable of being subdivided into several lamine. Beneath the 
fatty layer of the superficial fascia, which is immediately subcutaneous, there 
is generally another layer of the same structure, comparatively devoid of adipose 
tissue, in which the trunks of the subcutaneous vessels and nerves are found, as 
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the superficial epigastric vessels in the abdominal region, the radial and ulnar 
veins in the forearm, the saphenous veins in the leg and thigh, and the superficial 
lymphatic glands; certain cutaneous muscles also are situated in the superficial 
fascia, as the Platysma myoides in the neck, and the Orbicularis palpebrarum 
around the eyelids. This fascia is most distinct at the lower part of the 
abdomen, the scrotum, perineum, and extremities ; is very thin in those regions 
where muscular fibres are inserted into the integument, as on the side of the 
neck, the face, and around the margin of the anus. It is very dense in the 
scalp, in the palms of the hands, and soles of the feet, forming a fibro-fatty 
layer, which binds the integument firmly to the subjacent structure. 

The superficial fascia connects the skin to the subjacent parts, facilitates 
the movement of the skin, serves as a soft nidus for the passage of vessels and 
nerves to the integument, and retains the warmth of the body, since the fat 
contained in its areole is a bad conductor of heat. 

The deep fascia is a dense, inelastic, unyielding fibrous membrane, forming 
sheaths for the muscles, and in some cases affording them broad surfaces 
for attachment. It consists of shining tendinous fibres, placed parallel with 
one another, and connected together by other fibres disposed in a rectilinear 
manner. It is usually exposed on the removal of the superficial fascia, forming 
a strong investment, which not only binds down collectively the muscles in 
each region, but gives a separate sheath to each, as well as to the vessels and 
nerves. The fasciæ are thick in unprotected situations, as on the outer side 
of a limb, and thinner on the inner side. The deep fasciæ assist the muscles 
in their action, by the degree of tension and pressure they make upon their 
surface: and, in certain situations, this is increased and regulated by muscular 
action, as, for instance, by the Tensor fascia femoris and Gluteus maximus 
in the thigh, by the Biceps in the upper and lower extremities, and Palmaris 
longus in the hand. In the limbs, the fascia not only invest the entire limb, 
but give off septa which separate the various muscles, and are attached beneath 
to the periosteum: these prolongations of fasciæ are usually spoken of as 
intermuscular septa. . 

The Muscles and Fasciee may be arranged, according to the general division 
of the body, into those of the cranium, face, and neck; those of the trunk; those 
of the upper extremity ; and those of the lower extremity. 


MUSCLES AND FASCIX OF THE CRANIUM AND FACE 


The Muscles of the Cranium and Face consist of ten groups, arranged 
according to the region in which they are situated. 


I. Cranial Region. VI. Maxillary Region. 

IT. Auricular Region. VII. Mandibular Region. 

II. Palpebral Region. VIII. Intermaxillary Region. 

IV. Orbital Region. IX. Temporo-mandibular Region. 
V. Nasal Region. X. Pterygo-mandibular Region. 


The muscles contained in each of these groups are the following: 


I. Cramal Region. IV. Orbital Region. 
Occipito-frontalis. Levator palpebree. 
Rectus superior. 

IT, Auricular Region. Rectus inferior. 
Attrahens auriculam. Rectus internus. 
Attollens auriculam. Rectus externus. 
Retrahens auriculam. ; Obliquus superior. 

i Obliquus inferior. 
III. Palpebral Region. 
Orbicularis palpebrarum. V. Nasal Region. 
Tensor tarsi. Pyramidalis nasi. 


Corrugator supereilii. Levator labii superioris alæque nasi. 
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Dilatator naris posterior, Depressor labii inferioris. 
Dilatator naris anterior. Depressor anguli oris. 
Compressor naris. 
Compressor narium minor. VILL. Intermaxilary Region. 
Depressor ale nasi. Orbicularis oris. 
Buccinator. 
VI. Maxillary Region. Risorius. 


Levator labii superioris. 
Levator anguli oris. 
Aygomaticus major. 
Aygomaticus minor. 


IX. Temporo-mandibular Region. 
Masseter. 
Temporal. 


A. Pterygo-mandibular Region. 
VII. Mandibular Region. Pterygoideus externus. 
Levator labii inferioris. Pterygoideus internus. 


I. CRANIAL REGION—OcCIPITO-FRONTALIS 


Dissection (fig. 388).—The head being shaved, and a block placed beneath the back of 
the neck, make a vertical incision through the skin from before backwards, commencing 
at the root of the nose in front, and terminating behind at the occipital protuberance ; 
make a second incision in a horizontal direction along the forehead and round the side of 


Fic. 383.—Dissection of the head, face, and neck. 










1, Dissection of scalp 





2, 3, of auricular region 


J 4, 5; 6, of face 


7, 8, of neck 


the head, from the anterior to the posterior extremity of the preceding. | Raise the skin 
in front, from the subjacent muscle, from below upwards; this must be done with great 
care, in order to avoid cutting through the vessels and nerves which lie immediately 
beneath the skin. 


The Skin of the Scalp.—This is thicker than in any other part of the body, 
but its thickness varies in different situations: it is thickest in the occipital 
region, whereas in the temporal and mastoid regions it is moderately thin. It is 
intimately adherent to the superficial fascia. The hair-follicles are very closely 
set together, and extend throughout the whole thickness of the skin. It also 
contains a number of sebaceous glands. . 

The superficial fascia in the cranial region is a firm, dense, fibro-fatty layer, 
intimately adherent to the integument, and to the Occipito-frontalis and its 
tendinous aponeurosis ; it is continuous, behind, with the superficial fascia at 
the back part of the neck ; and, laterally, is continued over the temporal fascia. 
It contains between its layers the superficial vessels and nerves and much 
granular fat, l ; l 

The Occipito-frontalis (fig. 389) is a broad musculo-fibrous layer, which covers 
the whole of one side of the vertex of the skull, from the occiput to the eyebrow. 
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It consists of two muscular slips, connected by an intervening tendinous 
aponeurosis. The occipital portion (sometimes called the occipitalis muscle) is 
thin, quadrilateral in form, and about an inch and a half in length ; it arises 
from the outer two-thirds of the superior curved line of the occipital bone, and 
from the mastoid portion of the temporal. Its fibres of origin are tendinous, but 
they soon become muscular, and ascend in a parallel direction to terminate in 
the tendinous aponeurosis. The frontal portion (sometimes called the frontalis 


Fre. 389.—Muscles of the head, face, and neck. 
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muscle) is thin, of a quadrilateral form, and intimately adherent to the superficial 
fascia. It is broader, its fibres are longer, and their structure paler than the 
occipital portion. It has no bony attachments. Its internal fibres are con- 
tinuous with those of the Pyramidalis nasi. Its middle fibres become blended 
with the Corrugator supercilii and Orbicularis palpebrarum ; and the outer fibres 
are also blended with the latter muscle over the external angular process. From 
these attachments, the fibres are directed upwards and join the aponeurosis 
below the coronal suture. The inner margins of the frontal portions of the two 
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muscles are joined together for some distance above the root of the nose ; but 
between the occipital portions there is a considerable, though variable, interval, 
which is occupied by the aponeurosis. 

The aponeurosis covers the upper part of the vertex of the skull, being 
continuous across the middle line with the aponeurosis of the Opposite muscle. 
Behind, it is attached, in the interval between the occipital origins, to the 
occipital protuberance and highest curved lines of the occipital bone; in front, it 
forms a short and narrow prolongation between the frontal portions ; and on 
each side it has connected with it the Attollens and Attrahens muscles of the 
pinna; in this situation it loses its aponeurotic character, and is continued 
over the temporal fascia to the zygoma as a layer of laminated areolar tissue. 
This aponeurosis is closely connected to the integument by the firm, dense, 
fibro-fatty layer which forms the superficial fascia: it is connected with the 
pericranium by loose cellular tissue, which allows of a considerable degree of 
movement of the integument. 

Nerves.—The frontal portion of the Occipito-frontalis is supplied by the facial 
nerve ; its occipital portion, by the posterior auricular branch of the same nerve. 

Actions.—The frontal portion of the muscle raises the eyebrows and the skin 
over the root of the nose, and at the samatime draws the scalp forwards, throwing 
the integument of the forehead into transverse wrinkles. The posterior portion 
draws the scalp backwards. By bringing alternately into action the frontal and 
occipital portions the entire scalp may be moved forwards and backwards. In 
the ordinary action of the muscles, the eyebrows are elevated, and at the same 
time the aponeurosis is fixed by the posterior portion, thus giving to the face the 
expression of surprise: if the action is more exaggerated, the eyebrows are still 
further raised, and the skin of the forehead thrown into transverse wrinkles, as 
in the expression of fright or horror. 


Surgical Anatomy.—From an anatomical point of view, the scalp consists of five 
layers, viz. the skin, subcutaneous tissue, Occipito-frontalis muscle and its aponeurosis, 
subaponeurotic connective tissue, and pericranium. But from a surgical standpoint it 
is better to regard the first three of these structures as a single layer, since they are all 
intimately fused together, and when torn off in an accident, or turned down as a flap 
in a surgical operation, remain firmly connected to each other. In consequence of the 
dense character of the subcutaneous tissue, the amount of swelling which occurs as the 
result of inflammation is slight; and the edges of a wound which does not involve the 
Occipito-frontalis muscle or its aponeurosis do not gape. The blood-vessels, also, which 
he in this tissue, when wounded, are unable to freely contract and retract: and therefore 
the hemorrhage from scalp wounds is often very considerable, but can always be arrested 
by pressure—a matter of great importance, as it is often very difficult or impossible to 
pick up with forceps a wounded vessel in the scalp. 

The skin of the scalp is abundantly supplied with sebaceous and sudoriparous glands. 
The former are sometimes the seat of cystic enlargement, constituting the so-called 
atheromatous cysts or wens. 

The subaponeurotic connective tissue is, from a surgical point of view, of considerable 
importance. It is loose and lax, and is easily torn through; and hence, when a flap 
wound occurs in the scalp, this is the tissue which is torn when the flap is separated 
from the parts beneath. The vessels are therefore torn down with the flap, and there is 
little risk of sloughing, unless the vitality of the part has been actually destroyed by the 
injury. In consequence of its loose nature and feeble vitality, any septic inflammation is 
apt to assume a very diffuse form and spread all over the skull, and, unless relieved by 
timely incisions, lead to extensive destruction of the integument, from the tension to 
which it is subjected. 


II, Auricuntar Reaton (fig. 389) 


Attrahens auriculam. Attollens auriculam. 
Retrahens auriculam. 


These three small muscles are placed immediately beneath the skin around 
the pinna. In man, in whom the pinna is almost immovable, they are rudi- 
mentary. They are the analogues of large and important muscles in some of 
the mammalia. 


Dissection.—This requires considerable care, and should be performed in the following 
manner: To expose the Attollens auriculam, draw the pinna or broad part of the ear down- 
wards, when a tense band will be felt beneath the skin, passing from the side of the head 
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to the upper part of the concha; by dividing the skin over this band, in a direction from 
below upwards, and then reflecting it on each side, the muscle 1s exposed. To bring into 
view the Attrahens auriculam, draw the helix backwards by means of a hook, when the 
muscle will be made tense, and may be exposed in a similar manner to the preceding. 
To expose the Retrahens auriculam, draw the pinna forwards, when the muscle, being 
made tense, may be felt beneath the skin, at its insertion into the back part of the concha, 
and may be exposed in the same manner as-the other muscles. 


The Attrahens auriculam (Aurictlaris anterior), the smallest of the three, is 
thin, fan-shaped, and its fibres pale and indistinct ; they arise from the lateral 
edge of the aponeurosis of the Occipito-frontalis, and converge to be inserted into 
a projection on the front of the helix. 

Relations.—Superficially, with the skin; deeply, with the areolar tissue 
derived from the aponeurosis of the Occipito-frontalis, beneath which are the 
superficial temporal artery and vein and the temporal fascia. 

The Attollens auriculam (Auricularis superior), the largest of the three, is thin 
and fan-shaped: its fibres arise from the aponeurosis of the Occipito-frontalis, 
and converge to be inserted by a thin, flattened tendon into the upper part of the 
cranial surface of the pinna. 

Relations.—Swperjicially, with the integument; deeply, with the areolar 
tissue derived from the aponeurosis of the Occipito-frontalis, beneath which 1s 
the temporal fascia. 

The Retrahens auriculam (Awricularis posterior) consists of two or three fleshy 
fasciculi, which arise from the mastoid portion of the temporal bone by short 
aponeurotic fibres. They are inserted into the lower part of the cranial surface 
of the concha. 

Relations. —Superficially, with the integument; deeply, with the mastoid 
portion of the temporal bone and the posterior auricular artery and nerve. 

Nerves.-—The Attrahens and Attollens auriculam are supplied by the temporal 
branch of the facial nerve ; the Retrahens auriculam is supplied by the posterior 
auricular branch of the same nerve. 

Actions.—In man, these muscles possess very little action: the Attrahens 
auriculam draws the ear forwards and upwards ; the Attollens auriculam slightly 
raises it; and the Retrahens auriculam draws it backwards. 


III. PALPEBRAL Reaion (fig. 389) 


Orbicularis palpebrarum. Corrugator supercilil. 
Tensor tarsi, Levator palpebre. 


Dissection (fig. 388).--In order to expose the muscles of the face, continue the longi- 
tudinal incision, made in the dissection of the Occipito-frontalis, down the median line of 
the face to the tip of the nose, and from this point onwards to the upper lip; and earry 
another incision along the margin of the lip to the angle-of the mouth, and transversely 
across the face to the angle of the jaw. Then make an incision in front of the external 
ear, from the angle of the jaw upwards, to join the transverse incision made in exposing 
the Occipito-frontalis, These incisions include a square-shaped flap, which should be 
removed with care, in the direction marked in the figure, as the muscles at some points 
are intimately adherent to the integument. 


The Orbicularis palpebrarum is a sphincter muscle, which surrounds the 
circumference of the orbit and eyelids. It arises from the internal angular 
process of the frontal bone, from the nasal process of the superior maxillary bone 
in front of the lachrymal groove for the nasal duct, and from the anterior surface 
and borders of a short tendon, the tendo oculi, or internal tarsal ligament, placed 
at the inner angle of the orbit. From this origin, the fibres are directed out- 
wards, forming a broad, thin, and flat layer, which covers the eyelids, surrounds 
the circumference of the orbit, and spreads out over the temple, and downwards 
on the cheek. The palpebral portion (pars ciliaris) of the Orbicularis is thin and 
pale; it arises from the bifurcation of the tendo oculi, and forms a series of 
concentric curves, which are inserted on the outer side of the eyelids into the 
external tarsal ligament. The orbital portion (pars orbicularis) is thicker and 
of a reddish colour: its fibres are well developed, and form complete ellipses. 
The upper fibres of this portion blend with the Occipito-frontalis and Corrugator 
supercilii, 
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Relations.—By its superficial surface, with the integument. By its deep 
surface, above, with the Occipito-frontalis and Corrugator supercilii, with which 
it is intimately blended, and with the supra-orbital vessels and nerve ; below, it 
covers the lachrymal sac, and the origin of the Levator labii superioris aleeque 
nasi, the Levator labii superioris, and the Zygomaticus minor muscles. Jnter- 
nally, it is occasionally blended with the Pyramidalis nasi. Externally, it lies 
on the temporal fascia. On the eyelids, it is separated from the conjunctiva by 
the tarsal ligaments, the tarsal plates, and the Meibomian glands; and in the 
case of the upper lid, by the tendon of the Levator palpebre muscle. 

The tendo oculi, or internal tarsal ligament, is a short tendon, about two lines 
in length and one in breadth, attached to the nasal process of the superior 
maxillary bone in front of, the lachrymal groove. Crossing the lachrymal sac, 
it divides into two parts, each division being attached to the inner extremity of 
the corresponding tarsal plate. Asthe tendon crosses the lachbrymal sac, a strong 
aponeurotic lamina is given off from the posterior surface, wich expands over 
the sac, and is attached to the ridge on the lachrymalbone. This is the reflected 
aponeurosis of the tendo oculi. 

The external tarsal ligament is a much weaker structure than the tendo oculi. 
It is attached to the margin of the frontal process of the malar bone, and passes 
inwards to the outer commissure of the eyelid, where it divides into two slips, 
which are attached to the margins of the respective tarsal plates. 

Use of Tendo oculi—Besides giving attachment to part of the Orbicularis 
palpebrarum, and to the tarsal plates, it serves to suck the tears into the lachry- 
mal sac, by its attachment 


to the sac. Thus, each Fre, 390.—Horner’s muscle. (From a preparation in 


time the eyelids are closed, the Museum of the Royal College of Surgeons of 
the tendo oculi becomes England.) 
tightened, through the Horner’s muscle 


action of the -Orbicularis, 

and draws the wall of : 
the lachrymal sac out- 
wards and forwards, so 
that a vacuum is made 
in it, and the tears are 
sucked along the lachry- 
mal canals into it. 

The Tensor tarsi (Hor- 
ner’s muscle) is a small 
thin musele, about three 
lines in breadth and six 
in length, situated at the 
inner side of the orbit, 
behind the tendo oculi and 
lachrymal sac (fig. 390). It 
arises from the crest and 
adjacent part of the orbital 
surface of the lachrymal 
bone, and, passing across 
the lachrymal sac, divides 
into two slips, which cover 
the lachrymal canals, and 
are inserted into the tarsal 
plates internal to the 
puncta lachrymalia. Its fibres appear to be continuous with those of the 
palpebral portion of the Orbicularis palpebrarum, from which they are usually 
considered to be derived ; it is occasionally very indistinct. : 

The Corrugator supercilii is a small, narrow, pyramidal muscle, placed at 
the inner extremity of the eyebrow, beneath the Occipito-frontalis and Orbicularis 
palpebrarum muscles. It arises from the inner extremity of the superciliary 
ridge ; whenee its fibres pass upwards and outwards, between the palpebral and 
orbital portions of the Orbicularis palpebrarum, and are inserted into the deep 
surface of the skin, opposite the middle of the orbital arch, l : 

Relations.—By its anterior surface, with the Occipito-frontalis and Orbicularis 
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palpebrarum muscles. By its posterior surface, with the frontal bone and 
supratrochlear nerve. l 

Nerves.—The Orbicularis palpebrarum, Corrugator supercilii, and Tensor 
tarsi are supplied by the facial nerve. Recent investigations tend to show that 
the Orbicularis palpebrarum, Corrugator supercilii, and frontal part of the 
Occipito-frontalis, are in reality supplied by fibres of the third nerve, which 
descend through the pons Varolii to join the facial nerve. 

Actions.—The Orbicularis palpebrarum is the sphincter muscle of the eyelids. 
The palpebral portion acts involuntarily, closing the lids gently, as in sleep or in 
blinking ; the orbicular portion is subject to the will. When the entire muscle 
is brought into action, the skin of the forehead, temple, and cheek is drawn 
inwards towards the inner angle of the orbit, and the eyelids are firmly closed, 
as in photophobia. When the skin of the forehead, temple, and cheek is thus 
drawn inwards by the action of the muscle it is thrown into folds, especially 
radiating from the outer angle of the eyelids, which give rise in old age to the 
so-called ‘crow’s feet.’ The Levator palpebre is the direct antagonist of this 
muscle; it raises the upper eyelid and exposes the globe of the eye. The 
Corrugator supercilii draws the eyebrow downwards and inwards, producing 
the vertical wrinkles of the forehead. It is the ‘frowning’ muscle, and may 
be regarded as the principal agent in the expression of suffering. The Tensor 
tarsi draws the eyelids and the extremities of the lachrymal canals inwards 
and compresses them against the surface of the globe of the eye; thus placing 
them in the most favourable situation for receiving the tears. It serves, also, 
to compress the lachrymal sac. 


TY. Orsitat Reaion (fig. 391) 


Levator palpebre superioris. Rectus internus. 
Rectus superior. Rectus externus. 
Rectus inferior. Obliquus oculi superior. 


Obliquus oculi inferior. 


Dissection.— To open the cavity of the orbit, remove the skull-cap and brain ; then saw 
through the frontal bone at the inner extremity of the supra-orbital ridge, and externally 
at its junction with the malar. Break in pieces the thin roof of the orbit by a few slight 
blows of the hammer, and take it away; drive forward the superciliary portion of the 
frontal bone by a smart stroke, but do not remove it, as that would destroy the pulley of 
the Obliquus superior. When the fragments are cleared away, the periosteum of the 
orbit will be exposed ; this being removed, together with the fat which fills the cavity of 
the orbit, the several muscles of this region can be examined. The dissection will be 
facilitated by distending the globe of the eye. In order to effect this, puncture the optic 
nerve near the eyeball with a curved needle, and push the needle onwards into the globe ; 
insert the point of a blowpipe through this aperture, and force a little air into the cavity 
of the eyeball; then apply a ligature round the nerve so as to prevent the air escaping. 
The globe being now drawn forwards, the muscles will be put upon the stretch. 


The Levator palpebre superioris is thin, flat, and triangular in shape. It 
arises from the under surface of the lesser wing of the sphenoid, above and in 
front of the optic foramen, from which it is separated by the origin of the Superior 
rectus. At its origin, itis narrow and tendinous, but soon becomes broad and 
fleshy, and finally terminates in a wide aponeurosis, which is inserted into the 
upper margin of the superior tarsal plate. From this aponeurosis a thin 
expansion is continued onwards, passing between the fibres of the Orbicularis 
to be inserted into the skin of the lid, and some deeper fibres blend with 
an expansion from the sheath of the Superior rectus muscle, and are with it 
prolonged into the conjunctiva. At each angle of the lid, the aponeurosis 
blends with the- palpebral ligaments; and, at the inner angle, is also attached 
to the pulley of the Superior oblique muscle of the eye, which it serves to render 
tense. | 

Relations.—By its upper surface, with the frontal nerve, the supra-orbital 
artery, and the periosteum of the orbit and lachrymal gland; and, in the lid, 
with the inner surface of the tarsal ligament. By its under surface, with the 
Superior rectus; and, in the lid, with the conjunctiva. A small branch of the 
third nerve enters its under surface. 
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The Four Recti muscles arise from a fibrous ring which surrounds the optic 
foramen and encloses the optic nerve. From this ring & little tendinous bridge 
is prolonged over the lower and inner part of the sphenoidal fissure, to be in- 
serted into a tubercle of bone on the margin of the greater wing of the sphenoid, 
bounding the sphenoidal fissure. Two specialised parts of this fibrous ring may 
be made out: a lower, the more distinct, the ligament or tendon of Zinn, which 
gives origin to the Inferior rectus, part of the Internal rectus, and the lower 
head of origin of the External rectus; and an upper, which gives origin to the 
Superior rectus, the rest of the Internal rectus, and the upper head of the 


Fic. 391.—Muscles of the right orbit. 
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External rectus. This upper band is sometimes termed the superior tendon of 
Lockwood. Each muscle passes forward in the position implied by its name, 
to be inserted by a tendinous expansion into the sclerotic coat, about three or 
four lines from the margin of the cornea. Between the two heads of the External 
rectus is a narrow interval, through which pass the two divisions of the third 
nerve, the nasal branch of the ophthalmic division of the fifth nerve, the sixth 
nerve, and the ophthalmic vein. Although these muscles present a common 
origin and are inserted in a similar manner into the sclerotic coat, there are 
certain differences to be observed in them, as regards their length and breadth. 
The Internal rectus is the broadest ; 

the External is the longest; and the Fie. 392.—The relative position and. attach- 






Superior is the thinnest and nar- ment of the muscles of the left eyeball. 
rowest. Rectus supertor 
The Superior oblique is a fusiform TA 
muscle, placed at the upper and inner . palpebre superior a 
side of the orbit, internal to the Obliquus superior ag alll 


Levator palpebræ. It arises about a 
line above the inner margin of the ANS A 
optic foramen, above and internal to Li. Een 
the origin of the Superior rectus, and, 
passing forwards to the inner angle 
of the orbit, terminates in a rounded 
tendon, which plays in a fibro-carti- Rectus infertor 
laginous ring or pulley attached to 
a depression beneath the internal 
angular process of the frontal bone, the contiguous surfaces of the tendon and 
ring being lined by a delicate synovial membrane, and enclosed in a thin fibrous 
investment. The tendon is reflected backwards, outwards, and downwards 
beneath the Superior rectus to the outer part of the globe of the eye, and is 
inserted into the sclerotic coat, behind the equator of the eyeball, the insertion 
of the muscle lying between the Superior and External recti. 

Relations.— By its upper surface, with the periosteum lining the roof of the 
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orbit,.and the fourth nerve. The tendon, where it hes on the globe of the eye, 
is covered by the Superior rectus. By its under surface, with the nasal nerve, 
ethmoidal arteries, and the upper border of the Internal rectus. 

The Inferior oblique is a thin, narrow muscle, placed near the anterior 
margin of the orbit. It arises from the orbital plate of the superior maxillary 
bone, external to the lachrymal groove. Passing outwards, backwards, and 
upwards, between the Inferior rectus and the floor of the orbit, and then between 
the eyeball and the External rectus, it is inserted into the outer part of the 
sclerotic coat. between the Superior and External rectus, near to, but somewhat 
behind, the tendon of insertion of the Superior oblique. 

Relations.—By its ocular surface, with the globe of the eye, and with the 
Inferior rectus. By its orbital surface, with the periosteum covering the floor of 
the orbit, and with the External rectus. Its borders look forwards and back- 
wards ; the posterior one receives a branch of the third nerve. 

Nerves.—The Levator palpebree, Inferior oblique, and all the Recti excepting 
the External, are supplied by the third nerve; the Superior oblique, by the 
fourth ; the External rectus, by the sixth. — 

Actions.—The Levator palpebrew raises the upper eyelid, and is the direct 
antagonist of the Orbicularis palpebrarum. The four Recti muscles are attached 
in such a manner to the globe of the eye that, acting singly, they will turn it 
either upwards, downwards, inwards, or outwards, as expressed by their names. 
The movement produced by the Superior or Inferior rectus is not quite a 
simple one, for inasmuch as they pass obliquely outwards and forwards to the 
eyeball, the elevation or depression of the cornea is accompanied by a certain 
deviation inwards, with a slight amount of rotation, which, however, is corrected 
by the Oblique muscles ; the Inferior oblique correcting the deviation inwards of 
the Superior rectus, and the Superior oblique that of the Inferior rectus. The 
contraction of the External and Internal recti, on the other hand, produces a 
purely horizontal movement. If any two contiguous Recti of one eye act together 
they carry the globe of the eye in the diagonal of these directions, viz. upwards 
bed: inwards, upwards and outwards, downwards and inwards, or downwards 
and outwards. A little consideration will show that sometimes the corresponding 
Recti of the two eyes act in unison, and at others the opposite Recti act together. 
Thus, in turning the eyes to the right, the External rectus of the right eye will 
act in unison with the Internal rectus of the left eye; but if both eyes are 
directed to an object in the middle line at a short distance, the two Internal 
recti will act in unison. The movement of circumduction, as in looking 
round a room, is performed by the alternate action of the four Recti. The 
oblique muscles rotate the eyeball on its antero-posterior axis, this kind of move- 
ment being required for the correct viewing of an object when the head is moved 
laterally, as from shoulder to shoulder, in order that the picture may fall in all 
respects on the same part of the retina of each eye.* 

Fascie of the Orbit.—The connective tissue of the orbit is in various places 
condensed into thin membranous layers, which may be conveniently described — 
as (1) the orbital fascia’; (2) the sheath of the muscles; and (3) the covering of 
the eyeball. 

(1) The orbital fascia. This forms the periosteum of the orbit. It is loosely 
connected to the bones, from. which it can be readily separated. Behind, it is 
connected with the dura mater by processes which pass through the optic 
foramen and sphenoidal fissure, and with the sheath of the optic nerve. In 
front, it is connected with the periosteum at the margin of the orbit, and sends 
off a process which assists in forming the palpebral fascia. From its internal 
surface two processes are given off: one to enclose the lachrymal gland, the 
other to hold the pulley of the Superior oblique muscle in position. A layer of 
non-striped muscle, the orbitalis muscle of H. Müller, may be seen bridging 
across the spheno-mazxillary fissure. 

(2) The sheaths of the muscles give off expansions to the margins of the orbit 
which limit the action of the muscles. 


* tOn the Oblique Muscles of the Eye in Man and Vertebrate Animals,’ by John 
Struthers, M.D., in Anatomical and Physiological Observations. For a fuller account 
than our space allows of the various co-ordinated actions of the muscles of a single eye 
and of both eyes, the reader may be referred to M. Foster’s Text-book of Physiology. 
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(3) The fascia covering the eyeball—Tenon’s capsule—will be described with 
the anatomy of the eyeball. 


Surgical Anatonvy.—The position and exact point of insertion of the tendons of the 
Internal and External recti muscles into the globe should be carefully examined from the 
front of the eyeball, as the surgeon is often required to divide the one or the other muscle 
for the cure of strabismus. In convergent strabismus, whichis the more common form of 
the disease, the eye is turned inwards, requiring the division of the Internal rectus. In 
the divergent form, which is more rare, the eye is turned outwards, the External rectus 
being especially implicated. The deformity produced in either case is to be remedied by 
division of one or the other muscle. The operation is thus performed: the lids are 
to be well separated; the eyeball is rotated outwards or inwards, and the conjunctiva 
raised by a pair of forceps, and incised immediately beneath the lower border of the tendon 
of the muscle to be divided, a little behind its insertion into the sclerotic ; the submucous 
areolar tissue is then divided, and into thesmall aperture thus made, a blunt hook is passed 
upwards between the muscle and the globe, and the tendon of the muscle and conjunctiva 
covering it, divided by a pair of blunt-pointed scissors. Or the tendon may be divided by 
a subconjunctival incision, one blade of the scissors being passed upwards between the 
tendon and the conjunctiva, and the other between the tendon and the sclerotic. The 
student, when dissecting these muscles, should remove on one side of the subject the 
conjunctiva from the front of the eye, in order to see more accurately the position of 
the tendons, while on the opposite side the operation may be performed. 


V. Nasar REGION (fig. 389) 


Pyramidalis nasi. Dilatator naris anterior. 
Levator labii superioris alæque nasi. Compressor naris, 
Dilatator naris posterior. Compressor narium minor, 


Depressor ales nasi. 


The Pyramidalis nasi is a small pyramidal slip placed over the nasal bone. 
Its origin is by tendinous fibres from the fascia covering the lower part of the 
nasal bone and upper part of the cartilage, where it blends with the Compressor 
naris, and it is inserted into the skin over the lower part of the forehead between 
the two eyebrows, its fibres decussating with those of the Occipito-frontalis. 

Relations.—By its upper surface, with the skin. By its under surface, with 
the frontal and nasal bones. 

The Levator labii superioris aleque nasi is a thin triangular muscle, placed 
by the side of the nose, and extending between the inner margin of the orbit and 
upper lip. It arises by a pointed extremity from the upper part of the nasal 
process of the superior maxillary bone, and, passing obliquely downwards and 
outwards, divides into two slips, one of which is inserted into the cartilage of 
the ala of the nose; the other is prolonged into the upper lip, hecoming blended 
with the Orbicularis oris and Levator labii superioris proprius. 

Relations.—-In front, with the integument; and with a small part of the 
Orbicularis palpebrarum above. ai 

The Dilatator naris posterior is a small muscle, which is placed partly beneath 
the elevator of the nose and lip. It arises from the margin of the nasal notch of 
the superior maxilla, and from the sesamoid cartilages, and is inserted into the 
skin near the margin of the nostril. l 

The Dilatator naris anterior is a thin delicate fasciculus, passing from the 
cartilage of the ala of the nose to the integument near its margin. This muscle 
is situated in front of the preceding. - 

The Compressor naris is a small, thin, triangular muscle, arising by its apex 
from the superior maxillary bone, above and a little external to the incisive fossa ; 
its fibres proceed upwards and inwards, expanding into a thin aponeurosis which 
is continuous on the bridge of the nose with that of the muscle of the opposite 
side, and with the aponeurosis of the Pyramidalis nasi. 

The Compressor narium minor is a small muscle, attached by one end to the 
alar cartilage, and by the other to the integument at the end of the nose. 

The Depressor ale nasi is a short, radiated muscle, arising from the incisive 
fossa of the superior maxilla ; its fibres ascend to be inserted into the septum, 
and back part of the ala of the nose. This muscle lies between the mucous 
membrane and muscular structure of the lip. 


Nerves,—All the muscles of this group are supplied by the facial nerve. 
FF 2 
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Actions.—-The Pyramidalis nasi draws down the inner angle of the eyebrows 
and produces transverse wrinkles over the bridge of the nose. The Levator labii 
superioris alæque nasi draws upwards the upper. lip and ala of the nose; its 
most important action is upon the nose, which it dilates to a considerable extent. 
The action of this muscle produces a marked influence over the countenance, 
and itis the principal agent in the expression of contempt and disdain. The 
two Dilatatores nasi enlarge the aperture of the nose. Their action in ordinary 
breathing is to resist the tendency of the nostrils to close from atmospheric 
pressure, but in difficult breathing they may be noticed to be in violent action, 
as well as in some emotions, as anger. The Depressor ale nasi is a direct 
antagonist of the other muscles of the nose, drawing the ala of the nose down- 
wards, and thereby constricting the aperture of the nares. The Compressor naris 
depresses the cartilaginous part of the nose and draws the alee together. 


VI. SUPERIOR MAXILLARY REGION (fig. 389) 


Levator labii superioris. Zygomaticus major. 
Levator anguli oris. Zygomaticus minor. 


The Levator labii superioris (proprius) is a thin muscle, of a quadrilateral 
form. It arises from the lower margin of the orbit immediately above the infra- 
orbital foramen, some of its fibres being attached to the superior maxilla, others 
to the malar bone; its fibres converge to be inserted into the muscular substance 
of the upper lip, between the attachment of the Levator labii superioris alaque 
nasi and the Levator anguli oris. 

Relations.—By its superficial surface above, with the lower segment of the 
Orbicularis palpebrarum; below, it is subcutaneous. By its deep surface, it 
conceals the origin of the Compressor naris and Levator anguli oris muscles ; also, 
the infra-orbital vessels and nerve, as they escape from the infra-orbital foramen. 

The Levator anguli oris arises from the canine fossa, immediately below the 
infra-orbital foramen ; its fibres incline downwards and a little outwards, to be 
inserted into the angle of the mouth, intermingling with those of the Zygomaticus 
major, the Depressor anguli oris, and the Orbicularis. 

Relations.— By its superficial surface, with the Levator labii superioris and the 
infra-orbital vessels and nerves. By its deep surface, with the superior maxilla, 
the Buccinator, and the mucous membrane. 

The Zygomaticus major is a slender fasciculus, which arises from the malar 
bone, in front of the zygomatic suture, and descending obliquely downwards and 
inwards, is inserted into the angle of the mouth, where it blends with the fibres 
of the Levator anguli oris, the Orbicularis oris, and the Depressor anguli oris. 

Relations. By its superficial surface, with the subcutaneous adipose tissue. 
By its deep surface, with the Masseter and Buccinator muscles and the facial 
artery and vein. 

The Zygomaticus minor arises from the malar bone, immediately behind the 
maxillary suture, and passing downwards and inwards, is continuous with the 
Orbicularis oris at the outer margin of the Levator labii superioris. It lies in 
front of the preceding. 

Relations.—By its superficial surface, with the integument and the Orbicularis 
" 5 aap above. By its deep surface, with the Masseter, Buccinator, and 

evator anguli oris, and the facial artery and vein. 

Nerves.——This group of muscles is supplied by the facial nerve. 

Actions.—The Levator labii superioris is the proper elevator of the upper lip, 
carrying it at the same time a little forwards. It assists in forming the naso- 
labial ridge, which passes from the side of the nose to the upper lip and gives to 
the face an expression of sadness. The Levator anguli oris raises the angle of 
the mouth and assists the Levator labii superioris in producing the naso-labial 
ridge. The Zygomaticus major draws the angle of the mouth backwards and 
upwards, as in laughing; while the Zygomaticus minor, being inserted into 
the outer part of the upper lip and not into the angle of the mouth, draws it 
a upwards, and outwards, and thus gives to the face an expression 
of sadness. 
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VIL. INFERIOR MAXILLARY Reaion (fig. 389) 


Levator labii inferioris (Levator menti). 
Depressor labii inferioris (Quadratus menti). 
Depressor anguli oris (Triangularis menti). 


Dissection.—The two principal muscles in this region may be dissected by making a 
vertical incision through the integument from the margin of the lower lip to the chin; a 
second incision should then be carried along the margin of the lower jaw as far as the 
angle, and the integument carefully removed in the direction shown in fig. 388. The 
id labii inferioris is to be dissected by everting the lower lip and raising the mucous 
membrane. 


The Levator labii inferioris (Levator menti) is a small conical fasciculus, 
placed on the side of the frenum of the lower lip. Tt arises from the incisive 
fossa, external to the symphysis of the lower Jaw ; its fibres descend to be inserted 
into the integument of the chin. 

Relations. —On its inner surface, with the mucous membrane ; in the median 
line, it is blended with the muscle of the opposite side; and on its outer side, 
with the Depressor labii inferioris. 

The Depressor labii inferioris (Quadratus menti) is a small quadrilateral 
muscle. It arises from the external oblique line of the lower jaw, between the 
symphysis and mental foramen, and passes obliquely upwards and inwards, 
to be inserted into the integument of the lower lip, its fibres blending with 
the Orbicularis oris, and with those of its fellow of the opposite side. It is 
continuous with the fibres of the Platysma at its origin. This muscle contains 
much yellow fat intermingled with its fibres. 

Relations.—By its superficial surface, with part of the Depressor anguli oris, 
and with the integument, to which it is closely connected. By its deep surface, 
with the mental vessels and nerves, the mucous membrane of the lower lip, the 
labial glands, and the Levator menti, with which it is intimately united. 

The Depressor anguli oris (Triangularis menti) is triangular in shape, arising, 
by its broad base, from the external oblique line of the lower jaw, whence its 
fibres pass upwards, to be inserted, by a narrow fasciculus, into the angle of 
the mouth. It is continuous with the Platysma at its origin, and with the 
Orbicularis oris and Risorius at its insertion, and some of its fibres are directly 
continuous with those of the Levator anguli oris. 

Relations.—By its superficial surface, with the integument. By its deep 
surface, with the Depressor labii inferioris and Buccinator. 

Nerves.— This group of muscles is supplied by the facial nerve. 

Actions.—The Levator labii inferioris raises the lower lip, and protrudes it 
forwards, and at the same time wrinkles the integument of the chin, expressing 
doubt or disdain. The Depressor labii inferioris draws the lower lip directly 
downwards and a little outwards, as in the expression of irony. The Depressor 
anguli oris depresses the angle of the mouth, being the antagonist of the Levator 
anguli oris and Zygomaticus major; acting with these muscles, it will draw 
the angle of the mouth directly backwards. 


VIII. InTERMAXILLARY REGION 
Orbicularis oris, Buecinator. Risorius. 


Dissection.—The dissection of these muscles may be considerably facilitated by filling 
the cavity of the mouth with tow, so as to distend the cheeks and lips; the mouth should 
then be closed by a few stitches, and the integument carefully removed from the surface. 


The Orbicularis oris (fig. 389) is not a sphincter muscle like the Orbicularis 
palpebrarum, but consists of numerous strata of muscular fibres, having different 
directions, which surround the orifice of the mouth. These fibres are partially 
derived from the other facial muscles which are inserted into the lips, and are 
partly fibres proper to the lips themselves. Of the former, a considerable number 
are derived from the Buccinator and form the deeper stratum of the Orbicularis. 
Some of them—namely, those near the middle of the Buccinator—decussate at 
the angle of the mouth, those arising from the upper jaw passing to the lower 
lip, and those from the lower jaw to the upper lip. Other fibres of the musele, 
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situated at its upper and lower part, pass across the y- from side to side without 
decussation. Superficial to this stratum is a second, formed by the Levator and 
Depressor anguli oris, which cross each other at the angle of the mouth; those 
from the Depressor passing to the upper lip, and those from the Levator to the 
lower lip, along which they run to be inserted into the skin near the median 
line. In addition to these there are fibres from other muscles inserted into 
the lips, the Levator labii superioris, the Levator labii superioris alaque nasi, 
the Zygomatici, and the Depressor labii inferioris ; these intermingle with the 
transverse fibres above described, and have Spare nah an oblique direction. The 
proper fibres of the lips are oblique, and pass from the under surface of the skin 
to the mucous membrane, through the thigkness of the lip. And in addition to 
these are fibres by which the muscle is connected ae with the maxillary 
bones and the septum of the nose. These consist, in the upper lip, of four 
bands, two of which (Musculus incisivus superior) arise from the alveolar border 
of the superior maxilla, opposite the lateral incisor tooth, and arching outwards 
on each side are continuous at the angles of the mouth with the other muscles 
inserted into this part. The two remaining muscular slips, called the Naso- 
labialis, connect the upper lip to the back of the septum of the nose: as they 
descend from the septum, an interval is left between them. It is this interval 
which forms the depression seen on the surface of the skin beneath the septum 
of the nose, which is called the philtrum. The additional fibres for the lower 
segment (Musculus incisivus inferior) arise from the inferior maxilla, externally 
to the Levator labii inferioris, and arch outwards to the angles of the mouth, 
to join the Buccinator and the other muscles attached to this part. 

Relations.—By its superficial surface, with the integument, to which it is 
closely connected. By its deep surface, with the buccal mucous membrane, 
the labial glands, and coronary vessels. By its outer circumference, it is 
blended with the numerous muscles which converge to the mouth from various 
parts of the face. Its inner circumference is free, and covered by mucous 
membrane. 

The Buccinator (fig. er) is a broad, thin muscle, quadrilateral in form, 
which occupies the interval between thé jaws at the side of the face. It arises 
from the outer surface of the alveolar processes of the upper and lower jaws, 
corresponding to the three molar teeth; and behind, from the anterior border 
of the pterygo-mandibular ligament, through which it is continuous with the 
Superior constrictor of the pharynx. The fibres converge towards the angle 
of the mouth, where the central fibres intersect each other, those from below 
being continuous with the upper segment of the Orbicularis oris, and those from 
above with the inferior segment; the highest and lowest fibres continue 
forward uninterruptedly into the corresponding segment-of the lip without 
decussation. ) 

Relations.—By its superficial surface, behind, with a large mass of fat, which 
separates it from the ramus of the lower jaw, the Masseter, and a small portion 
of the Temporal muscle, and which has been named the suctorial pad, because 
it is supposed to assist in the act of sucking. By its outer surface, the 
Buccinator muscle is in relation with the Zygomatici, Risorius, Levator anguli 
oris, Depressor anguli oris, and Stenson’s an which pierces it opposite the 
second molar tooth of the upper jaw; the facial artery and vein cross it from 
below upwards ; it is also crossed by the branches of the facial and buccal 
nerves. By its internal surface, with the buccal glands and mucous membrane 
of the mouth. 

The pterygo-mandibular ligament separates the Buccinator muscle from the 
Superior constrictor of the pharynx. It is a tendinous band, derived from the 
deep cervical fascia, attached by one extremity to the apex of the internal 
pterygoid plate, and by the other to the posterior extremity of the internal 
oblique line of the lower jaw. Its inner surface corresponds to the cavity of 
the mouth, and is lined by mucous membrane. Its outer surface is separated 
from the ramus of the jaw by a quantity of adipose tissue. Its posterior border 
gives attachment to the Superior constrictor of the pharynx; its anterior border, 
to the fibres of the Buccinator (see fig. 401). 

The Risorius (Risorius Santorini) consists of a narrow bundle of fibres, 
which arises in the fascia over the Masseter muscle and, passing horizontally 
forwards, is inserted into the skin at the angle of the mouth (fig. 389). It is 
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placed superficial to the Platysma, and is broadest at its outer extremity. This 
muscle varies much in its size and form. 

Nerves.—The muscles in this group are all supplied by the facial nerve. The 
buccal branch of the inferior maxillary nerve pierces the Buccinator muscle, 
and by some anatomists is regarded as partly supplying this muscle. Probably 
it merely pierces it on its way to the mucous membrane of the cheek. 

Actions.—The Orbicularis oris in its ordinary action produces the direct 
closure of the lips; by its. deep fibres, assisted by the oblique ones, it closely 
applies the lips to the alveolar arch. The superficial part, consisting principally 
of the decussating fibres, brings the lips together and also protrudes them 
forwards. The Buccinators contract and compress the cheeks, so that, during 
the process of mastication, the food is kept under the immediate pressure of 
the teeth. When the cheeks have been previously distended with air, the 
Buccinator muscles expel it from between the lips, as in blowing a trumpet. 
Hence the name (buccina, a trumpet). The Risorius retracts the angles of the 
mouth, and produces the unpleasant expression which is sometimes seen in 
tetanus, and is known as ‘risus sardonicus.’ 


IX. TEMPORO-MANDIBULAR REGION 
Masseter. Temporal. 


Masseteric Fascia.—Covering the Masseter muscle, and firmly connected with 
it, is a strong layer of fascia, derived from the deep cervical fascia. Above, this 
fascia is attached to the lower border of the zygoma, and behind it covers the 
parotid gland, constituting the parotid fascia. 

The Masseter is exposed by the removal of this fascia (fig. 389); it is a short, 
thick muscle, somewhat quadrilateral in form, consisting of two portions, super- 
ficial and deep. The superficial portion, the larger, arises by a thick, tendinous 
aponeurosis from the malar process of the superior maxilla, and from the anterior 
two-thirds of the lower border of the zygomatic arch: its fibres pass down- 
wards and backwards, to be inserted into the angle and lower half of the outer 
surface of the ramus of the jaw. The deep portion is much smaller, and more 
muscular in texture; it arises from the posterior third of the lower border and 
the whole of the inner surface of the zygomatic arch ; its fibres pass downwards 
and forwards, to be inserted into the upper half of the ramus and outer surface 
of the coronoid process of the jaw. The deep portion of the muscle is partly 
concealed, in front, by the superficial portion ; behind, itis covered by the parotid 
gland. The fibres of the two portions are united at their insertion. 

Relations.—By its superficial surface, with the Zygomatici, the parotid gland 
and socia parotidis, and Stenson’s duct; the branches of the facial nerve and 
the transverse facial vessels, which cross it; the masseteric fascia ; the Risorius, 
Platysma myoides, and the integument. By its deep surface, with the Temporal 
muscle at its insertion, the ramus of the jaw, the Buccinator and the long 
buccal nerve, from which it is separated by a mass of fat. The masseteric 
nerve and artery enter it on its deep surface. Its posterior margin is overlapped 
by the parotid gland. Its anterior margin projects over the Buccinator muscle ; 
and the facial vein lies on it below. 

The Temporal fascia is seen, at this stage of the dissection, covering in the 
Temporal muscle. It is a strong, fibrous investment, covered, on its outer 
surface, by the Attrahens and Attollens auriculam muscles, the aponeurosis of the 
Occipito-frontalis, and by part of the Orbicularis palpebrarum. The temporal 
vessels and the auriculo-temporal nerve cross it from below upwards. Above, it 
is a single layer, attached to the entire extent of the upper temporal ridge ; but 
below, where it is attached to the zygoma, it consists of two layers, one of 
which is inserted into the outer, and the other into the inner border of the 
zygomatic arch. A small quantity of fat, the orbital branch of the temporal 
artery, and a filament from the orbital, or temporo-malar, branch of the superior 
=e Ai nerve, are contained between these two layers. Ft affords attachment 
by its inner surface to the superficial fibres of the Temporal musele. 


Dissection.—In order to expose the Temporal muscle, remove the temporal fascia, 
which may be effected by separating it at its attachment along the upper border of the 
zygoma, and dissecting it upwards from the surface of the muscle. The zygomatic arch 
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should then be divided, in front, at its junction with the malar bone; and, behind, near 
the external auditory meatus, and drawn downwards with the Masseter, which should be 
detached from its insertion into the ramus and angle of the jaw. The whole extent of the 
Temporal muscle is then exposed. 


The Temporal (fig. 393) is a broad, radiating muscle, situated at the side of 
the head, and occupying the entire extent of the temporal fossa. It arises from 
the whole of the temporal fossa except that portion of it which is formed by 
the malar bone. Its attachment extends from the external angular process of 
the frontal in front, to the mastoid portion of the temporal behind ; and from the 
curved line on the frontal and parietal bones above, to the pterygoid ridge on the 
great wing of the sphenoid below. It also arises from the inner surface of the 
temporal fascia. Its fibres converge as they descend, and terminate in an apo- 
neurosis, the fibres of which, radiated at its commencement, converge into a thick 
and flat tendon, which is inserted into the inner surface, apex, and anterior border 
of the coronoid process of the jaw, nearly as far forwards as the last molar tooth. 


Fic. 393.—The Temporal muscle ; the zygoma and Masseter having been removed. 
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Relations.—By its superficial surface, with the integument, the temporal 
fascia, the Attrahens and Attollens auriculam muscles, the temporal vessels and 
nerves, the aponeurosis of the Occipito-frontalis, the temporal fascia, the zygoma, 
and Masseter. By its deep surface, with the temporal fossa, the External 
pterygoid and part of the Buccinator muscles, the internal maxillary artery, its 
deep temporal branches, the deep temporal nerves, and the buccal vessels and 
nerve. Behind the tendon are the masseteric vessels and nerve. Its anterior 
border is separated from the malar bone by a mass of fat. 

Nerves,—Both muscles are supplied by the inferior maxillary nerve. 
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X. PTERYGO-MANDIBULAR REGION (fig. 394). 


External pterygoid. Internal pterygoid. 


Dissection.—The Temporal muscle having been examined, saw through the base of the 
coronoid process, and draw it upwards, together with the Temporal muscle, which should 
be detached from the surface of the temporal fossa. Divide the ramus of the jaw just 
below the condyle, and also, by a transverse incision extending across the middle, just 
mies smin foramen ; remove the fragment of bone, and the Pterygoid muscles will 

e exposed. 
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The External pterygoid is a short, thick muscle, somewhat conical in form, 
which extends almost horizontally between the zygomatic fossa and the condyle 
of the jaw. It arises by two heads, separated by a slight interval: the upper 
arises from the inferior portion of the external surface of the greater wing of the 
sphenoid and from the pterygoid ridge, which separates the zygomatic from the 
temporal fossa ; the lower from the outer surface of the external pterygoid plate. 
Its fibres pass horizontally backwards and outwards, to be inserted into a 
depression in front of the neck of the condyle of the lower jaw, and into the 
corresponding part of the interarticular fibro-cartilage of the temporo-mandibular 
articulation. 

Relations.—By its external surface, with the ramus of the lower jaw, the 
internal maxillary artery, which crosses it,* the tendon of the Temporal muscle 
and the Masseter. By its internal surface, it rests against the upper part of 
the Internal pterygoid, the internal lateral ligament, the middle meningeal 
artery, and inferior maxillary nerve; by its upper border it is in relation with 
the temporal and masseteric branches of the inferior maxillary nerve ; by its 
lower border it is in relation with the inferior dental and gustatory nerves. 


Fie. 394.—The Pterygoid muscles; the zygomatic arch and a portion of the 
ramus of the jaw having been removed. 
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Through the interval between the two portions of the muscle, the buccal nerve 
emerges and the internal maxillary artery passes, when the trunk of this vessel 
lies on the lower part of the muscle (see fig. 394). 

The Internal pterygoid is a thick quadrilateral muscle, and resembles the 
Masseter in form. It arises from the pterygoid fossa, being attached to the inner 
surface of the external pterygoid plate, and to the grooved surface of the tuberosity 
of the palate bone, and by a second slip from the outer surface of the tuberosities 
of the palate and superior maxillary bones ; its fibres pass downwards, outwards, 
and backwards, to be inserted, by a strong tendinous lamina, Into the lower and 
back part of the inner side of the ramus and angle of the lower jaw, as high as 
the dental foramen. 

Relations.—By its external surface, with the ramus of the lower jaw, from 
which it is separated, at its upper part, by the External pterygoid, the internal 
lateral ligament, the internal maxillary artery, the dental vessels and nerves, 
the lingual nerve, and a process of the parotid gland. By its internal surface, 
with the Tensor palati, being separated from the Superior constrictor of the 
pharynx by a cellular interval. egg 

Wiles. = Thee muscles are supplied by the inferior maxillary nerve. 


* In many cases the artery will be found under cover of the muscle. 
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Actions.—-The Temporal, Masseter, and Internal pterygoid raise the lower 
jaw against the upper with great force. The superficial portion of the Masseter 
assists the External pterygoid in drawing the lower jaw forwards upon the upper ; 
the jaw being drawn back again by the deep fibres of the Masseter, and posterior 
fibres of the Temporal. The External pterygoid muscles are the direct agents in 
the trituration of the food, drawing the lower jaw directly forwards, so as to make 
the lower teeth project beyond the upper. If the muscle of one side acts, the 
corresponding side of the jaw is drawn forwards, and the other condyle remaining 
comparatively fixed, the symphysis deviates to the opposite side. The alternation 
of these movements on the two sides produces trituration. 


Surface Form.—The outline of the muscles of the head and face cannot be traced on 
the surface of the body, except in the case of'two of the masticatory muscles. Those of 
the head are thin, so that the outline of the bone is perceptible beneath them. Those of 
the face are small, covered by soft skin, and often by a considerable layer of fat, so that 
their outline is concealed ; but they serve to round off and smooth prominent borders, and 
to fill up what would be otherwise unsightly angular depressions. Thus, the Orbicularis 
palpebrarum rounds off the prominent margin of the orbit, and the Pyramidalis nasi fills 
in the sharp depression beneath the glabella, and thus softens and tones down the abrupt 
depression which is seen on the unclothed bone. In like manner, the labial muscles, 
converging to the lips, and assisted by the superimposed fat, fill in the sunken hollow of 
the lower part of the face. Although the muscles of the face are usually described as 
arising from the bones, and inserted into the nose, lips, and corners of the mouth, they 
have fibres inserted into the skin of the face along their whole extent, so that almost 
every point of the skin of the face has its muscular fibre to move it; hence it is that 
when in action the facial muscles produce alterations in the skin-surface, giving rise to the 
formation of various folds or wrinkles, or otherwise altering the relative position of parts, 
so as to produce the varied expressions with which the face is endowed; these muscles 
are therefore termed the ‘ Muscles of expression.’ The only two muscles in this region 
which greatly influence surface-form are the Masseter and the Temporal. The Masseter is 
a quadrilateral muscle, which imparts fulness to the hinder part of the cheek. -When the 
muscle is firmly contracted, as when the teeth are clenched, its outline is plainly visible ; 
the anterior border forms a prominent vertical ridge, behind which is a considerable 
fulness, especially marked at the lower part of the muscle; this fulness is entirely lost 
when the mouth is opened, and the muscle no longer in a state of contraction. The 
Temporal muscle is fan-shaped, and fills the Temporal fossa, substituting for it a some- 
what convex form, the anterior part of which, on account of the absence of hair over the 


temple, is more marked than the posterior, and stands out in strong relief when the 
muscle is in a state of contraction. 


MUSCLES AND FASCILZ OF THE NECK 


The Muscles of the Neck may be arranged into groups, corresponding with 
the region in which they are situated. 
These groups are nine in number : 


I. Superficial Region. V. Pharyngeal Region. 
II. Infrahyoid Region. VI. Palatal Region. 
IIT. Suprahyoid Region. VII. Anterior Vertebral Region. 
TV. ieme | Region. VIII. Lateral Vertebral Region. 


IX. Muscles of the Larynx. 
The muscles contained in each of these groups are the following : 


I. Superficial Region. 


Platysma myoides. Sterno-cleido-mastoid. 

IT. Infrahyoid Region. III. Suprahyoid Region. 
Sterno-hyoid. Digastric. 
Sterno-thyroid. Stylo-hyoid. 
Thyro-hyoid. Mylo-hyoid. 


Omo-hyoid. Genio-hyoid. 
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IV. Lingual Region. VI. Palatal Region. 

3 (Genio-hyo-glossus. Levator palati. 

a | Hyo-glossus. Tensor palati. 

-E 4 Chondro-glossus. Azygos uvule. 

+ | Stylo-glossus. Palato-glossus. 

FA \Palato-glossus. Palato-pharyngeus. 

.§ ,Superior lingualis. Salpingo-pharyngeus. 

= |Inferior lingualis. 

E Transverse lingualis. VII. Anterior Vertebral Regon. 

S \Vertical lingualis. Rectus capitis anticus major. 


Rectus capitis anticus minor. 


V. Pharyngeal Region. Rectus capitis lateralis. 
Inferior constrictor. Longus colli. 
Middle constrictor. 
Superior constrictor. VIII. Lateral Vertebral Region. 
Stylo-pharyngeus. Scalenus anticus. 
Palato-pharyngeus. Scalenus medius. 
Salpingo-pharyngeus. Scalenus posticus. 


IX. Muscles of the Laryna. 
Included in the description of the Larynx. 


I. SUPERFICIAL CERVICAL REGION 
Platysma myoides. Sterno-cleido-mastoid. 


Dissection.—A block having been placed at the back of the neck, and the face turned 
to the side opposite that to be dissected, so as to place the parts upon the stretch, make 
two transverse incisions : one from the chin, along the margin of the lower jaw, to the 
mastoid process; and the other along the upper border of the clavicle. Connect these by 
an oblique incision made in the course of the Sterno-mastoid musele, from the mastoid 
process to the sternum ; the two flaps of integument having been removed in the direction 
shown in fig. 388, the superficial fascia will be exposed. 


The Superficial cervical fascia is a thin aponeurotic lamina, which is hardly 
demonstrable as a separate membrane. Beneath it is found the Platysma 
myoides muscle. 

The Platysma myoides (fig. 389) is a broad, thin plane of muscular fibres, 
placed immediately beneath the superficial fascia on each side of the neck. It 
arises by thin, fibrous bands from the fascia cone, the upper part of the 
Pectoral and Deltoid muscles; its fibres pass over the clavicle, and proceed 
obliquely upwards and inwards along the side of the neck. The anterior fibres 
mia, below and behind the symphysis menti, with the fibres of the muscle 
of the opposite side ; the posterior fibres pass over the lower jaw, some: of them 
being attached to the bone below the external oblique line, others passing on to be 
inserted into the skin and subcutaneous tissue of the lower part of the face, many 
of these fibres blending with the muscles about the angle and lower part of the 
mouth. Sometimes fibres can be traced to the Zygomatic muscles, or to the 
margin of the Orbicularis oris. Beneath the Platysma, the external jugular vein 
may be seen descending from the angle of the jaw to the clavicle. — — — 

Relations.—By its external surface, with the integument, to which it is united 
more closely below than above. By its internal surface, with the Pectoralis 
major and Deltoid, and with the clavicle. In the neck, with the external and 
anterior jugular veins, the deep cervical fascia, the superficial branches of the 
cervical plexus, the Sterno-mastoid, Sterno-hyoid, Omo-hyoid, and Digastric 
muscles. Behind the Sterno-mastoid muscle, it covers in the posterior triangle 
of the neck. On the face, it is in relation with the parotid gland, the facial 
artery and vein, and the Masseter and Buccinator muscles. | 

Actions.—The Platysma myoides produces a slight wrinkling of the surface of 
the skin of the neck, in an oblique direction, when the entire muscle is brought 
into action. Its anterior portion, the thickest part of the muscle, depresses the 
lower jaw; it also serves to draw down the lower lip and angle of the mouth 
on each side, being one of the chief agents in the expression of melancholy. — 

The Deep cervical fascia (fig. 395) lies under cover of the Platysma myoides 
muscle and constitutes a complete investment for the neck. It also forms a 
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sheath for the carotid vessels, and, in addition, is prolonged deeply in the shape 
of certain processes or lamellæ, which come into close relation with the structures 
situated in front of the vertebral column. 

The investing portion of the fascia is attached behind to the ligamentum 
nuche and to the spine of the seventh cervical vertebra. It forms a thin invest- 
ment to the Trapezius muscle, and at its anterior border is continued forwards 
as a rather loose areolar layer, covering the posterior triangle of the neck, to the 
posterior border of the Sterno-mastoid muscle, where it begins to assume the 
appearance of a true fascia. Along the hinder edge of this muscle it divides to 


Fic. 395.—Section of the neck at about the level of the sixth cervical vertebra. 
Showing the arrangement of the deep cervical fascia. 
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enclose it, and at the anterior margin again forms a single lamella, which roofs in 
the anterior triangle of the neck, and, reaching forwards to the middle line, is 
continuous with the corresponding part from the opposite side of the neck. In 
the middle line of the neck it is attached to the symphysis menti and body of the 
hyoid bone. 

Above, the fascia is attached to the superior curved line of the occiput, to the 
mastoid process of the temporal, and to the whole length of the body. of the jaw. 
Opposite the angle of the jaw the fascia is very strong, and binds the anterior 
edge of the Sterno-mastoid firmly to that bone. Between the jaw and the 
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mastoid process it ensheathes the parotid gland—the layer which covers the 
gland extending upwards under the name of the parotid fuscia to be fixed to the 
zygomatic arch. From the layer which passes under the parotid a strong band 
extends upwards to the styloid process, forming the stylo-mandibular ligament. 
From this three prolongations form: the internal lateral ligament of the lower 
jaw, the pterygo-mandibular and the pterygo-spinous ligaments. The latter of 
these three, the pterygo-spinous ligament, is 2 membranous band which stretches 
across from the upper half of the posterior free border of the external pterygoid 
plate to the spinous process of the sphenoid bone. It occasionally ossifies, and 
produces an adventitious foramen between its upper border and the base of 
the skull, through which pass the branches of the third division of the fifth nerve, 
which supply the muscles of mastication. 

Below, the fascia is attached to the acromion process, the clavicle, and manu- 
brium sterni. Some little distance above the last, however, it splits into two 
layers, superficial and deep. The former is attached to the anterior border of the 
manubrium, the latter to its posterior border and to the interclavicular ligament. 
Between these two layers is a slit-like interval, the suprasternal space, or space of 
Burns. It contains a small quantity of areolar tissue, and sometimes a lymphatic 
gland; the lower portions of the anterior jugular veins and their transverse 
connecting branch; and also the sternal heads of the Sterno-mastoid muscles. 

The fascia which lines the deep aspect of the Sterno-mastoid gives off certain 
important processes, viz.: (1) A process to envelop the tendon of the Omo-hyoid, 
and bind 1t down to the sternum and first costal cartilage. (2) A strong sheath, 
the carotid sheath, which encloses the carotid artery, internal jugular vein, and 
the vagus nerve. (3) The prevertebral fascia, which extends inwards behind the 
carotid vessels, where it assists in forming their sheath, and passes in front of the 
prevertebral muscles. It thus forms the posterior limit of a fibrous compartment, 
which contains the larynx and trachea, the thyroid gland, and the pharynx and 
cesophagus. The prevertebral fascia is fixed above to the base of the skull, 
while below it is continued into the thorax in front of the Longus colli muscles. 
Parallel to the carotid vessels and along their inner aspect the prevertebral fascia 
gives off a thin lamina, the bucco-pharyngeal fascia, which closely invests the 
Constrictor muscles of the pharynx, and is continued forward from the Superior 
constrictor on to the Buccinator. It is attached to the prevertebral layer by loose 
connective tissue only, and thus an easily distended space, the retro-pharyngeal 
space, is found between them. This space is limited above by the base of the 
skull, while below it extends behind the cesophagus into the thorax, where it is 
continued into the posterior mediastinum. The prevertebral fascia is prolonged 
downwards and outwards behind the carotid vessels and in front of the Scaleni 
muscles, and forms a sheath for the brachial nerves and subclavian vessels 
in the posterior triangle of the neck, and, continued under the clavicle as the 
axillary sheath, is attached to the deep surface of the costo-coracoid membrane. 
Immediately above the clavicle an areolar space exists between the investing 
layer and the sheath of the subclavian vessels, and in it are found the lower part 
of the external jugular vein, the descending clavicular nerves, the suprascapular 
and transversalis colli vessels, and the posterior belly of the Omo-hyoid muscle. 
This space extends downwards behind the clavicle, and is limited below by the 
fusion of the costo-coracoid membrane with the anterior wall of the axillary 
sheath. (4) The pretracheal fascia, which extends inwards in front of the 
carotid vessels, and assists in forming the carotid sheath. It is further continued 
behind the depressor muscles of the hyoid bone, and, after enveloping the thyroid 
body, is prolonged in front of the trachea to meet the corresponding layer of the 
opposite side. Above,.it is fixed to the hyoid bone, while below it is carried 
downwards in front of the trachea and large vessels at the root of the neck, and 
ultimately blends with the fibrous pericardium. 


Surgical Anatomy.—The cervical fascia is of considerable importance from a surgical 
point of view. As will be seen from the foregoing description, it may be divided into 
three layers: (1) a superficial layer; (2) a layer passing in front of the trachea, and 
forming with the superficial layer a sheath for the depressors of the hyoid bone; (3) a 
prevertebral layer passing in front of the bodies of the cervical vertebre, and forming 
with the second layer a space in which is contained the trachea, esophagus, &e. The 
superficial layer forms a complete investment for the neck. It is attached behind to the 
ligamentum nuche and the spine of the seventh cervical vertebra: above, it is fixed 
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to the external occipital protuberance, to the superior curved line of the occiput, to the 
mastoid process, to the zygoma and the lower jaw; below, it is attached to the manubrium 
sterni, the clavicle, the acromion process, and the spine of the scapula ; in front, it blends 
with the fascia of the opposite side. This layer would oppose the extension of abscesses 
or new growths towards the surface, and pus forming beneath it would have a tendency 
to extend laterally. If the pus is in the posterior triangle, it might extend backwards 
under the Trapezius, forwards under the Sterno-mastoid, or downwards under the clavicle 
for some distance, until stopped by the junction of the cervical fascia to the costo-coracoid 
mémbrane. If it is contained in the anterior triangle, it might find its way into the 
anterior mediastinum, being situated in front of the layer of fascia which passes down into 
the thorax to become continuous with the pericardium ; but owing to the less density and 
thickness of the fascia in this situation it more frequently finds its way through it and 
points above the sternum. The second layer of fascia is connected above with the hyoid 
bone. It passes down beneath the depressors and in front of the thyroid body and 
trachea, to become continuous with the fibrous layer of the pericardium. Laterally it 
invests the great vessels of the neck and is connected with the superficial layer beneath 
the Sterno-mastoid. Pus forming beneath this layer would in all probability find its way 
into the posterior mediastinum. The third layer (the prevertebral fascia) is connected 
above to the base of the skull. Pus forming beneath this layer, in cases, for instance, of 
caries of the bodies of the cervical vertebra, might extend towards the posterior and lateral 
part of the neck and point in this situation, or might perforate this layer of fascia and 
the pharyngeal fascia and point into the pharynx (retro-pharyngeal abscess). 

In cases of cut throat the cervical fascia is of considerable importance. When the 
wound involves only the superficial layer the injury is usually trivial, the special danger 
being injury to the external jugular vein, and the special complication diffuse cellulitis. 
But where the second of the two layers is opened up, important structures may be injured, 
and lead to serious results. 

It may be worth while mentioning that in Burns’s space is contained the sternal 
head of origin of the Sterno-mastoid muscle, so that this space is opened in division of 
this tendon. The anterior jugular vein is also contained in the same space. 


The Sterno-mastoid or Sterno-cleido-mastoid (fig. 396) is a large, thick muscle, 
which passes obliquely across the side of the neck, being enclosed between the 
two laminæ of the investing layer of the deep cervical fascia. It is thick and 
narrow at its central part, but is broader and thinner at each extremity. It 
arises, by two heads, from the sternum and clavicle. The sternal portion is a 
rounded fasciculus, tendinous in front, fleshy behind, which arises from the upper 
and anterior part of the first piece of the sternum, and is directed upwards, 
outwards, and backwards. The clavicular portion arises from the inner third of 
the superior border and anterior surface of the clavicle, being composed of fleshy 
and aponeurotic fibres; it is directed almost vertically upwards. These two 
portions are separated from one another, at their origin, by a triangular interval, 
but become gradually blended, below the middle of the neck, into a thick, rounded 
muscle, which is inserted, by a strong tendon, into the outer surface of the 
mastoid process, from its apex to its superior border, and by a thin aponeurosis 
into the outer half of the superior curved line of the occipital bone. The Sterno- 
mastoid varies much in its extent of attachment to the clavicle: in one case the 
clavicular may be as narrow as the sternal portion; in another, as much as three 
inches in breadth. When the clavicular origin is broad, it is occasionally sub- 
divided into numerous slips, separated by narrow intervals. More rarely, the 
corresponding margins of the Sterno-mastoid and Trapezius have been found in 
contact. In the application of a ligature to the third part of the subclavian 
artery,.it will be necessary, where the muscles come close together, to divide a 
portion of one or of both. 

This muscle divides the quadrilateral space at the side of the neck into two 
triangles, an anterior and a posterior. The boundaries of the anterior triangle 
are, in front, the median line of the neck ;. above, the lower border of the body of 
the jaw, and an imaginary line drawn from the angle of the jaw to the Sterno- 
mastoid ; behind, the anterior border of the Sterno-mastoid muscle. The apex 
of the triangle is at the upper border of the sternum. The boundaries of the 
posterior triangle are, in front, the posterior border of the Sterno-mastoid ; below, 
the middle third of the clavicle; behind, the anterior margin of the Trapezius.* 
The apex corresponds with the meeting of the Sterno-mastoid and Trapezius on 
the occipital bone. 


* The anatomy of these triangles will be more exactly described with that of the 
vessels of the neck. 
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Relations.—By its superficial surface, with the integument and Platysma, 
from which it is separated by the external jugular vein, several of the superficial 
branches of the cervical plexus, and the anterior layer of the deep cervical fascia. 
By its deep surface, it is in relation with the Sterno-clavicular articulation ; a 
process of the deep cervical fascia ; the Sterno-hyoid, Sterno-thyroid, Omo-hyoid, 
posterior belly of the Digastric, Levator anguli scapulw, Splenius and Scaleni 
muscles ; common carotid artery, internal and anterior jugular veins, commence- 
ment of the internal and external carotid arteries, the occipital, subclavian, 
transversalis colli, and suprascapular arteries and veins; the phrenic, pneumo- 
gastric, hypoglossal, descendens and communicantes hypoglossi nerves; the 
spinal accessory nerve, which pierces its upper third; the cervical plexus, 
parts of the thyroid and parotid glands and deep lymphatic glands. 


Fic. 396.— Muscles of the neck, and boundaries of the triangles. 
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Nerves.— The Platysma myoides is supplied by the facial nerve ; the Sterno- 
cleido-mastoid by the spinal accessory and branches from the anterior primary 
divisions of the second and third cervical nerves. 

Actions When only one Sterno-mastoid muscle acts, it draws the head 
towards the shoulder of the same side, assisted by the Splenius and the Obliquus 
capitis inferior of the opposite side. At the same time it rotates the head so as 
to carry the face towards the opposite side. If the head is fixed, the two muscles 
assist in elevating the thorax in forced inspiration. 
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Surface Form.—The anterior edge of the muscle forms a very prominent ridge 
beneath the skin, which it is important to notice, as it constitutes a guide to the surgeon 
in making the necessary incisions for ligature of the common carotid artery, and for 
ee: Hintemy.—The surgical anatomy of the Sterno-mastoid muscle is of impor- 
tance in connection with the deformity known as wry-neck, which is due to a paralytic 
or spastic condition of this muscle. The wry-neck may be temporary, as the result of 
direct irritation of the muscle or of the nerves which supply it, and may occur in acute 
glandular enlargement, cellulitis of the neck, myositis of the muscle, or cervical caries. 
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Or it may be permanent, and is then very often due to injury to the muscle during birth, 
especially in breech presentations; rupture of the muscle and subsequent cicatricial 
contraction taking place. 

In these cases, division of the muscle is often necessary to effect a cure, and this may 
be done either subcutaneously or through an open wound. The subcutaneous method is 
thus performed: The external jugular and anterior jugular veins having been, if possible, 
defined, a tenotomy knife is introduced close to the margin of one tendon of origin of the 
muscle, about half an inch above the clavicle, and the tenotome passed flat behind the 
tendon and then turned forwards, and the tendon divided from behind forwards while the 
muscle is put well upon the stretch by an assistant. The other tendon is then divided in 
a similar manner. In dividing the clavicular origin, it is always desirable to introduce 
the tenotome along the posterior border, in order to avoid the external jugular vein. The 
open method is, however, much to be preferred, as being the more effectual and the less 
dangerous, if precautions are taken to keep the wound aseptic. The tendons of origin are 
freely exposed by a horizontal incision across the root of the neck and carefully divided ; 
any tense bands of fascia which can be felt should also be divided. The wound is now 
sutured and dressed, and the head fixed in a perfectly straight position by a plaster-of- 
Paris bandage. 


II. Inrranyorp REGION (figs. 396, 397) 


Sterno-hyoid. Thyro-hyoid. 
Sterno-thyroid. Omo-hyoid. 


Dissection.—The muscles in this region may be exposed by removing the deep fascia 
from the front of the neck. In order to see the entire extent of the Omo-hyoid, it is 
necessary to divide the Sterno-mastoid at its centre, and turn its ends aside, and to detach 
the Trapezius from the clavicle and scapula. This, however, should not be done until the 
Trapezius has been dissected. 


The Sterno-hyoid is a thin, narrow, riband-like muscle, which arises from 
the inner extremity of the clavicle, the posterior sterno-clavicular ligament, and 
the upper and posterior part of the manubrium sterni; passing upwards and 
inwards, it is inserted, by short, tendinous fibres, into the lower border of the 
body of the os hyoides. This muscle is separated, below, from its fellow by a 
considerable interval; but the two muscles come into contact with one another 
in the middle of their course, and from this upwards, lie side by side. It some- 
times presents, immediately above its origin, a transverse tendinous intersection, 
like those in the Rectus abdominis. 

pe its superficial surface, below, with the sternum, the sternal 
end of the clavicle, and the Sterno-mastoid ; and above, with the Platysma and 
deep cervical fascia. By its deep surface, with the Sterno-thyroid, Crico-thyroid, 
and Thyro-hyoid muscles, the thyroid gland, the superior thyroid vessels, the 
thyroid cartilage, the crico-thyroid and thyro-hyoid membranes. Usually two 
burse are found between the crico-thyroid membrane and the under surface of 
this muscle. Occasionally there is only one, and in some instances no bursa at 
all. They are called the Sterno-hyoid burse. 

The Sterno-thyroid is shorter and wider than the preceding muscle, beneath 
which it is situated. It arises from the posterior surface of the manubrium 
sterni, below the origin of the Sterno-hyoid, and from the edge of the cartilage 
of the first rib, and sometimes of the second rib also; and is inserted into the 
oblique line on the side of the ala of the thyroid cartilage. This muscle is in 
close contact with its fellow at the lower part of the neck; and is occasionally 
traversed by a transverse or oblique tendinous intersection like those in the 
Rectus abdominis. | 

Relations.— By its anterior surface, with the Sterno-hyoid, Omo-hyoid, and 
Sterno-mastoid. By its posterior surface, from below upwards, with the trachea, 
vena innominata, common carotid (and on the right side the arteria innominata) 
the thyroid gland and its vessels, and the lower parts of the larynx and pharynx. 
The inferior thyroid vein lies along its inner border, a relation which it is 
important to remember in the operation of tracheotomy. On the left side the 
deep surface of the muscle is in relation to the cesophagus. 

The Thyro-hyoid is a small, quadrilateral muscle appearing like a continuation 
of the Sterno-thyroid. It arises from the oblique line on the side of the thyroid 
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cartilage, and passes vertically upwards to be inserted in r 
the body and greater cornu of giesoid bone. a O 

Relations.—By its external surface, with the Sterno-hyoid and Omo-hyoid 
muscles. By its internal surface, with the thyroid cartilage, the thyro-hyoid 
membrane, and the superior laryngeal vessels and nerve. 

The Omo-hyoid passes across the side of the neck, from the scapula to the 
hyoid bone. It consists of two fleshy bellies, united by a central tendon. It 
arises from the upper border of the scapula, and occasionally from the transverse 
ligament which crosses the suprascapular notch; its extent of attachment to 
the scapula varying from a few lines to an inch. From this origin, the posterior 
belly forms a flat, narrow fasciculus, which inclines forwards and slightly upwards 
across the lower part of the neck, being bound down to the clavicle by a fibrous 
expansion, and passing behind the Sterno-mastoid muscle, it becomes tendinous - 
it then changes its direction, forming an obtuse angle, and terminates in the 
anterior belly, which passes almost vertically upwards, close to the outer border 


Fra. 397.— Muscles of the neck. Anterior view. 
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of the Sterno-hyoid, to be inserted into the lower border of the body of the os 
hyoides, just external to the insertion of the Sterno-hyoid. The central tendon 
of this muscle, which varies much in length and form, is held in position by a 
aes of the deep cervical fascia, which sheathes it. This process is prolonged 

own, to be attached to the clavicle and first rib. It is by this means that the 
angular form of the muscle is maintained. 

This muscle subdivides each of the two large triangles at the side of the neck 
into two smaller triangles; the two posterior ones being the posterior superior 
or occipital, and the posterior inferior or subclavian triangles ; the two anterior, 
the anterior superior or carotid, and the anterior inferior or muscular triangles. 

Relations.—By its superficial surface, with the Trapezius, the Sterno-mastoid, 
deep cervical fascia, Platysma, and integument. By its deep swrfacé, with the 
Scaleni muscles, phrenic nerve, lower cervical nerves, which go to form the 
brachial plexus, the suprascapular vessels and nerve, sheath of the common 
carotid artery and internal jugular vein, the Sterno-thyroid and Thyro-hyoid 
muscles. 

GG 
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Nerves.—The Thyro-hyoid and anterior belly of the Omo-hyoid are supplied 
by the descendens hypoglossi; the Sterno-hyoid, Sterno-thyroid, and posterior 
belly of the Omo-hyoid, by branches from the loop of communication between the 
descendens and communicantes hypoglossi. 

Actions.—These muscles depress the larynx and hyoid bone, after they have 
been drawn up with the pharynx in the act of deglutition. The Omo-hyoid 
muscles not only depress the hyoid bone, but carry it backwards, and to one or 
the other side. It is concerned especially in prolonged inspiratory efforts ; for 
by tensing the lower part of the cervical fascia it lessens the inward suction of 
the soft parts, which would otherwise compress the great vessels and the 
apices of the lungs. The Thyro-hyoid may act as an elevator of the thyroid 
cartilage, when the hyoid bone ascends, drawing upwards the thyroid cartilage, 
behind the os hyoides. The Sterno-thyroid acts as a depressor of the thyroid 
cartilage. 


lil. Supranyom Recron (figs. 396, 397) 


Digastric. Mylo-hyoid. 
Stylo-hyoid. Genio-hyoid. 


Dissection.—To dissect these muscles, a block should be placed bencath the back of 
the neck, and the head drawn backwards, and retained in that position. On the removal 
of the deep fascia, the muscles are at once exposed. 


The Digastric consists of two fleshy bellies united by an intermediate, 
rounded tendon. It is a small muscle, situated below the side of the body of the 
lower jaw, and extending, in a curved form, from the side of the head to the 
symphysis of the jaw. The posterior belly, longer than the anterior, arises from 
the digastric groove on the inner side of the mastoid process of the temporal 
bone, and passes downwards, forwards, and inwards. The anterior belly arises 
from a depression on the inner side of the lower border of the jaw, close to the 
symphysis, and passes downwards and backwards. The two bellies terminate 
in the central tendon which perforates the Stylo-hyoid muscle, and is held in 
connection with the side of the body and the greater cornu of the hyoid bone by 
a fibrous loop, lined by a synovial membrane. A broad aponeurotic lane is given 
off from the tendon of the Digastric on each side, which is attached to the ody 
and great cornu of the hyoid bone; this is termed the suprahyoid aponeurosis. 
It forms a strong layer of fascia between the anterior portion of the two muscles, 
and a firm investment for the other muscles of the suprahyoid region which lie 
deeper. 

The Digastric muscle divides the anterior superior triangle of the neck into 
two smaller triangles ; the upper, or submaxillary, being bounded, above, by the 
lower border of the body of the jaw, and a line drawn from its angle to the 
mastoid process ; below, by the posterior belly of the Digastric and the Stylo- 
hyoid museles ; in front, by the anterior belly of the Digastric: the lower or 
carotid triangle being bounded above by the posterior belly of the Digastric, 
behind by the Sterno-mastoid, below by the Omo-hyoid. 

Relations.—By its superficial surface, with the Mastoid process, the Platysma, 
Sterno-mastoid, part of the Splenius, Trachelo-mastoid, and Stylo-hyoid muscles, 
and the parotid gland. By its deep surface, the anterior belly lies on the Mylo- 
hyoid; the posterior belly on the Stylo-glossus, Stylo-pharyngeus, and five. 
glossus muscles, the external carotid artery and its occipital, lingual, facial, 
and ascending pharyngeal branches, the internal carotid artery, internal jugular 
vein, and hypoglossal nerve. 

The Stylo-hyoid is a small, slender muscle, lying in front of, and above, the 
posterior belly of the Digastric. It arises from the back and outer surface of the 
styloid process, near the base; and, passing downwards and forwards, is inserted 
into the body of the hyoid bone, just at its junc:ion with the greater cornu, and 
just above the Omo-hyoid. This muscle is perforated, near its insertion, by the 
tendon of the Digastric. 

Relations.—By its superficial surface, above with the parotid gland and deep 
cervical fascia ; below it is superficial, being situated immediately beneath the 
deep cervical fascia, By its deep surface, with the posterior belly of the Digastrie, 
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the external carotid artery, with its lingual and facial branches, the Hyo-glossus 
muscle, and the hypoglossal nerve. 

The Stylo-hyoid ligament.—In connection with the Stylo-hyoid muscle ma 
be described a ligamentous band, the Stylo-hyoid ligament. It is a fibrous cor 
often containing a little cartilage in its centre, which continues the styloid process 
down to the hyoid bone, being attached to the tip of the former and the small 
cornu of the latter. It is often more or less ossified, and in many animals forms 
a distinct bone, the epzhyal. 


The anterior belly of the Digastric should be removed, in order to expose the next 
muscle. 


The Mylo-hyoid isa flat, triangular musele, situated immediately beneath the 
anterior belly.of the Digastric, and forming, with its fellow of the opposite side, 
a muscular floor for the cavity of the mouth. It arises from the whole length of 
the mylo-hyoid ridge of the lower jaw, extending from the symphysis in front to 
the last molar tooth behind. The posterior fibres pass inwards and slightly 
downwards, to be inserted into the body of the os hyoides. The middle and 
anterior fibres are inserted into a median fibrous raphé, extending from the 
symphysis of the lower jaw to the hyoid bone, where they join at an angle 
with the fibres of the opposite muscle. This median raphé is sometimes 
wanting; the muscular fibres of the two sides are then directly continuous 
with one another. 

Relations.—By its cutaneous or under surface, with the Platysma, the anterior 
belly of the Digastric, the suprahyoid aponeurosis, the submaxillary gland, sub- 
mental vessels, and mylo-hyoid vessels and nerve. Byits deep or superior surface, 
with the Genio-hyoid, part of the Hyo-glossus, and Stylo-glossus muscles, the 
hypoglossal and lingual nerves, the submaxillary ganglion, the sublingual gland, 
the deep portion of the submaxillary gland and Wharton’s duct; the sublingual 
and ranine vessels, and the buccal mucous membrane. 


Dussection.—The Mylo-hyoid should now be removed, in order to expose the muscles 
which lie beneath ; this is effected by reflecting it from its attachments to the hyoid bone 
and jaw, and separating it by a vertical incision from its fellow of the opposite side. 


The Genio-hyoid is a narrow, slender muscle, situated immediately beneath* 
the inner border of the preceding. It arises from the inferior genial tubercle on 
the inner side of the symphysis of the jaw, and passes downwards and backwards, 
to be inserted into ihe anterior surface of the body of the os hyoides. This 
muscle lies in close contact with its fellow of the opposite side, and increases 
slightly in breadth as it descends. 

Relations.—It is covered by the Mylo-hyoid, and lies along the lower border 
of the Genio-hyo-glossus. l 

Nerves.—The Mylo-hyoid and anterior belly of the Digastric are supplied by 
the mylo-hyoid branch of the inferior dental ; the Stylo-hyoid and posterior belly 
of the Digastric, by the facial; the Genio-hyoid, by the hypoglossal. 

Actions.—This group of muscles performs two very important actions. They 
raise the hyoid bone, and with it the base of the tongue, during the act of degluti- 
tion ; or, when the hyoid bone is fixed by its depressors and those of the larynx, 
they depress the lower jaw. During the first act of deglutition, when the mass 
of food is being driven from the mouth into the pharynx, the hyoid bone, and 
with it the tongue, is carried upwards and forwards by the anterior belly of the 
Digastric, the Mylo-hyoid, and Genio-hyoid muscles. In the second act, when 
the mass is passing through the pharynx, the direct elevation of the hyoid bone 
takes place by the combined action of all the muscles ; and after the food has 
passed, the hyoid bone is carried upwards and backwards by the posterior 
belly of the Digastric and Stylo-hyoid muscles, which assist in preventing its 
return into the mouth. 


* This refers to the depth of the muscles from the skin in the order of dissection. In 
the erect position of the body each of these muscles lies above the preceding. 
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IV. Linauat REGION 


Genio-hyo-glossus. Chondro-glossus. 
Hyo-glossus. Stylo-glossus. 
Palato-glossus. 


Dissection.—After completing the dissection of the preceding muscles, saw through 
the lower jaw just external to the symphysis. Then draw the tongue forwards, and 
attach it, by a stitch, to the nose; when its muscles, which are thus put on the stretch, 
may be examined. 


The Genio-hyo-glossus has received its name from its triple attachment to the 
jaw, hyoid bone, and tongue, but its connection with the hyoid bone is very slight 
or altogether absent. It is a flat, triangular muscle, placed vertically close to 
the middle line, its apex corresponding with its point’ of origin from the lower 
jaw, its base with its insertion into the tongue and hyoid bone. It arises by a 
short tendon from the superior genial tubercle on the inner side of the symphysis 


Fria. 398.—Muscles of the tongue. Left side. 
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of the jaw, immediately above the Genio-hyoid; from this point the muscle 
spreads out in a fan-like form, a few of the inferior fibres extending downwards, 
to be attached by a thin aponeurosis into the upper part of the body of the hyoid 
bone, a few fibres passing between the Hyo-glossus and Chondro-glossus to 
blend with the Constrictor muscles of the pharynx ; the middle fibres passing 
backwards, and the superior ones upwards and forwards, to enter the whole 
length of the under surface of the tongue, from the base to the apex. The 
muscles lie one on either side of the median plane; behind, they are quite 
distinct from each other, and are separated at their insertion into the under 
surface of the tongue by a tendinous raphé, which extends through the middle of 
the organ; in front, the two muscles are more or less blended: distinct fasciculi 
are to be seen passing off from one muscle, crossing the middle line, and inter- 
secting with bundles of fibres derived from the muscle on the other side. 
Relations.—By its internal surface it is in contact with its fellow of the 
opposite side. By its external surface, with the Inferior lingualis, the Hyo-glossus, 
the lingual artery and hypoglossal nerve, the lingual nerve, and sublingual gland. 
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By its upper border, with the mucous membrane of the floor of the mouth 

(freanum linguæ). By its lower border, with the Genio-hyoid. 

__ The Hyo-glossus is a thin, flat, quadrilateral muscle, which arises from the 
side of the body, and whole length of the greater cornu of the hyoid bone, and 
passes almost vertically upwards to enter the side of the tongue, between the 
Stylo-glossus and Inferior lingualis. Those fibres of this muscle which arise 
from the body of the hyoid bone are directed upwards and backwards, over- 
lapping those arising from the greater cornu, which are directed upwards and 
forwards. 

Relations.—By its external surface, with the Digastric, the Stylo-hyoid, Stylo- 
glossus, and Mylo-hyoid muscles, the submaxillary ganglion, the lingual and 
hypoglossal nerves, Wharton’s duct, the ranine vein, the sublingual gland, and 
the deep portion of the submaxillary gland. By its deep surface, with the Stylo- 
hyoid ligament, the Genio-hyo-glossus, Inferior lingualis, and Middle constrictor, 
the lingual vessels, and the glosso- 
pharyngeal nerve. 

The Chondro-glossus (fig. 399) is 
a distinct muscular slip, though it is 
sometimes described as a part of the 
Hyo-glossus, from which, however, 
it is separated by the fibres of the 
Genio-hyo-glossus, which pass to the 
side of the pharynx. It is about 
three-quarters to an inch in length, 
and arises from the inner side and 
base of the lesser cornu and con- 
tiguous portion of the body of the 
hyoid bone, and passes directly 
upwards to blend with the intrinsic 
muscular fibres of the tongue, be- 
tween the Hyo-glossus and Genio- 
hyo-glossus. A small slip of muscular 
fibres is occasionally found, arising 
from the cartilago triticea in the 
thyro-hyoid ligament, and passing 
upwards and forwards, enters the 
tongue with the hindermost fibres 
of the Hyo-glossus. 

The Stylo-glossus, the shortest 
and smallest of the three styloid 
muscles, arises from the anterior and 
outer side of the styloid process, 
near its apex, and from the stylo- 
mandibular ligament, to which its 
fibres, in most cases, are attached by 
a thin aponeurosis. Passing down- 
wards and forwards between the 
internal and external carotid arteries, 
and becoming nearly horizontal in 
its direction, it divides upon the side 
of the tongue into two portions: one longitudinal, which enters the side of the 
tongue near its dorsal surface, blending with the fibres of the Inferior lingualis 
in front of the Hyo-glossus ; the other oblique, which overlaps the Hyo-glossus 
muscle and decussates with its fibres. 

Relations.—By its external surface, from above downwards, with the parotid 
gland, the Internal pterygoid muscle, the lingual nerve, and the mucous membrane 
of the mouth. By its internal surface, with the tonsil, the Superior constrictor, 
and the Hyo-glossus muscle. 

The Palato-glossus, or Constrictor isthmi faucium, although it is one of the 
muscles of the tongue, serving to draw its base upwards during the act of 
deglutition, is more nearly associated with the soft palate, both-in its situation 
and function ; it will, consequently, be described with that group of muscles. 

Nerves.—The Palato-glossus is probably innervated by the spinal accessory 


Fic. 399.—-Muscles of the tongue from below. 
(From a preparation in the Museum of the 
Royal College of Surgeons of England.) 
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nerve, through the pharyngeal plexus; the remaining muscles of this group by 
the hypoglossal. 

Muscular substance of tongue.—The muscular fibres of the tongue run in 
various directions. These fibres are divided into two sets—Extrinsic and 
Intrinsic. The extrinsic muscles of the tongue are those which have their origin 
external to, and only their terminal fibres contained in, the substance of the organ. 
They are: the Stylo-glossus, the Hyo-glossus, the Palato-glossus, the Genio-hyo- 
glossus, and part of the Superior constrictor of the pharynx (Pharyngo-glossus). 
The intrinsic are those which are contained entirely within the tongue, and form 
the greater part of its muscular structure. 

The tongue consists of symmetrical halves separated from each other in the 
middle line by a fibrous septum. Each half is composed of muscular fibres 
arranged in various directions, containing much interposed fat, and supplied by 
vessels and nerves. 

To demonstrate the various fibres of the tongue, the organ should be subjected 
to prolonged boiling, in order to soften the connective tissue; the dissection may 
then be commenced from the dorsum. Immediately beneath the mucous 

membrane is a submucous, fibrous 

Fic. 400.— Coronal section of tongue. Showing layer, into which the muscular 
intrinsic muscles. (Altered from Krause.) fibres which terminate on the 
F surface of the tongue are inserted. 

Upon removing this, with the mu- 
cous membrane, the first stratum 
of muscular fibres is exposed. 
SON ee Eh = This belongs to the group of 
Sve Aeros. —7, intrinsic muscles, and has been 
SPREE GE Und ge named the Superior lingualis. It 
- consists of a thin layer of oblique 
. and longitudinal fibres, which 
arise from the submucous fibrous 
layer, close to the Epiglottis, and 
from the fibrous septum, and pass 
forwards and outwards to the 
edges of the tongue. Between 
its fibres pass some vertical fibres 
derived from the Genio-hyo- 
glossus and from the vertical in- 
trinsic muscle, which will be 
described later on. Beneath this 


oe layer is the second stratum of 
a. Lingual artery. b. Inferior lingualis, cut through. e. Fibres 


of Hyo-glossus. d. Oblique fibres of Stylo-glossus. e. Insertion muscular fibres, derived princi- 
of Transverse lingualis., f. Superior lingualis. g. Papillæ of pally from the extrinsic muscles. 


Teemu aa eee intersecting In front, it is formed by the fibres 
derived from the Stylo-glossus, 

running along the side of the tongue, and sending one set of fibres over the 
dorsum which runs obliquely forwards and inwards to the middle line, and 
another set of fibres, seen at a later period of the dissection, on to the under 
surface of the sides of the anterior part of the tongue, which runs forwards 
and inwards, between the fibres of the Hyo-glossus, to the middle line. 
Behind this layer of fibres, derived from the Stylo-glossus, are fibres derived 
from the Hyo-glossus, together with some few fibres of the Palato-glossus. The 
Hyo-glossus, entering the side of the under surface of the tongue, between the 
Stylo-glossus and Inferior lingualis, passes round its margin and spreads out 
into a layer on the dorsum, which occupies the middle third of the organ, and 
runs almost transversely inwards to the septum. It is reinforced by some fibres 
from the Palato-glossus; other fibres of this muscle pass more deeply and 
intermingle with the next layer. The posterior part of the second layer of the 
muscular fibres of the tongue is derived from those fibres of the Hyo-glossus 
which arise from the lesser cornu of the hyoid bone, and are here described as 
a separate muscle—the Chondro-glossus. The fibres of this muscle are arranged 
in a fan-shaped manner, and spread out over the posterior third of the tongue. 
Beneath this layer is the great mass of the intrinsic muscles of the tongue, 
intersected at right angles by the terminal fibres of one of the extrinsic muscles— 
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the Genio-hyo-glossus. This portion of the tongue is paler in colour and softer 
in texture than that already described, and is sometimes designated the medullary 
portion in contradistiction to the firmer superficial part, which is termed the 
cortical portion. It consists largely of transverse fibres, the Transverse lingualis, 
and of vertical fibres, the Vertical lingualis. The Transverse lingualis forms 
the largest portion of the third layer of muscular fibres of the tongue. The 
fibres arise from the median septum, and pass outwards to be inserted into 
the submucous ' fibrous layer at the sides of the tongue. Intermingled with 
these transverse intrinsic fibres are transverse extrinsic fibres derived from 
the Palato-glossus and the Superior constrictor of the pharynx. These Trans- 
verse extrinsic fibres, however, run in the opposite direction, passing inwards 
towards the septum. Intersecting the transverse fibres are a large number 
of vertical fibres derived partly from the Genio-hyo-glossus and partly from 
intrinsic fibres, the Vertical lingualis. The fibres derived from the Genio- 
hyo-glossus enter the under surface of the tongue on each side of the median 
septum from base to apex. They ascend in a radiating manner to the dorsum, 
being inserted into the submucous fibrous layer covering the tongue on each 
side of the middle line. The Vertical lingualis is found only at the borders 
of the fore part of the tongue, external to the fibres of the Genio-hyo-glossus. 
Its fibres extend from the upper to the under surface of the organ, decussating 
with the fibres of the other muscles, and especially with the Transverse 
lingualis. The fourth layer of muscular fibres of the tongue consists partly 
of extrinsic fibres derived from the Stylo-glossus, and partly of intrinsic 
fibres, the Inferior lingualis. At the sides of the under surface of the organ 
are some fibres derived from the Stylo-glossus ; as this muscle runs forwards 
at the side of the tongue, it gives off fibres which pass forwards and inwards 
between the fibres of the Hyo-glossus and form an inferior oblique stratum 
which joins in front with the anterior fibres of the Inferior lingualis. The 
Inferior lingualis is a longitudinal band, situated on the under surface of the 
tongue, and extending from the base to the apex of the organ. Behind, some 
of its fibres are connected with the body of the hyoid bone. It lies between 
the Hyo-glossus and the Genio-hyo-glossus; in front of the Hyo-glossus it 
comes into relation with the Stylo-glossus, with the fibres of which it blends. 
It is in relation by its under surface with the ranine artery. 


Surgical Anatomy.—The fibrous septum which exists between the two halves of the 
tongue is very complete, so that the anastomosis between the two lingual arteries is not 
very free, a fact often illustrated by injecting one-half of the tongue with coloured size, 
while the other half is left uninjected, or is injected with size of a different colour. 

This is a point of considerable importance in connection with removal of one-half of 
the tongue for cancer, an operation which is now frequently resorted to when the disease 
is strictly confined to one side of the tongue. If the mucous membrane is divided 
longitudinally exactly in the middle line, the tongue can be split! into halves along the 
median raphé, without any appreciable hemorrhage, and the diseased half can then be 
removed. 


Actions.— The movements of the tongue, although numerous and complicated, 
may be understood by carefully considering the direction of the fibres of its 
muscles. The Gento-hyo-glossi muscles, by means of their posterior fibres, draw 
the base of the tongue forwards, so as to protrude the apex from the mouth. 
The anterior fibres draw the tongue back into the mouth. The whole length of 
these two muscles acting along the middle line of the tongue draw it downwards, 
so as to make it concave from side to side, forming a channel along which fluids 
may pass toward the pharynx, as in sucking. The Hyo-glosst muscles depress 
the tongue, and draw down its sides, so as to render it convex from side to side. 
The Stylo-glossi muscles draw the tongue upwards and backwards. The Palato- 
glossi muscles draw the base of the tongue upwards. The intrinsic muscles are 
mainly concerned in altering the shape of the tongue, whereby it becomes 
shortened, narrowed from side to side, or curved in different directions; thus, 
the Superior and Inferior linguales tend to shorten the tongue, but the former, 
in addition, turn the tip and sides upwards so as to render the dorsum concave, 
while the latter pull the tip downwards and cause the dorsum to become convex. 
The Transverse lingualis narrows and elongates the tongue, and the Vertical 
jngualis flattens and broadens it. The complex arrangement of the muscular 
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fibres of the tongue, and the various directions in which they run, give to this 
organ the power of assuming the various forms necessary for the enunciation of 
the different consonantal sounds; and Macalister states ‘there is reason to 
believe that the musculature of the tongue varies in different races owing 
to the hereditary practice and habitual use of certain motions required for 
enunciating the several vernacular languages. 


V. PHARYNGEAL REGION 


Inferior constrictor. Superior constrictor. 
Middle constrictor. Stylo-pharyngeus. 
Palato-pharyngeus, 


Salpingo-pharyngeus. (See next section.) 

Dissection (fig. 401).—In order to examine the muscles of the pharynx, cut through 
the trachea and œsophagus just above the sternum, and draw them upwards by dividing 
the loose areolar tissue connecting the pharynx with the front of the vertebral column. 
The parts being drawn well forwards, apply the edge of the saw immediately behind the 
styloid processes, and saw the base of the skull through from below upwards. The 
pharynx and mouth should then be stuffed with tow, in order to distend its cavity and 
render the muscles tense and easier of dissection. 


The Inferior constrictor, the most superficial and thickest of the three 
constrictors, arises from the sides of the cricoid and thyroid cartilages. To the 
cricoid cartilage it is attached in the in- 

Fre. 401.—-Museles of the pharynx. terval between the Crico-thyroid muscle 

External view. in front, and the articular facet for the 
inferior cornu of the thyroid cartilage 
behind. To the thyroid cartilage it is 
attached to the oblique line on the side 
AA | of the great ala, to the cartilaginous 

~All surface behind it, nearly as far as its 
rT ae ey EN i posterior border, and to the inferior 
cornu. From these attachments the 
fibres spread backwards and inwards, 
to be inserted into the fibrous raphé in 
the posterior median line of the pharynx. 
The inferior fibres are horizontal, and 
continuous with the circular fibres of the 
cesophagus; the rest ascend, increasing 
in obliquity, and overlap the Middle 
constrictor. 

Relations.—The Inferior constrictor 
is covered by a thin membrane which 
surrounds the entire pharynx (bucco- 
pharyngeal fascia). Behind, it is in 
relation with the vertebral column and 
the prevertebral fascia and muscles ; 
laterally, with the thyroid gland, the 
common carotid artery, and the Sterno- 
thyroid muscle ; by its internal surface, 
with the Middle constrictor, the Stylo- 
pharyngeus, Palato-pharyngeus, the 
pharyngeal aponeurosis and mucous 
membrane of the pharynx. The inter- 
nal laryngeal nerve and the laryngeal 
branch of the Superior thyroid artery 
pass near the upper border, and the inferior, or recurrent laryngeal nerve, and 
the laryngeal branch of the inferior thyroid artery, beneath the lower border 
of this muscle, previous to their entering the larynx. 

The Middle constrictor is a flattened, fan-shaped muscle, smaller than the 
preceding. It arises from the whole length of the upper border of the greater 
cornu of the hyoid bone, from the lesser cornu, and from the stylo-hyoid liga- 
ment. The fibres diverge from their origin: the lower ones descending beneath 
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the Inferior constrictor, the middle fibres passing transversely, and the upper 
fibres ascending and overlapping the Superior constrictor. The musele is 
inserted into the posterior median fibrous raphé, blending in the middle line 
with the one of the opposite side. 

Relations.—This muscle is separated from the Superior constrictor by the 
glosso-pharyngeal nerve and the Stylo-pharyngeus muscle and Stylo-hyoid liga- 
ment; and from the Inferior constrictor by the internal laryngeal nerve and 
laryngeal branch of the superior thyroid artery. Behind, it lies on the pre- 
vertebral fascia, the Longus colli, and the Rectus capitis anticus major. On each 
side it is in relation with the carotid vessels, the pharyngeal plexus, and some 
lymphatic glands. Near its origin it is covered by the Hyo-glossus, from which 
it is separated by the lingual vessels. It lies upon the Superior constrictor, the 
Stylo-pharyngeus, the Palato-pharyngeus, the pharyngeal aponeurosis, and the 
mucous membrane of the pharynx. 

The Superior constrictor is a quadrilateral muscle, thinner and paler than 
the other Constrictors, and situated at the upper part of the pharynx. It arises 
from the lower third of the posterior margin of the internal pterygoid plate and 
its hamular process, from the pterygo-mandibular ligament, from the alveolar 
process of the mandible above the posterior extremity of the mylo-hyoid ridge, 
and by a few fibres from the side of the tongue. From these points the fibres 
curve backwards, to be inserted into the median raphé, being also prolonged by 
means of a fibrous aponeurosis to the pharyngeal spine on the basilar process of 
the occipital bone. ‘The superior fibres arch beneath the Levator palati and the 
Eustachian tube, the interval between the upper border of the muscle and the 
base of the skull being deficient in muscular fibres, and closed by the pharyngeal 
aponeurosis. This interval is known as the sinus of Morgagni. 

Relations.—By its outer surface, with the prevertebral fascia and muscles, 
the vertebral column, the internal carotid and ascending pharyngeal arteries, the 
internal jugular vein and pharyngeal venous plexus, the glosso-pharyngeal, 
pneumogastric, spinal accessory, hypoglossal, lingual, and sympathetic nerves, 
the Middle constrictor and internal pterygoid muscles, the Styloid process, the 
Stylo-hyoid ligament, and the Stylo-pharyngeus. By its internal surface, with 
the Palato-pharyngeus, the tonsil, the pharyngeal aponeurosis and mucous 
membrane of the pharynx. Its lower border is separated from the Middle 
constrictor of the pharynx by the Stylo-pharyngeus muscle and the glosso- 
pharyngeal nerve. 

The Stylo-pharyngeus is a long, slender muscle, round above, broad and thin 
below. It arises from the inner side of the base of the styloid process, passes 
downwards along the side of the pharynx between the Superior and Middle 
constrictors, and spreads out beneath the mucous membrane, where some of its 
fibres are lost in the Constrictor muscles; and others, joining with the Palato- 
pharyngeus, are inserted into the posterior border of the thyroid cartilage. The 
glosso-pharyngeal nerve runs on the outer side of this muscle, and crosses over 
it in passing forward to the tongue. | 

Relations. — Externally, with the Stylo-glossus muscle, the parotid gland, the 
external carotid artery, and the Middle constrictor. Internally, with the internal 
carotid, the internal jugular vein, the Superior constrictor, Palato-pharyngeus 
and mucous membrane. 

Nerves.—The Constrictors are supplied by branches from the pharyngeal 
plexus, the Stylo-pharyngeus by the glosso-pharyngeal nerve, and the Inferior 
constrictor by additional branches from the external and recurrent laryngeal 
nerves. 

Actions.—When deglutition is about to be performed, the pharynx is drawn 
upwards and dilated in different directions, to receive the food propelled into it 
from the mouth. The Stylo-pharyngei, which are much farther removed from 
one another at their origin than at their insertion, draw the sides of the pharynx 
upwards and outwards, and so increase its transverse diameter ; its breadth in the 
antero-posterior direction being increased by the larynx and tongue being carried 
forwards in their ascent. As soon as the morsel is received in the pharynx, the 
Elevator muscles relax, the bag descends, and the Constrictors contract upon 
it, and convey it gradually downwards into the cesophagus. Besides its action 
in deglutition, the pharynx also exerts an important influence in the modulation 
of the voice, especially in the production of the higher tones. 
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VI. PALATAL REGION 


Levator palati. ~ Palato-glossus. 
Tensor palati. Palato-pharyngeus. 
Azygos uvule. Salpingo-pharyngeus. 


Dissection (fig. 402).—Lay open the pharynx from behind, by a vertical incision 
extending from its upper to its lower part, and partially divide the occipital attachment 
by a transverse incision on each side of the vertical one ; the posterior surface of the soft 
palate is then exposed. Having fixed the uvula so as to make it tense, the mucous 
membrane and glands should be carefully removed from the posterior surface of the soft 
palate and the muscles of this part are at once exposed. 


The Levator palati is a long, thick, rounded muscle, placed on the outer side 
of the posterior nares. It arises from the under surface of the apex of the petrous 
portion of the temporal bone, and from the inner surface of the cartilaginous 


Fig. 402.—Muscles of the soft palate. The pharynx being laid open from behind. 
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portion of the Eustachian tube; after passing above the upper concave margin 
of the Superior constrictor, it extends obliquely downwards and inwards, its fibres 
spreading out in the soft palate as far as the middle line, where they blend with 
those of the opposite side. 

Relations.— Externally, with the Tensor palati, Superior constrictor, and 
Eustachian tube. Internally, with the mucous membrane of the pharynx. 
Posteriorly, with the posterior fasciculus of the Palato-pharyngeus, the Azygos 
uvulz, and the mucous lining of the soft palate. 

The Tensor or Circumflexus palati is a broad, thin, riband-like muscle, placed 
on the outer side of the Levator palati, and consisting of a vertical and a 
horizontal portion. The vertical portion arises by a flat lamella from the scaphoid 
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fossa at the base of the internal pterygoid plate; from the spine of the sphenoid 
and the outer side of the cartilaginous portion of the Eustachian tube: descending 
vertically between the internal pterygoid plate and the inner surface of the 
Internal pterygoid muscle, it terminates in a tendon, which winds round the 
hamular process, being retained in this situation by some of the fibres of origin 
of the Internal pterygoid muscle. Between the hamular process and the tendon 
is a small bursa. The tendon or horizontal portion then passes horizontally 
inwards, and is inserted into a broad aponeurosis, the palatine aponeurosis, and 
into the transverse ridge on the horizontal portion of the palate bone. 

Relations.—Hiernally, with the Internal pterygoid. Internally, with the 
Levator palati, from which it is separated by the Eustachian tube and Superior 
constrictor, and with the internal pterygoid plate. In the soft palate, its tendon 
and the palatine aponeurosis is anterior to that of the Levator palati, being 
covered by the Palato-glossus and the mucous membrane. 

Palatine Aponeurosis.—Attached to the posterior border of the hard palate is 
a thin, firm, fibrous lamella which supports the muscles and gives strength to the 
soft palate. It is thicker above than below, where it becomes very thin and 
difficult to define. Laterally, it is continuous with the pharyngeal aponeurosis. 

The Azygos uvule is not a single muscle, as would be inferred from its name, 
but a pair of narrow cylindrical fleshy fasciculi, placed one on either side of the 
median line of the soft palate. Each muscle arises from the posterior nasal 
spine of the palate bone, and from the contiguous tendinous aponeurosis of the 
soft palate, and descends to be inserted into the uvula. 

Relations.— Anieriorly, with the tendinous expansion of the Levatores palati ; 
ae with the posterior fasciculus of the Palato-pharyngeus and the mucous 
membrane. 


The next two muscles are exposed by removing the mucous membrane from the pillars 
of the fauces throughout nearly their whole extent. 


The Palato-glossus (Constrictor isthmi faucium) is a small fleshy fasciculus, 
narrower in the middle than at either extremity, forming, with the mucous 
membrane covering its surface, the anterior pillar of the fauces. It arises from 
the anterior surface of the soft palate, where it is continuous with the muscle of 
the opposite side, and, passing downwards, forwards, and outwards in front of 
the tonsil, is inserted into the side of the tongue, some of its fibres spreading 
over the dorsum, and others passing deeply into the substance of the organ to 
intermingle with the Transverse lingualis. 

The j A pi is a long, fleshy fasciculus, narrower in the middle 
than at either extremity, forming, with the mucous membrane covering its 
surface, the posterior pillar of the fauces. It is separated from the Palato-glossus 
by an angular interval, in which the tonsil is lodged. It arises from the soft 
palate by an expanded fasciculus, which is divided into two parts by the Levator 
palati and Azygos uvulæ. The posterior fasciculus lies in contact with the 
mucous membrane, and joins with the corresponding muscle in the middle line ; 
the anterior fasciculus, the thicker, lies in the soft palate between the Levator 
and Tensor, and joins in the middle line the corresponding part of the opposite 
muscle. Passing outwards and downwards behind the tonsil, the Palato- 
pharyngeus joins the Stylo-pharyngeus, and is inserted with that muscle into 
the posterior border of the thyroid cartilage, some of its fibres being lost on the 
side of the pharynx, and ‘others passing across the middle line posteriorly, to 
decussate with the muscle of the opposite side. 

Relations.-In the soft palate, its posterior surface is covered by mucous 
membrane, from which it is separated by a layer of palatine glands. By its 
anterior surface it is in relation with the Tensor palati. Where it forms the 

osterior pillars of the fauces, it is covered by mucous membrane, excepting on 
its outer surface. In the pharynz it lies between the mucous membrane and. 
the Constrictor muscles. 

The Salpingo-pharyngeus.—This muscle arises from the inferior part of the 
Eustachian tube near its orifice; it passes downwards and blends with the 
posterior fasciculus of the Palato-pharyngeus. 

In a dissection of the soft palate from its posterior or nasal surface to its 
anterior or oral surface, the muscles would be exposed in the following order: 
viz. the posterior fasciculus of the Palato-pharyngeus, covered by the mucous 
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membrane reflected from the floor of the nasal fosse; the Azygos uvule; the 
Levator palati; the anterior fasciculus of the Palato-pharyngeus ; the aponeurosis 
of the Tensor palati, and the Palato-glossus covered by a reflection from the oral 
mucous membrane. 

Nerves.—The Tensor palati is supplied by a branch from the otic ganglion ; 
the remaining muscles of this group are in all probability supplied by the bulbar 
portion of the spinal accessory through the pharyngeal plexus.* re 

Actions.—During the first stage of deglutition, the morsel of food is driven 
back into the fauces by the pressure of the tongue against the hard palate: the 
base of the tongue being, at the same time, retracted, and the larynx raised 
with the pharynx, and carried forwards under it. During the second stage the 
entrance to the larynx is closed, not, as was formerly supposed, by the folding 
backwards of the epiglottis over it, but, as Anderson Stuart has shown, by the 
drawing forward of the arytenoid cartilages towards the cushion of the epiglottis 
—a movement produced by the contraction of the external thyro-arytenoid, the 
arytenoid and aryteno-epiglottidean muscles. 

The morsel of food after leaving the tongue passes on to the posterior or 
laryngeal surface of the epiglottis, and glides along this for a certain distance ; T 
then the Palato-glossi muscles, the constrictors of the fauces, contract behind 
the food; the soft palate is slightly raised by the Levator palati, and made 
tense by the Tensor palati; and the Palato-pharyngei, by their contraction, pull 
the pharynx upwards over the morsel of food, and come nearly together, the 
uvula filling up the slight interval between them. By these means the food 
is prevented from passing into the naso-pharynx; at the same time, the latter 
muscles form an inclined plane, directed obliquely downwards and backwards, 
along the under surface of which the morsel descends into the lower part 
of the pharynx. The Salpingo-pharyngeus raises the upper and lateral part 
of the pharynx—i.e. that part which is above the point where the Stylo- 
pharyngeus is attached to the pharynx. 


Surgical Anatomy.—After the operation for the closure of a cleft in the palate, the 
palate muscles, especially the Tensor and Levator palati, have a tendency to retard the 
healing process by active traction upon the line of suture. To obviate this, it is necessary 
to divide them. This is best done by making longitudinal incisions, on either side, 
parallel to the cleft and just internal to the hamular process, in such a position as to 
avoid the posterior palatine artery. 


VII. ANTERIOR VERTEBRAL REGION 


Rectus capitis anticus major. Rectus capitis lateralis. 
Rectus capitis anticus minor. Longus colli. 


The Rectus capitis anticus major (fig. 403), broad and thick above, narrow 
below, appears like a continuation upwards of the Scalenus anticus. It arises 
by four tendinous slips from the anterior tubercles of the transverse processes 
of the third, fourth, fifth, and sixth cervical vertebræ, and ascends, converging 
towards its fellow of the opposite side, to be inserted into the basilar process of 
the occipital bone. 

Relations.— By its anterior surface, with the pharynx, the sympathetic nerve, 
and the sheath enclosing the internal and common carotid artery, internal 
jugular vein, and the pneumogastric nerve. By its posterior surface, with the 
Longus colli, the Rectus capitis anticus minor, and the upper cervical vertebre. 

The Rectus capitis anticus minor is a short, flat muscle, situated immediately 
behind the upper part of the preceding. It arises from the anterior surface of 
the lateral mass of the atlas, and from the root of its transverse process, and 
passing obliquely upwards and inwards, is inserted into the basilar process 
immediately behind the preceding muscle. 

Relations.—By its anterior surface, with the Rectus capitis anticus major. 
By its posterior surface, with the front of the occipito-atlantal articulation. 


* <The Innervation of the Soft Palate,’ by William Aldren Turner, M.B. Journal 
of Anatomy and Physiology, vol. xxiii. p. 523. 

t Walton (quoted by A. Stuart) maintains that the epiglottis is not essential to the 
deglutition even of liquids. 
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The Rectus capitis lateralis is a short, flat muscle, which arises from the 
upper surface of the transverse process of the atlas, and is inserted into the 
under surface of the jugular process of the occipital bone. 

Relations.— By its anterior surface, with the internal jugular vein. By its 
posterior surface, with the vertebral artery. On its outer side lies the occipital 
artery ; on its inner side the suboccipital nerve. 

The Longus colli is a long, flat muscle, situated on the anterior surface of the 
spine, between the atlas and the third dorsal vertebra. It is broad in the middle, 
narrow and pointed at each extremity, and consists of three portions : a superior 
oblique, an inferior oblique, and a vertical portion. The superior oblique portion 
arises from the anterior tubercles of the transverse processes of the third, fourth, 
and fifth cervical vertebræ ; and, ascending obliquely inwards, is inserted by a 


Fire. 403.—The prevertebral muscles. 
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narrow tendon into the tubercle on the anterior arch of the atlas. The inferior 
oblique portion, the smallest part of the muscle, arises from the front of the bodies 
of the first two or three dorsal vertebra ; and, ascending obliquely outwards, is 
inserted into the anterior tubercles of the transverse processes of the fifth and 
sixth cervical vertebrae. The vertical portion lies directly on the front of the 
spine; it arises, below, from the front of the bodies of the upper three dorsal 
and lower three cervical vertebre, and is inserted into the front of the bodies 
of the second, third, and fourth cervical vertebre above. 

Relations.—By its anterior surface, with the prevertebral fascia, the pharynx, 
the cesophagus, the sympathetic nerve, the sheath of the great vessels of the 
neck, the inferior thyroid artery, and recurrent laryngeal nerve. By its posterior 
surface, with the cervical and dorsal portions of the spine. Its «nner border is 
separated from the opposite muscle by a considerable interval below ; but they 


approach each other above. 
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VIII. LATERAL VERTEBRAL REGION 


Scalenus anticus. Scalenus medius. 
Scalenus posticus. 


The Scalenus anticus is a conical-shaped muscle, situated deeply at the side 
of the neck, behind the Sterno-mastoid. It arises from the anterior tubercles of 


Fia. 404.—Muscles of the neck. (From a preparation in the Museum of the 
Royal College of Surgeons of England.) 
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the transverse processes of the third, fourth, fifth, and sixth cervical vertebra, 
and descending, almost vertically, is inserted by a narrow, flat tendon into the 
scalene tubercle on the inner border of the first rib, and also into the upper 
surface of the rib between the grooves for the subclavian artery and vein. The 
lower part of this muscle separates the subclavian artery and vein: the latter 
being in front, and the former, with the brachial plexus, behind. 

Relations.— In front, with the clavicle, the Subclavius, Sterno-mastoid, and 
Omo-hyoid muscles, the transversalis colli, the suprascapular and ascending 
cervical arteries, the subclavian vein, and the phrenic nerve. By its posterwr 
surface, with the cords of the brachial plexus, the subclavian artery and the pleura, 
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which separate it from the Scalenus medius. It is separated from the Longus 
colli, on the inner side, by the vertebral artery. On the anterior tubercles of the 
transverse processes of the cervical vertebre, between the attachments of the 
Scalenus anticus and Longus colli, lies the ascending cervical branch of the 
inferior thyroid artery. 

The Scalenus medius, the largest and longest of the three Scaleni, arises from 
the posterior tubercles of the transverse processes of the lower six cervical 
vertebre, and descending along the side of the vertebral column is inserted by 
a broad attachment into the upper surface of the first rib, behind the groove 
for the subclavian artery, as far back as the tubercle. It is separated from the 
Scalenus anticus by the subclavian artery below and the cervical nerves above. 
The posterior thoracic, or nerve of Bell, is formed in the substance of the Scalenus 
medius and emerges from it. The nerve to the Rhomboids also pierces it. 

Relations.—By its anterior surface, with the Sterno-mastoid ; it is crossed by 
the clavicle, the Omo-hyoid muscle, subclavian artery, and the cervical nerves. 
To ae outer side is the Levator anguli scapule, and the Scalenus posticus 
muscle. 

The Scalenus posticus, the smallest of the three Scaleni, arises, by two or three 
separate tendons, from the posterior tubercles of the transverse processes of the 
lower two or three cervical vertebræ, and, diminishing as it descends, is inserted 
by a thin tendon into the outer surface of the second rib, behind the attachment 
of the Serratus magnus. This is the most deeply placed of the three Scaleni, 
and is occasionally blended with the Scalenus medius. 

Nerves.— The Recut capitis anticus major and minor and the Rectus lateralis 
are supplied by the first cervical nerve, and from the loop formed between it and 
the second; the Longus colli and Scaleni, by branches from the anterior divisions 
of the lower cervical nerves (fifth, sixth, seventh, and eighth) before they form the 
brachial plexus. The Scalenus medius also receives a filament from the deep 
external branches of the cervical plexus. 

Actions.—The Rectus capitis anticus major and minor are the direct ant- 
agonists of the muscles at the back of the neck, serving to restore the head to its 
natural position after it has been drawn backwards. These muscles also serve to 
flex the head, and from their obliquity, rotate it, so as to turn the face to one or 
the other side. The Longus colli flexes and slightly rotates the cervical portion 
of the spine. The Scaleni muscles, when they take their fixed point from above, 
elevate the first and second ribs, and are, therefore, inspiratory muscles. When 
they take their fixed point from below, they bend the spinal column to one or the 
other side. If the muscles of both sides act, lateral movement is prevented, but 
the spine is slightly flexed. The Rectus lateralis, acting on one sides, bends the 
head laterally. 


Surface Form.—The muscles in the neck, with the exception of the Platysma myoides, 
are invested by the deep cervical fascia, which softens down their form, and is of con- 
siderable importance in connection with deep cervical abscesses and tumours, modifying 
the direction of their growth and causing them to extend laterally instead of towards the 
surface. The Platysma myoides does not influence surface form except it is in action, 
when it produces wrinkling of the skin of the neck, which is thrown into oblique ridges 
parallel with the fasciculi of the muscle. Sometimes this contraction takes place suddenly 
and repeatedly, as a sort of spasmodic twitching, the result of a nervous habit. The 
Sterno-cleido-mastoid is the most important muscle of the neck as regards its surface 
form. If the muscle is put into action by drawing the chin downwards and to the 
opposite shoulder, its surface form will be plainly outlincd. The sternal origin will stand 
out as a sharply defined ridge, while the clavicular origin will present a flatter and less 
prominent outline. The fleshy middle portion will appear as an oblique roll or eleva- 
tion, with a thick rounded anterior border gradually becoming less marked above. On 
the opposite side, i.e. on the side to which the head is turned, the outline is lost, its place 
being oceupied by an oblique groove in the integument. When the muscle is at rest its 
anterior border is still visible, forming an oblique rounded ridge, terminating below in the 
sharp outline of the sternal head. The posterior border of the muscle does not show above 
the clavicular head. ‘The anterior border is.defined by drawing a line from the tip of the 
mastoid process to the sterno-clavicular joint. It is an important surface-marking in the 
operation of ligature of the common carotid artery and some other operations. Between 
the sternal and clavicular heads is a slight depression, most marked when the muscle is 
in action, which overlies the lower part of the internal jugular vein. This is bounded 
below by the prominent sternal extremity of the clavicle. Between the sternal origins of 
the two myecles is a V-shaped space, the suprasternal notch, more pronounced below, 
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and becoming toned down above, where the Sterno-hyoid and Sterno-thyroid muscles, 
lying upon the trachea, become more prominent. Above the hyoid bone, in the middle 
line, the anterior belly of the Digastric to a certain extent influences surface form. It 
corresponds to a line drawn from the symphysis of the lower jaw to the side of the body 
of the hyoid bone, and renders this part of the hyo-mental region convex. In the posterior 
triangle of the neck, the posterior belly of the Omo-hyotd, when in action, forms a con- 
spicuous object, especially in thin necks, presenting a cord-like form running across this 
region, almost parallel with, and a little above, the clavicle. 


MUSCLES AND FASCIA OF THE TRUNK 


The Muscles of the Trunk may be arranged in four groups, corresponding 
with the region in which they are situated. 


I. The Back. IIT. The Abdomen. 
II. The Thorax. IV. The Pelvic outlet. 


I. MUSCLES or THE Back 


The muscles of the back are very numerous, and may be subdivided into five 
layers. 
First LAYER Longissimus dorsi. 


Trapezius Spinalis dorsi. 


Latissimus dorsi. i 5 
Cervical Region 


Snooi T Cervicalis ascendens. 
, Transversalis cervicis. 
Levator anguli scapulæ. Trachelo-mastoid. 
Rhomboideus minor. Complexus. 
Rhomboideus major. Biventer cervicis. 


THIRD LAYER Spinalis colli. 


Serratus posticus superior. Fiırrau LAYER 
Serratus posticus inferior. Semispinalis dorsi. 
Splenius capitis. Semispinalis colli. 
Splenius colli. Multifidus spine. 
Rotatores spine. 
Fourta Layer Interspinales. 
Sacral and Lumbar Regions Extensor coccygis. 
Erector spine. Intertransversales. l 
i Rectus capitis posticus major. 
Dorsal Region Rectus capitis posticus minor. 
Ilio-costalis. Obliquus capitis inferior. 


Musculus accessorius ad ilio-costalem. Obliquus capitis superior. 


First LAYER 
Trapezius. Latissimus dorsi. 


Dissection (fig. 405).—Place the body in the prone position, with the arms extended 
over the sides of the table, and the chest and abdomen supported by several blocks, so as 
to render the muscles tense. Then make an incision along the middle line of the back 
from the occipital protuberance to the coccyx. Make a transverse incision from the upper 
end of this to the mastoid process; and a third incision from its lower end, along the 
erest of the ilium to about its middle. This large intervening space should, for con- 
venience of dissection, be subdivided by a fourth incision, extending obliquely from the 
spinous process of the last dorsal vertebra, upwards and outwards, to the acromion 
process. This incision corresponds with the lower border of the Trapezius muscle. The 
flaps of integument are then to be removed in the direction shown in the figure. 


The superficial fascia is exposed upon removing the skin from the back. It 
forms a layer of considerable thickness and strength, in which a quantity of 
granular pinkish fat is contained. It is continuous with the superficial fascia in 
other parts of the body. The deep fascia is a dense fibrous layer, attached above 
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to the superior curved line of the occipital bone: in the middle line it is attached 
to the ligamentum nuche, and to the spinous. processes and supraspinous liga- 
ments of all the vertebrae below the seventh cervical: laterally, in the neck it is 
continuous with the deep cervical fascia; over the shoulder it is attached to the 
spine of the scapula and the acromion process, 

and is continued downwards over the Deltoid Fig. 405.—Dissection of the 
muscle to the arm; on the thorax it is con- muscles of the back. 
tinuous with the deep fascia of the axilla and 
chest, and on the abdomen with that covering 
the abdominal muscles: below, it is attached 
to the crest of the ilium. 

The Trapezius (fig. 406) is a broad, flat, 
triangular muscle, placed immediately beneath 
the skin and fascia, and covering the upper 
and back part of the neck and shoulders. It 
arises from the external occipital protuberance 
and the inner third of the superior curved line 
of the occipital bone; from the ligamentum 
nuchæ, the spinous process of the seventh 
cervical, and those of all the dorsal vertebre ; 
and from the corresponding portion of the 
supraspinous ligament. From this origin, the 
superior fibres proceed downwards and out- 
wards, the inferior upwards and outwards ; 
and the middle horizontally; the superior 
fibres are inserted into the outer third of the 
eg border of the clavicle; the middle 

bres into the inner margin of the acromion 
process, and into the superior lip of the 
posterior border or crest of the spine of the 
scapula; the inferior fibres converge near the 
scapula, and terminate in a triangular apo- 
neurosis, which glides over a smooth surface 
at the inner extremity of the spine, to be 
inserted into a tubercle at the outer part of 
this smooth surface. The Trapezius is fleshy 
in the greater part of its extent, but tendinous 
at its origin and insertion. At its occipital origin, it is connected to the bone 
by a thin fibrous lamina, firmly adherent to the skin, and wanting the lustrous, 
shining appearance of aponeuroses. At its origin from the spines of the vertebra, 
it is connected to the bones by means of a broad semi-elliptical aponeurosis, 
which occupies the space between the sixth cervical and the third dorsal 
vertebra, and forms, with the aponeurosis of the opposite muscle, a tendinous 
ellipse. The rest of the muscle arises by numerous short tendinous fibres. If 
the Trapezius is dissected on both sides, the two muscles resemble a trapezium, 
or diamond-shaped quadrangle: two angles corresponding to the shoulders; a 
third to the occipital protuberance ; and the fourth to the spinous process of the 
last dorsal vertebra. 

The clavicular insertion of this muscle varies as to the extent of its attach- 
ment: if sometimes advances as far as the middle of the clavicle, and may 
occasionally become blended with the posterior edge of the Sterno-mastoid, or 
overlap it. This should be borne in mind in the operation for tying the third 
part of the subclavian artery. l 

Relations.—By its superficial surface, with the integument, By its deep 
surface, in the neck, with the Complexus, Splenius, Levator anguli scapulæ, and 
Rhomboideus minor; in the back, with the Rhomboideus major, Supraspinatus, 
Infraspinatus, the Vertebral aponeurosis (which separates it from the prolonga- 
tions of the Erector spins), and the Latissimus dorsi. The superficial cervical 
artery, the spinal accessory nerve, and branches from the third and fourth cervical 
nerves, pass beneath the anterior border of this muscle. The anterior margin of 
its cervical portion forms the posterior boundary of the posterior triangle of the 
neck, the other boundaries being the Sterno-mastoid in front, and the clavicle 
below. = 
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Fic. 406.—Musceles of the back. On the left side, the first layer is exposed ; 
on the right side, the second layer and part of the third. 
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The Latissimus dorsi is a broad flat muscle, which covers the lumbar and 
the lower half of the dorsal regions, and is gradually contracted into a narrow 
fasciculus at its insertion into the humerus. It arises by tendinous fibres from 
the spinous processes of the six inferior dorsal vertebrae and from the posterior 
layer of the lumbar fascia (see page 469), by which it is attached to the spines of 
the lumbar and sacral vertebra, and to the supraspinous ligament. It also arises 
from the posterior third of the external lip of the crest of the ilium, behind the 
insertion of the External oblique, and by fleshy digitations from the three or four 
lower.-ribs, which are interposed between similar processes of the External 
oblique muscle (fig. 411, page 484). From this extensive origin the fibres pass in 
different directions, the upper ones horizontally, the middle obliquely upwards, 
and the lower vertically upwards, so as to converge and form a, thick fasciculus, 
which crosses the inferior angle of the scapula, and usually receives a few 
fibres from it. The muscle curves around the lower border of the Teres major, 
and is twisted upon itself, so that the superior fibres become at first posterior 
and then inferior, and the vertical fibres at first anterior and then superior. It 
terminates in a short quadrilateral tendon, about three inches in length, which 
passes in front of the tendon of the Teres major, and is inserted into the bottom 
of the bicipital groove of the humerus; its insertion extending higher on the 
humerus than that of the tendon of the Pectoralis major. The lower border of 
the tendon of this muscle is united with that of the Teres major, the surfaces 
of the two being separated near their insertion by a bursa; another bursa is 
sometimes interposed between the muscle and the inferior angle of the scapula. 
This muscle at its Insertion gives off an expansion to the deep fascia of the arm. 


A muscular slip, the axillary arch, varying from 3 to 4 inches in length, and from 
4 to # of an inch in breadth, occasionally arises from the upper edge of the Latissimus dorsi 
about the middle of the posterior fold of the axilla, and crosses the axilla in front of the 
axillary vessels and nerves, to join the under surface of the tendon of the Pectoralis major, 
the Coraco-brachialis, or the fascia over the Biceps. The position of this abnormal slip is 
& point of interest in its relation to the axillary artery, as it crosses the vessel just above 
the spot usually selected for the application of a ligature, and may mislead the surgeon 
during the operation. It may be easily recognised by the transverse direction of its 
fibres. Struthers found it, in 8 out of 105 subjects, occurring seven times on both sides, 

There is usually a fibrous slip which passes from the lower border of the tendon of the 
Latissimus dorsi, near its insertion, to the long head of the Triceps. This is occasionally 
muscular, and is the representative of the dorso-epitrochlearis muscle of apes. 


Relations.—Its superficial surface is subcutaneous, excepting at its upper 
part, where it is covered by the Trapezius, and at its insertion, where its tendon 
is crossed by the axillary vessels and the brachial plexus of nerves. By its deep 
surface, it is in relation with the Lumbar fascia, the Serratus posticus inferior, 
the lower external intercostal muscles and ribs, inferior angle of the scapula, 
Rhomboideus major, Infraspinatus, and Teres major. Its outer margin is 
separated below from the External oblique by a small triangular interval, the 
base of which is formed by the crest of the ilium, and its floor by the Internal 
oblique muscle of the abdomen. This is known as the triangle of Petit, and is 
sometimes the site of a lumbar hernia. Another triangle of practical importance 
is situated behind the scapula. It is bounded above by the Trapezius, below 
by the Latissimus dorsi, and externally by the vertebral border of the scapula ; 
the floor is partly formed by the Rhomboideus. If the scapula is drawn forwards 
by folding the arms across the chest, and the trunk bent forwards, a part of the 
sixth and seventh ribs and the interspace between them become subcutaneous 
and available for auscultation. The space is therefore known as the triangle of 
auscultation. 

Nerves.—The Trapezius is supplied by the spinal accessory, and by branches 
from the anterior divisions of the third and fourth cervical nerves ; the Latissimus 
dorsi by the sixth, seventh, and eighth cervical nerves through the middle or 
long subscapular nerve. 
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SECOND LAYER 


Levator anguli scapula. - Rhomboideus minor 
Rhomboideus major. 


Dissection.—The Trapezius must be removed, in order to expose the next layer; to 
effect this, detach the musele from its attachment to the clavicle and spine of the scapula, 
and turn it back towards the spine. 


The Levator anguli scapule is situated at the back part and side of the neck. 
It arises by tendinous slips from the transverse process of the atlas and from the 
posterior tubercles of the transverse processes of the second, third, and fourth 
cervical vertebra ; these, becoming fleshy, are united so as to form a flat muscle, 
which passes downwards and backwards, and is inserted into the posterior border 
of the scapula, between the superior angle and the triangular smooth surface at 
the root of the spine. _ 

Relations.—By its superficial surface, with the integument, Trapezius, and 
Sterno-mastoid. By its deep surface, with the Splenius colli, Transversalis 
cervicis, Cervicalis ascendens, and Serratus posticus superior muscles, and with 
the posterior scapular artery and the nerve to the Rhomboids. 

The Rhomboideus minor arises from the lower part of the ligamentum nuchæ 
and the spinous processes of the seventh cervical and first dorsal vertebra. 
Passing downwards and outwards, it is inserted into the margin of the triangular 
smooth surface at the root of the spine of the scapula. This small muscle is 
usually separated from the Rhomboideus major by a slight cellular interval. 

Relations.—By its superficial (posterior) surface, with the Trapezius. By its 
deep surface, with the same structures as the Rhomboideus major. 

The Rhomboideus major is situated immediately below the preceding, the 
adjacent margins of the two being occasionally united. It arises by tendinous 
fibres from the spinous processes of the second, third, fourth, and fifth dorsal 
vertebrae and the supraspinous ligament, and is inserted into a narrow tendinous 
arch, attached above to the lower part of the triangular surface at the root of 
the spine; below, to the inferior angle, the arch being connected to the border 
of the scapula by a thin membrane. When the arch extends, as it occasionally 
Pe, only a short distance, the muscular fibres are inserted into the scapula 
itself. 

Relations.—By its superficial surface, with the Latissimus dorsi. By its 
deep surface, with the Serratus posticus superior, the posterior scapular artery, 
and the nerve to the muscle, the vertebral aponeurosis which separates it from 
the prolongations of the Erector sping, the Intercostal muscles, and ribs. 

Nerves.—The Rhomboid muscles are supplied by branches from the anterior 
division of the fifth cervical nerve ; the Levator anguli scapule by the anterior 
division of the third and fourth cervical nerves, and frequently by a branch from 
the nerve to the Rhomboids. 

Actions.—The movements effected by the preceding muscles are numerous, 
as may be conceived from their extensive attachment. The whole of the 
Trapezius when in action retracts the scapula and braces back the shoulder ; 
if the head is fixed, the upper part of the Trapezius will elevate the point of 
the shoulder, as in supporting weights; when the lower fibres are brought 
into action they assist in depressing the bone. The middle and lower fibres 
of the muscle rotate the scapula, causing elevation of the acromion process. 
If the shoulders are fixed, both Trapezii, acting together, will draw the head 
oman backwards ; or if only one acts, the head is drawn to the corresponding 
side. 

The Latissemus dorsi, when it acts upon the humerus, depresses it, draws it 
backwards, and at the same time rotates it inwards. It is the muscle which 
is principally employed in giving a downward blow, as in felling a tree or in 
sabre practice. If the arm is fixed, the muscle may act in various ways upon 
the trunk: thus, it may raise the lower ribs and assist in forcible Inspiration ; or, 
if both arms are fixed, the two muscles may assist the Abdominal and great 
Pectoral muscles in suspending and drawing the whole trunk forwards, as in 
climbing or walking on crutches. 

The Levator anguli scapule raises the superior angle of the scapula, assisting 
the Trapezius in bearing weights or in shrugging the shoulders. If the shoulder 
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is fixed, the Levator anguli scapule inclines the neck to the corresponding side 
and rotates it in the same direction, The Hhombord muscles carry the inferior 
angle backwards and upwards, thus producing a slight rotation of the scapula 
upon the side of the chest, the Rhomboideus major acting especially on the 
lower angle of the scapula, through the tendinous arch by which it is inserted. 
The Rhomboid muscles acting together with the middle and inferior fibres of 
the Trapezius will draw the scapula directly backwards towards the spine 


THIRD LAYER 


Serratus posticus superior, Serratus posticus inferior 
stanina | Oplenius capitis. 
a (Splenius colli. 


Dissection.—To bring into view the third Jayer of muscles, remove the whole of the 
second, together with the Latissimus dorsi, by cutting through the Levator anguli 
scapula and Rhomboid muscles near their origin, and reflecting them downwards, and by 
dividing the Latissimus dorsi in the middle by a vertical incision carried from its upper 
to its lower part, and reflecting the two halves of the muscle. 


The Serratus posticus superior is a thin, flat, quadrilateral muscle, situated at 
the upper and back part of the thorax. It arises by a thin and broad aponeurosis 
from the lower part of the ligamentum nuche, and from the spinous processes 
of the last cervical and two or three upper dorsal vertebree and from the supra- 
spinous ligament. Inclining downwards and outwards, it becomes muscular, 
and is inserted, by four fleshy digitations, into the upper borders of the second, 
third, fourth, and fifth ribs, a little beyond their angles. 

Relations.—By its superficial surface, with the Trapezius, Rhomboidei, and 
Levator anguliscapule. By its deep surface, with the Splenius, and the vertebral 
aponeurosis, which separates it from the prolongations of the Erector spine, and 
with the Intercostal muscles and ribs. 

The Serratus posticus inferior is situated at the junction of the dorsal and 
lumbar regions: it is of an irregularly quadrilateral form, broader than the 
preceding, and separated from it by a wide interval. It arises by a thin 
aponeurosis from the spinous processes of the last two dorsal and two or three 
upper lumbar vertebree, and from the supraspinous ligament. Passing obliquely 
upwards and outwards, it becomes fleshy, and divides into four flat digitations, 
gihsigh are inserted into the lower borders of the four lower ribs, a little beyond 
their angles. The thin aponeurosis of origin is intimately blended with the 
lumbar fascia. 

Relations.—By its superficial surface, with the Latissimus dorsi. By its deep 
surface, with the Erector spine, ribs, and Intercostal muscles. Its upper margin 
is continuous with the vertebral aponeurosis. 

The Vertebral aponewrosis is a thin, fibrous lamina, extending along the whole 
length of the back part of the thoracic region, serving to bind down the long 
Extensor muscles of the back which support the spine and head, and separate 
them from those muscles which connect the spine to the upper extremity. It 
consists of longitudinal and transverse fibres blended together, forming a thin 
lamella, which is attached in the median line to the spinous processes of the 
dorsal vertebrx ; externally, to the angles of the ribs; and below, to the upper 
border of the Serratus posticus inferior and portion of the lumbar fascia, which 
gives origin to the Latissimus dorsi; above, it passes beneath the Serratus 
posticus superior and the Splenius, and blends with the deep fascia of the neck. 

The Lumbar fascia or aponeurosis (fig. 406), which may be regarded as the 
posterior aponeurosis of the Transversalis abdominis muscle, consists of three 
lamin, which are attached as follows: the posterior layer, to the spines of the 
lumbar and sacral vertebre and the supraspinous ligament; the middle, to the 
tips of the transverse processes of the lumbar vertebre and the intertransverse 
ligaments ; the anterior, to the roots of the lumbar transverse processes. The 
posterior layer is continued above as the vertebral aponeurosis, while inferiorly 
it is fixed to the outer lip of the iliac crest. With this layer are blended the 
aponeurotic origin of the Serratus posticus inferior and part of that of the 
Latissimus dorsi. The middle layer is attached above to the last rib, and below 
to the iliac crest; the anterior layer is fixed below to the ilio-lumbar ligament 
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and iliac crest ; while above it is thickened to form the external arcuate ligament 
of the Diaphragm, and stretches from the tip of the last rib to the transverse 
process of the first or second lumbar vertebra. These three layers, together 
with the vertebral column, enclose two spaces, the posterior of which is occupied 
by the Erector spine muscle, and the anterior by the Quadratus lumborum, 


Now detach the Serratus posticus superior from its origin, and turn it outwards, when 
the Splenius muscle will be brought into view. 


The Splenius is a broad sheet situated at the back of the neck and upper part 
of the dorsal region. At its origin, it is a single muscle, which arises, by 
tendinous fibres, from the lower half of the ligamentum nuche, from the spinous 
processes of the last cervical and of the six upper dorsal vertebre, and from the 
supraspinous ligament. From this origin, the fleshy fibres proceed obliquely 
upwards and outwards, forming a broad flat muscle, which divides as it ascends 
into two portions, the Splenius capitis and Splenius colli. 

The Splenius capitis is inserted, under cover of the Sterno-mastoid, into the 
mastoid process of the Temporal bone, and into the rough surface on the occipital 
bone just beneath the superior curved line. 

The Splenius colli is inserted, by tendinous fasciculi, into the posterior 
tubercles of the transverse processes of the two or three upper cervical vertebra. 

The Splenius is separated from its fellow of the opposite side by a triangular 
interval, in which is seen the Complexus. 

Relations.—By its superficial surface, with the Trapezius, from which it is 
separated below ine the Rhomboidei and the Serratus posticus superior. It is 
covered at its insertion by the Sterno-mastoid, and at the lower and back part 
of the neck by the Levator anguli scapule. By its deep surface, with the Spinalis 
dorsi, Longissimus dorsi, Semispinalis colli, Complexus, Trachelo-mastoid, and 
Transversalis cervicis. 

Nerves.—The Splenius is supplied from the external branches of the posterior 
divisions of the middle and lower cervical nerves ; the Serratus posticus superior 
is supplied by branches from the upper three or four intercostal nerves; the 
Serratus posticus inferior, by branches from the ninth, tenth, and eleventh 
intercostal nerves. 

Actions.—The Serrati are respiratory muscles. The Serratus posticus 
superior elevates the ribs; it is therefore an inspiratory muscle; while the 
Serratus posticus inferior draws the lower ribs downwards and backwards, 
and thus elongates the thorax. It also fixes the lower ribs, thus assisting the 
RARIOR action of the Diaphragm and resisting the tendency which it has to 
draw the lower ribs upwards and forwards. It must therefore be regarded as a 
muscle of inspiration. This muscle is also probably a tensor of the vertebral 
aponeurosis. The Splenii muscles of the two sido acting together, draw 
the head directly backwards, assisting the Trapezius and Complexus; acting 
separately, they draw the head to one or the other side, and slightly rotate it, 
turning the face to the same side. They also assist in supporting the head 
in the erect position. 


Fourta LAYER 


1. Erector spins. 


a. Outer Column. b. Middle Column. 
Ilio-costalis. Longissimus dorsi. 
Musculus accessorius. Transversalis cervicis. 
Cervicalis ascendens. Trachelo-mastoid. 


c. Inner Column. 
Spinalis dorsi. 
2. Complexus. 
Dissection.—To expose the muscles of the fourth layer, remove entirely the Serrati and 


the vertebral and lumbar fascie. Then detach the Splenius by separating its attachment 
to the spinous processes and reflecting it outwards. 


The Erector spine (fig. 407), and its prolongations in the dorsal and cervical 
regions, fill up the vertebral groove on each side of the spine. It is covered in 
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Fra. 407.—Muscles of the back. Deep layers. 
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the lumbar region by the lumbar fascia; in the dorsal region by the Serrati 
muscles and the vertebral aponeurosis; and in the cervical region by a layer of 
cervical fascia continued beneath the Trapezius and the Splenius. This large 
muscular and tendinous mass varies in size and structure at different parts of 
the spine. In the sacral region, the Erector sping is narrow and pointed, and 
its origin chiefly tendinous in structure. In the lumbar region, the muscle 
becomes enlarged, and forms a thick fleshy mass. In the dorsal region, it is 
subdivided into three parts, which gradually diminish in size as they ascend to 
be inserted into the vertebre and ribs. 

The Erector spine arises from the anterior surface of a very broad and thick 
tendon, which is attached, internally, to the spines of the sacrum, to the spinous 
processes of the lumbar and the eleventh and twelfth dorsal vertebrx, and the 
supraspinous ligament ; externally, to the back part of the inner lip of the crest 
of the ilium, and to the series of eminences on the posterior part of the sacrum, 
which represent the transverse processes, where it blends with the great sacro- 
sciatic and posterior sacro-iliac ligaments. Some of its fibres are continuous 
with the fibres of origin of the Gluteus maximus. The muscular fibres form a 
large fleshy mass, bounded in front by the transverse processes of the lumbar 
vertebra, and by the middle lamella of the lumbar fascia. Opposite the last 
rib it divides into two parts, the Ilio-costalis and the Longissimus dorsi; the 
Spinalis dorsi is given off from the latter in the upper dorsal region. 

The Tlio-costalis or Sacro-lumbalis, the external portion of the Erector spina, 
is Inserted, generally, by six or seven flattened tendons, into the inferior borders 
of the angles of the six or seven lower ribs. The number of the tendons of this 
muscle is, however, very variable, and therefore the number of ribs into which it 
is inserted. If this muscle is reflected outwards, it will be seen to be reinforced 
by a series of muscular slips, which arise from the angles of the ribs; by means 
of these the Ilio-costalis is continued upwards to the upper ribs, and the cervical 
portion of the spine. The accessory portions form two additional muscles, the 
Musculus accessorius and the Cervicalis ascendens. | 

The Musculus accessorius ad ilio-costalem arises, by separate flattened 
tendons, from the upper borders of the angles of the six lower ribs: these become 
muscular, and are finally inserted, by separate tendons, into the upper borders of 
the angles of the six upper ribs and into the back of the transverse process of the 
seventh cervical vertebra. 

The Cervicalis ascendens is the continuation of the Accessorius upwards into 
the neck ; it is situated on the inner side of the tendons of the Accessorius, arising 
from the angles of the third, fourth, fifth, and sixth ribs, and is inserted by a series 
of slender tendons into the posterior tubercles of the transverse processes of the 
fourth, fifth, and sixth cervical vertebree. 

The Longissimus dorsi is the middle and largest portion of the Erector sping. 
In the lumbar region, where it is as yet blended with the Ilio-costalis, some of 
the fibres are attached to the whole length of the posterior surface of the trans- 
verse processes and the accessory processes of the lumbar vertebre, and to the 
middle layer of the lumbar fascia. In the dorsal region, the Longissimus dorsi 
is inserted, by rounded tendons, into the tips of the transverse processes of all 
the dorsal vertebree, and by fleshy processes into the lower nine or ten ribs between 
their tubercles and angles. This muscle is continued upwards, to the cranium 
and cervical portion of the spine, by means of two additional museles, the 
Transversalis cervicis and Trachelo-mastoid. 

The Transversalis cervicis (transversalis capitis), placed on the inner side of 
the Longissimus dorsi, arises by long thin tendons from the summits of the 
transverse processes of the upper four or five dorsal vertebrae, and is inserted by 
similar tendons into the posterior tubercles of the transverse processes of the 
cervical vertebra from the second to the sixth inclusive. 

The Trachelo-mastoid lies on the inner side of the preceding, between it and 
the Complexus muscle. It arises, by tendons, from the transverse processes of 
the four or five upper dorsal vertebrae, and the articular processes of the three or 
four lower cervical. The fibres form a small muscle, which ascends to be inserted 
into the posterior margin of the mastoid process, beneath the Splenius and 
Sterno-mastoid muscles. This small muscle is almost always crossed by m 
tendinous intersection near its insertion into the mastoid process. 

The Spinalis dorsi is situated at the inner side of the Longissimus dorsi, with 
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which it is intimately blended, and arises by three or four tendons, from the 
spinous processes of the first two lumbar and the last two dorsal vertebre : these, 
uniting, form a small muscle, which is inserted, by separate tendons, into the 
spinous processes of the dorsal vertebrae, the number varying from four to eight. 
It is intimately united with the Semispinalis dorsi, which lies beneath it. 


The Spinalis colli is an inconstant muscle, which arises from the lower part of the 
ligamentum nuche, the spine of the seventh cervical, and sometimes from those of the 
first and second dorsal vertebræ, and is inserted into the spinous process of the axis, and 
occasionally into the spinous processes of the two vertebre below it. This muscle was 
found absent in five cases out of twenty-four. 


Relations.— The Erector spine and its prolongations are bound down to the 
vertebrae and ribs in the lumbar and dorsal regions by the lumbar fascia and 
the vertebral aponeurosis. The inner part of these muscles covers the muscles 
of the fifth layer. In the neck, they are in relation, by their superficial surface, 
with the Trapezius and Splenius; by their deep surface, with the Semispinalis 
dorsi and colli, and the Recti and Obliqui. 

The Complexus is a broad thick muscle, situated at the upper and back part 
of the neck, beneath the Splenius, and internal to the Transversalis cervicis and 
Trachelo-mastoid. Itarises, by a series of tendons, from the tips of the transverse 
processes of the upper six or seven dorsal and the last cervical vertebrae, and from 
the. articular processes of the three cervical above this. The tendons, uniting, 
form a broad muscle, which passes obliquely upwards and inwards, and is inserted 
into the innermost. depression between the two curved lines of the occipital bone. 
This muscle, about its middle, is traversed by an imperfect tendinous intersection. 
The term Biventer cervicis is given to the inner portion of the Complexus; 
this portion is usually separated from the rest of the muscle, and consists of two 
fleshy bellies connected by an intervening tendon. 

Relations—The Complexus is covered by the Splenius and the Trapezius. 
It lies on the Rectus capitis posticus major and minor, the Obliquus capitis 
superior and inferior, and on the Semispinalis colli, from which it is separated 
by the profunda cervicis artery, the princeps cervicis artery, and branches of 
the posterior primary divisions of the cervical nerves. The Biventer cervicis is 
separated from its fellow of the opposite side by the ligamentum nuche. 


Fipra DAYER 


The fifth layer, or rather group, of muscles comprises the 


Semispinalis dorsi, Extensor coccygis. 
Semispinalis colli. Intertransversales. 

Multifidus spine. Rectus capitis posticus major. 
Rotatores spine. Rectus capitis posticus minor. 
Interspinales. Obliguus capitis inferior. 


Obliguus capitis superior. 


Dissection.—Remove the muscles of the preceding layer by dividing and turning aside 
the Complexus; then detach the Spinalis and Longissimus dorsi from their attachments, 
divide the Erector spine at its connection below to the sacral and lumbar spines, and turn 
it outwards. The muscles filling up the interval between the spinous and transverse 
processes are then exposed. 


The Semispinalis dorsi (fig. 407) consists of thin, narrow, fleshy fasciculi, 
interposed between tendons of considerable length. It arises by a series of small 
tendons from the transverse processes of the lower dorsal vertebra, from the 
sixth to the tenth inclusive; and is inserted, by five or six tendons, into the 
spinous processes of the upper four dorsal and lower two cervical vertebre. 

The Semispinalis colli, thicker than the preceding, arises by a series of 
tendinous and fleshy fibres from the transverse processes of the upper five or six 
dorsal vertebra, and is inserted into the cervical spinous processes, from the 
axis to the fifth inclusive. The fasciculus connected with the axis is the largest 
and is chiefly muscular in structure. 

Relations.—By their superficial surface, from below upwards, with the 
Spinalis dorsi, Longissimus dorsi, Splenius, Complexus, the profunda cervicis 
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artery, the princeps cervicis artery, and the internal branches of the posterior 
divisions of the first, second, and third cervical nerves. By their deep surface, 
with the Multifidus spine. | 

The Multifidus spine consists of a number of fleshy and tendinous fasciculi, 
which fill up the groove on either side of the spinous processes of the vertebra, 
from the sacrum to the axis. In the sacral region, these fasciculi arise from the 
back of the sacrum, as low as the fourth sacral foramen, and from the aponeurosis 
of origin of the Erector spinæ; from the inner surface of the posterior superior 
spine of the ilium, and posterior sacro-iliac ligaments; in the lumbar regions, 
from the mammillary processes; in the dorsal region, from the transverse pro- 
cesses ; and in the cervical region, from the articular processes of the four lower 
vertebree. Each fasciculus, passing obliquely upwards and inwards, is inserted 
into the whole length of the.spinous process of one of the vertebra above. 
These fasciculi vary in length: the most superficial, the longest, pass from 
one vertebra to the third or fourth above; those next in order pass from 
one vertebra to the second or third above; while the deepest connect two 
contiguous vertebre. 

Relations.—By its superficial surface, with the Longissimus dorsi, Spinalis 
dorsi, Semispinalis dorsi, and Semispinalis colli. By its deep surface, with the 
laminge and spinous processes of the vertebræ, and with the Rotatores spine in 
the dorsal region. 

The Rotatores spine are found only in the dorsal region of the spine, beneath 
the Multifidus spine; they are eleven in number on each side. Each muscle 
is small and somewhat quadrilateral in form ; it arises from the upper and back 
part of the transverse process, and is inserted into the lower border and outer 
surface of the lamina of the vertebra above, the fibres extending as far inwards 
as the root of the spinous process. The first is found between the first and 
second dorsal; the last, between the eleventh and twelfth. Sometimes the 
number of these muscles is diminished by the absence of one or more from the 
upper or lower end. 

The Interspinales are short muscular fasciculi, placed in pairs between the 
spinous processes of the contiguous vertebree, one on each side of the interspinous 
ligament. In the cervical region, they are most distinct, and consist of six pairs, 
the first being situated between the axis and third vertebra, and the last between 
the last cervical and the first dorsal. They are small narrow bundles, attached, 
above and below, to the apices of the spinous processes. In the dorsal region, 
they are found between the first and second vertebræ, and sometimes between 
the second and third; and below, between the eleventh and twelfth. In the 
lumbar region, there are four pairs of these muscles in the intervals between the 
five lumbar vertebra. There is also occasionally one in the interspinous space, 
between the last dorsal and first lumbar, and between the fifth lumbar and the 
sacrum. 


The Extensor coccygis is a slender muscular fasciculus, which is not always present ; it 
extends over the lower part of the posterior surface of the sacrum and coccyx. It arises 
by tendinous fibres from the last bone of the sacrum, or first piece of the coecyx, and 
passes downwards to be inserted into the lower part of the coccyx. It is a rudiment of 
the Extensor muscle of the caudal vertebre of the lower animals. 


The Intertransversales are small muscles placed between the transverse pro- 
cesses of the vertebra. In the cervical region they are most developed, consisting 
of rounded muscular and tendinous fasciculi, which are placed in pairs, passing 
between the anterior and the posterior tubercles respectively of the transverse 
processes of two contiguous vertebre, separated from one another by the anterior 
division of the cervical nerve, which lies in the groove between them. In this 
region there are seven pairs of these muscles, the first pair being between 
the atlas and axis, and the last pair between the seventh cervical and first.dorsal 
vertebrae. In the dorsal region they are least developed, consisting chiefly 
of rounded tendinous cords in the intertransverse spaces of the upper dorsal 
vertebra; but between the transverse processes of the lower three dorsal 
vertebra, and between the transverse processes of the last dorsal and the first 
lumbar, they are muscular in structure. In the lumbar region they are arranged 
in pairs, on either side of the spine; one set occupying the entire interspace 
between the transverse processes of the lumbar vertebrae, the intertransversales 
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laterales ; the other set, intertransversales mediales, passing from the accessory 
process of one vertebra to the mammillary process of the vertebra below.* 

The Rectus capitis posticus major arises by a pointed tendinous origin from 
the spinous process of the axis, and, becoming broader as it ascends, is inserted 
into the outer part of the inferior curved line of the occipital bone and the surface 
of bone immediately below it. As the muscles of the two sides pass upwards 
and outwards, they leave between them a triangular space, in which are seen the 
Recti capitis postici minores muscles. 

Relations.—By its superficial surface, with the Complexus ; and, at its inser- 
tion, with the Superior oblique. By its deep surface, with part of the Rectus 
capitis posticus minor, the posterior arch of the atlas, the posterior occipito- 
atlantal ligament, and part.of the occipital bone. 

The Rectus capitis posticus minor, the smallest of the four muscles in this 
region, is of a triangular shape; it arises by a narrow pointed tendon from the 
tubercle on the posterior arch of the atlas, and, becoming broader as it ascends, 
is inserted into the inner part of the inferior curved line of the occipital bone and 
the surface between it and the foramen magnum. 

Relations.—By its superficial surface, with the Complexus and the Rectus 
po posticus major. By its deep surface, with the posterior occipito-atlantal 

igament. 

The Obliquus capitis inferior, the larger of the two Oblique muscles, arises 
from the apex of the spinous process of the axis, and passes outwards and 
slightly upwards, to be aa into the lower and back part of the transverse 
process of the atlas. 

Relations.—By its superficial surface, with the Complexus and with the 
posterior division of the second cervical nerve which turns round its lower 
border. By its deep surface, with the vertebral artery, and posterior atlanto-axial 
ligament. 

The Obliquus capitis superior, narrow below, wide and expanded above, arises 
by tendinous fibres from the upper surface of the transverse process of the atlas, 
joining with the insertion of the preceding, and, passing obliquely upwards and 
inwards, is inserted into the occipital bone, between the two curved lines, external 
to the Complexus. 

Relations.—By its superficial surface, with the Complexus and Trachelo- 
mastoid and occipital artery. By its deep surface, with the posterior occipito- 
atlantal ligament. 

The Suboccipital triangle —Between the two oblique muscles and the Rectus 
capitis posticus major a triangular interval exists, the suboccipital triangle. This 
triangle is bounded, above and internally, by the Rectus capitis posticus major ; 
above and externally, by the Obliquus capitis superior; below and externally, 
by the Obliquus capitis inferior. It is covered in by a layer of dense fibro-fatty 
tissue, situated beneath the Complexus muscle. The floor is formed by the 
posterior occipito-atlantal ligament and the posterior arch of the atlas. It 
contains the vertebral artery, as it runs in a deep groove on the upper surface of 
the posterior arch of the atlas; and the posterior division of the suboccipital 
nerve. 

Nerves.—The fourth and fifth layers of the muscles of the back are supplied 
by the posterior primary divisions of the spinal nerves. 

Actions——When both the Spinales dorsi contract, they extend the dorsal 
region of the spine; when only one contracts, it helps to bend the dorsal portion 
of the spine to one side. The Erector spinw, comprising the Tlio-costalis and 
the Longissimus dorsi with their accessory muscles, serves, as its name implies, 
to maintain the spine in the erect posture; it also serves to bend the trunk 
backwards when it is required to counterbalance the influence of any weight at 
the front of the body—as, for instance, when a heavy weight is suspended from 
the neck, or when there is any great abdominal distension, as in pregnancy or 
dropsy ; the peculiar gait under such circumstances depends upon the spine 
being drawn backwards, by the counterbalancing action of the Erector spine 
muscles. The muscles which form the continuation of the Erector spin 
upwards steady the head and neck, and fix them in the upright position. If the 

* The student is referred to an article on the morphology of the human intertrans- 
verse muscles, by J. Dunlop Lickley; Journal of Anatomy and Physiology, vol. xxxix. 
1904. 
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{lio-costalis and Longissimus dorsi of one side act, they serve to draw down the 
chest and spine to the corresponding side. The Cervicales ascendentes, taking 
their fixed points from the cervical vertebre, elevate those ribs to which they are 
attached ; taking their fixed points from the ribs, both museles help to extend 
the neck ; while one muscle bends the neck to its own side. The Transversales 
cervicis, when both muscles act, taking their fixed points from below, bend the 
neck backwards. The Trachelo-mastoid, when both muscles act, taking their 
fixed points from below, bend the head backwards; while, if only one muscle 
acts, the face is turned to the side on which the muscle is acting, and then the 
head is bent to the shoulder. The two Recti muscles draw the head backwards. 
The Rectus capitis posticus major, owing to its obliquity, rotates the cranium, 
with the atlas, round the odontoid process, turning the face to the same side. 
The Multifidus spine acts successively upon the different parts of the spine: 
thus, the sacrum furnishes a fixed point from which the fasciculi of this muscle 
act upon the lumbar region; these then become the fixed points for the fasciculi 
moving the dorsal region, and so on throughout the entire length of the spine ; 
it is by the successive contraction and relaxation of the separate fasciculi of this 
and other muscles that the spine preserves the erect posture without the fatigue 
that would necessarily have been produced had this position been maintained by 
the action of a single muscle. The Multifidus spine, besides preserving the 
erect position of the spine, serves to rotate it, so that the front of the trunk is 
turned to the side opposite to that from which the muscle acts, this muscle being 
assisted in its action by the Obliquus externus abdominis. The Complexi draw 
the head directly backwards; if one muscle acts, it draws the head to one side, 
and rotates it so that the face is turned to the opposite side. The Superior 
oblique draws the head backwards; and, from the obliquity in the direction -of 
its fibres, will slightly rotate the cranium, turning the face to the opposite side. 
The Obliquus capitis inferior rotates the atlas, and with it the cranium, round 
the odontoid process, turning the face to the same side. The Semispinales, when 
the muscles of the two sides act together, help to extend the spine ; when the 
muscles of one side only act, they rotate the dorsal and cervical parts of the 
Spine, turning the body to the opposite side, The Interspinales by approxi- 
mating the spinous process help to extend the spine. The Intertransversales 
approximate the transverse processes, and help to bend the spine to one side. 
The Rotatores spine assist the Multifidus spine to rotate the spine, so that the 


front of the trunk is turned to the side opposite to that from which the muscle 
acts. 


Surface Form.—The surface forms produced by the muscles of the back are numerous 
and difficult to analyse unless they are considered in systematic order. The most super- 
ficial layer, consisting of large strata of muscular substance, influences to a certain extent 
the surface form, and at the same time reveals the forms of the layers beneath. The 
Trapezvus at the upper part of the back, and in the neck, covers over and softens dewn 
the outline of the underlying muscles. Its anterior border forms the posterior boundary 
of the posterior triangle of the neck. It presents a slight undulating ridge which passes 
downwards and forwards from the occiput to the junction of the middle and outer third 
of the clavicle. The tendinous ellipse formed by a part of the origin of the two muscles 
at the back of the neck is always to be seen as an oval depression, more marked when 
the muscle is in action. A slight dimple on the skin opposite the interval between the 
spinous processes of the third and fourth dorsal vertebrae marks the triangular aponeurosis 
by which the inferior fibres are inserted into the root of the spine of the scapula, From 
this point the inferior border of the muscle may be traced as an undulating ridge to the 
spinous process of the twelfth dorsal vertebra. In like manner, the Latissimus dorsi 
softens down and modulates the underlying structures at the lower part of the back and 
lower part of the side of the chest. In this way it modulates the outline of the Erector 
spine ; of the Serratus posticus inferior, which is sometimes to be discerned through it, 
and is sometimes entirely obscured by it; of part of the Serratus magnus and Superior 
oblique, which it covers, and of the convex oblique ridges formed by the ribs with the 
intervening intercostal spaces. The anterior border of the muscle is the only part which 
gives a distinct surface form. This border may be traced, when the muscle is in action, 
as a rounded edge, starting from the crest of the ilium, and passing obliquely forwards 
and upwards to the posterior border of the axilla, where it combines with the Teres major 
in forming a thick rounded fold, the posterior boundary of the axillary space. The muscles 
in the second layer influence to a very considerable extent the surface form of the back of 
the neck and upper part of the trunk. The Levator anguli scapule reveals itself as a 
prominent divergent line, running downwards and outwards, from the transverse processes 
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of the upper cervical vertebre to the angle of the scapula, covered over and toned down by 
the overlying Trapezius. The Rhombotdei produce, when in action, a vertical eminence 
between the vertebral border of the scapula and the spinal furrow, varying in intensity 
according to the condition of contraction or relaxation of the Trapezius muscle, by which 
they are for the most part covered. The lowermost part of the Rhomboideus major is 
uncovered by the Trapezius and forms on the surface an oblique ridge running upwards 
and inwards from the inferior angle of the scapula. Of the muscles of the third layer of 
the back, the Serratus posticus superior does not in any way influence surface form. 
The Serratus posticus inferior, when in strong action, may occasionally be revealed as 
an elevation beneath the Latissimus dorsi. The Spleni by their divergence serve to 
broaden out the upper part of the back of the neck and produce a local fulness in this 
situation, but do not otherwise influence surface form. Beneath all these muscles those 
of the fourth layer—the Erector sping and its continuations—influence the surface form 
in a decided manner. In the loins, the Erector spine, bound down by the lumbar fascia, 
forms a rounded vertical eminence, which determines the depth of the spinal furrow, and 
which below tapers to a point on the posterior surface of the sacrum and becomes lost 
there. In the back it forms a flattened plane which gradually becomes lost. In the neck 
the only part of this group of muscles which influences surface form is the T’rachelo- 
mastoid, which produces a short convergent line across the upper part of the posterior 
triangle of the neck, appearing from under cover of the posterior border of the Sterno- 
mastoid and being lost below beneath the Trapezius. 


Il. MECSCLES AND Fascia or THE THORAX 


The muscles belonging exclusively to this region are few in number. They 
are, the 


Intercostales externi. Triangularis sterni. 
Intereostales interni. Levatores costarum. 
Infracostales. Diaphragm. 


Intercostal fasciæ.—A thin but firm layer of fascia covers the outer surface 
of the External intercostal and the inner surface of the Internal intercostal 
muscles; and a third layer, the middle intercostal fascia, more delicate, is 
interposed between the two planes of muscular fibres. These are the intercostal 
fasciæ : they are best marked in those situations where the muscular fibres are 
deficient, as between the External intercostal muscles and sternum, in front ; 
and between the Internal intercostals and spine, behind. 

The Intercostal muscles (fig. 422) are two thin planes of muscular and 
tendinous fibres, placed one over the other, filling up the intercostal spaces, and 
being directed obliquely between the margins of the adjacent ribs. They have 
received the name ‘external’ and ‘internal,’ from the position they bear to 
one another. The tendinous fibres are longer and more numerous than the 
muscular: hence the walls of the intercostal spaces possess very considerable 
strength, to which the crossing of the muscular fibres materially contributes. 

The External intercostals are eleven in number on each side.. They extend 
from the tubercles of the ribs, behind, to the commencement of the cartilages of 
the ribs, in front, where they terminate in a thin membrane, the anterior 
intercostal membrane, which is continued forwards to the sternum. They arise 
from the lower border of each rib, and are inserted into the upper border of the 
rib below. In the two lowest spaces they extend to the end of the cartilages, 
and in the upper two or three spaces they do not quite extend to the ends of 
the ribs. Their fibres are directed obliquely downwards and forwards, in a 
similar direction to those of the External oblique muscle of the abdomen. They 
are thicker than the Internal intercostals. 

Relations —By their outer surface, with the muscles which immediately 
invest the chest, viz. the Pectoralis major and minor, Serratus magnus, and 
Rhomboideus major, Serratus posticus superior and inferior, Scalenus posticus, 
{lio-costalis, Longissimus dorsi, Cervicalis ascendens, Transversalis cervicis, 
Levatores costarum, Obliquus externus abdominis, and the Latissimus dorsi. 
By their internal surface, with the intercostal vessels and nerve, the Internal 
intercostal muscles, and the posterior intercostal membrane. 

The Internal intercostals are also eleven in number on each side. They 
commence anteriorly at the sternum, in the interspaces between the cartilages of 
the true ribs, and from the anterior extremities of the cartilages of the false ribs, 
and extend backwards as far as the angles of the ribs ; whence they are continued 
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to the vertebral column by a thin aponeurosis, the posterior intercostal membrane. 
They arise from the ridge on the inner surface of each rib, as well as from the 
corresponding costal cartilage, and are inserted into the upper border of the rib 
below. Their fibres are directed obliquely downwards and backwards, passing in 
the opposite direction to the fibres of the External intercostal muscles. 

Relations.—By their external surface, with the intercostal vessels and nerves, 
and the External intercostal muscles ; near the sternum, with the anterior inter- 
costal membrane, and the Pectoralis major. By their internal surface, with the 
pleura costalis, Triangularis sterni, and Diaphragm. H, 

The Infracostales (subcostales) consist of muscular and aponeurotic fasciculi, 
which vary in number and length: they are placed on the inner surface of the 

ribs, where the Internal 

Fie. 408.—Posterior surface of sternum and costal intercostal muscles cease; 

cartilages, showing Triangularis sterni muscle. they arise from the inner 

(From a preparation in the Museum of the Royal surface of one rib, and are 

College of Surgeons of England.) inserted into the inner sur- 

Sterno- face of the first, second, or 

mastoid third rib below. Their fibres 

PONN run in the same direction 

D 6 as those of the Internal in- 

BEZELA tercostals. They are most 

frequent between the lower 
ribs. 

The Triangularis sterni 
ENNA SÀ En (fig. 408) is a thin plane 
1 TNS AE ZAI of muscular and tendinous 
oud zzz fibres, situated upon the 
inner wall of the front of 
the chest. It arises from the 
lower third of the posterior 
surface of the sternum, from 
the posterior surface of the 
ensiform cartilage, and from 
the sternal ends of the 
costal cartilages of the three 
or four lower true ribs. Its 
fibres diverge upwards and 
outwards, to be inserted by 
digitations into the lower 
border and inner surfaces of 
the costal cartilages of the 
second, third, fourth, fifth, 
and sixth ribs. The lowest 
fibres of this muscle are 
horizontal in their direction, 
and are continuous with 
those of the Transversalis : 
those which succeed are 
oblique, while the superior 
fibres are almost vertical. 
This muscle varies much in 
its attachment, not only in 
different bodies, but on opposite sides of the same body. 

Relations.—In front, with the sternum, ensiform cartilage, costal cartilages, 
Internal intercostal muscles, and internal mammary vessels. Behind, with the 
pleura, pericardium, and anterior mediastinum. 

The Levatores costarum (fig. 407), twelve in number on each side, are small 
tendinous and fleshy bundles, which arise from the extremities of the transverse 
processes of the seventh cervical and eleven upper dorsal vertebræ, and, passing 
obliquely downwards and outwards like the fibres of the External intercostals, 
are inserted into the upper border of the rib below them, between the tubercle 
and the angle. The inferior Levatores divide into two fasciculi, one of which is 
inserted as above described ; the other fasciculus passes down to the second rib 
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below its origin; thus, each of the lower ribs receives fibres from the transverse 
processes of two vertebra. 

Nerves.—The muscles of this group are supplied by the intercostal nerves. 

The Diaphragm (Siddpaypa, a partition wall) (fig. 409) is a dome-shaped 
musculo-fibrous septum, consisting of muscular fibres externally, which arise 
from the circumference of the thoracic cavity and pass upwards and inwards to 
converge to a central tendon. It separates the thorax from the abdomen, forming 
the floor of the former cavity and the roof of the latter. It arises from the whole 
of the internal circumference of the thorax: being attached, in front, by two 
fleshy slips to the ensiform cartilage ; on either side, to the inner surface of the 
cartilages and bony portions of the six inferior ribs, interdigitating with the 
Transversalis abdominis; and behind, to two aponeurotic arches, named the 
ligamenta arcuata; and by the crura, to the lumbar vertebre. The fibres from 
these sources vary in length; those arising from the ensiform appendix are very 


Fie. 409.—The Diaphragm. Under surface. 
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‘onally aponeurotic; those from the ligamenta arcuate, and more 
ey oe from hie Gtia of the ribs at the side of the chest, are longer, 
describe well-marked curves as they ascend, and finally converge to be inserted 
into the circumference of the central tendon. Between the origin from the 
ensiform appendix and that from the cartilages of the adjoining ribs, the fibres 
of the Diaphragm are deficient, the interval being filled by areolar tissue ; this 
interval transmits the superior epigastric branch of the internal mammary artery, 
covered on the thoracic side by the pleure ; on the abdominal, by the pantera 
A triangular gap is sometimes seen between the fibres springing from the gree 
and those arising from the external arcuate ligament. When it exists the kidney 
is only separated from the pleura by fatty and areolar tissue. 

The ligamentum arcuatum imiernum 18 a tendinous arch, thrown Bauab € 
upper part of the Psoas magnus muscle, on each side of the spine. it 18 
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connected, by one end, to the outer side of the body of the first or second lumbar 
vertebra, being continuous with the outer side of the tendon of the corresponding 
crus ; and, by the other end, to the front of the transverse process of the first, and 
sometimes also to that of the second, lumbar vertebra. 

The ligamentum arcuatum externum is the thickened upper margin of the 
anterior lamella of the lumbar fascia; it arches across the upper part of the 
Quadratus lumborum, being attached, by one extremity, to the front of the 
transverse process of the first lumbar vertebra ; and, by the other, to the apex 
and lower margin of the last rib. 

The Crura,—The Diaphragm is connected to the spine by two crura or pillars, 
which are situated on the bodies of the lumbar vertebra, on each side of the 
aorta. The crura, at their origin, are tendinous in structure: the right crus, 
larger and longer than the left, arising from the anterior surface of the bodies 
and intervertebral substances of the three upper lumbar vertebre ; the left, from 
the two upper; both blending with the anterior common ligament of the spine. 
These tendinous portions of the crura pass forwards and inwards and gradually 
converge to meet in the middle line, forming an arch, the ligamentum arcuatum 
mediwm, beneath which pass the aorta, vena azygos major, and thoracic duct. 
From this tendinous arch muscular fibres arise, which diverge, the outermost 
being directed upwards and outwards to the central tendon; the innermost 
decussating in front of the aorta, and then diverging, so as to surround the 
cesophagus before ending in the central tendon. The fibres derived from the 
ree ous are the most numerous, and pass in front of those derived from 
the lett. 

The Central or Treforl Tendon of the Diaphragm is a thin but strong tendinous 
aponeurosis, situated near the centre of the vault formed by the muscle, but 
somewhat closer to the front of the chest than the back, so that the posterior 
muscular fibres are the longer. It is situated immediately below the peri- 
cardium, with which it is party blended. It is shaped somewhat like a trefoil 
leaf, consisting of three divisions, or leaflets, separated from one another by 
slight indentations. The right leaflet is the largest; the middle one, directed 
towards the ensiform cartilage, the next in size; and the left, the smallest. In 
structure, the tendon is composed of several planes of fibres, which intersect 
one another at various angles, and unite into straight or curved bundles—an 
arrangement which affords it additional strength. | 

The Openings in the Diaphragm consist of three large and several smaller 
apertures. The former are the aortic, the cesophageal, and the vena caval. 

The aortic opening is the lowest and the most posterior of the three large 
apertures connected with this muscle, being at the level of the twelfth dorsal 
vertebra, It is situated slightly to the left of the middle line, immediately in 
front of the spinal column, and is, therefore, behind the Diaphragm. It is 
an osseo-aponeurotic aperture, formed by the ligamentum arcuatum medium 
thrown across the front of the bodies of the vertebree, from the crus on one 
side to that on the other, and transmits the aorta, vena azygos major, and 
thoracic duct. Sometimes the vena azygos major is transmitted upwards 
through the right crus. Occasionally some tendinous fibres are prolonged 
across the bodies of the vertebra from the inner part of the lower end of 
the crura, passing behind the aorta, and thus converting the opening into a 
fibrous ring. 

The esophageal opening is situated at the level of the tenth dorsal vertebra ; it 
is elliptical in form, muscular in structure, and formed by the decussating fibres 
of the two crura, which act as a sort of sphincter. It is placed above, in front, 
and a little to the left of the pam It transmits the cesophagus and pneumo- 
gastric nerves and some small esophageal arteries. The anterior margin of this 
mes is occasionally tendinous, being formed by the margin of the central 
endon. 

The opening for the vena cava (foramen quadratum) is the highest, and is 
situated about the level of the dise between the eighth and ninth dorsal vertebra; 
it is quadrilateral in form, tendinous in structure, and placed at the junction of 
the right and middle leaflets of the central tendon, its margins being adherent to 
the wall of the inferior vena cava. 

__ The right crus transmits the greater and lesser splanchnic nerves of the right 
side ; the left crus transmits the greater and lesser splanchnic nerves of the left 
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side, and the vena azygos minor. The gangliated cords of the sympathetic 
usually enter the abdominal cavity by passing behind the internal arcuate 
ligaments. The superior epigastric branch of the internal mammary artery, and 
some lymphatics from the convex surface of the liver and the abdominal wall, 
pass through the triangular interspace behind the ensiform cartilage, where the 
muscular fibres of the Diaphragm are deficient. 

The Serous Membranes in relation with the Diaphragm are four in number: 
three lining its upper or thoracic surface ; one, its abdominal. The three serous 
membranes on its upper surface are the pleura on either side, and the serous 
layer of the pericardium, which covers the middle portion of the tendinous 
centre. The serous membrane covering the greater part of its under surface is a 
portion of the general peritoneal membrane cf the abdominal cavity. 

The Diaphragm is arched, being convex towards the chest, and concave to 
the abdomen. The right portion is accurately moulded over the convex surface 
of the liver ; resting upon its upper surface is the concave base of the right lung. 
The left portion is lower than the right by about three-quarters of an inch. It 
supports the base of the left lung, and covers the great end of the stomach, the 
spleen, and left kidney. The central portion, which supports the heart, is on a 
slightly lower level than the two lateral portions. 

Nerves.—The Diaphragm is supplied by the phrenic and lower intercostal 
nerves and the phrenic plexus of the sympathetic. 

Actions.—The Intercostals are the chief agents in the movement of the ribs 
in ordinary respiration. When the first rib is elevated and fixed by the Scaleni, 
the External intercostals raise the other ribs, especially their fore part, and so 
increase the capacity of the chest from before backwards; at the same time 
they evert their lower borders, and so enlarge the thoracic cavity transversely. 
The Internal intercostals, at the side of the thorax, depress the ribs, and invert 
their lower borders, and so diminish the thoracic cavity; but at the fore part of 
the chest these muscles assist the External intercostals in raising the cartilages.* 
The Levatores costarum assist the External intercostals in raising the ribs. 
The Triangularis sterni draws down the costal cartilages ; it is therefore an 
expiratory muscle. 

The Diaphragm is the principal muscle of inspiration. When in a condition 
of rest the muscle presents a domed surface, concave towards the abdomen; and 
consists of a circumferential muscular and a central tendinous part. When the 
muscular fibres contract, they become less arched, or nearly straight, and thus 
cause the central tendon to descend, and in consequence the level of the floor 
of the chest is lowered, the vertical diameter of the chest being proportionately 
increased. In this descent the different parts of the tendon move unequally. 
The left leaflet descends to the greatest extent; the right to a less extent, on 
account of the liver; and the central leaflet the least, because of its connection 
to the pericardium. In descending, the Diaphragm presses on the abdominal 
viscera, and so to a certain extent causes a projection of the abdominal wall ; 
but in consequence of these viscera not yielding completely, the central tendon 
becomes a fixed point, and enables the circumferential muscular fibres to act 
from it, and so elevate the lower ribs and expand the lower part of the thoracic 
cavity; and Duchenne has shown that the Diaphragm has the power of 


* The view of the action of the Intercostal muscles given in the text is that which is 
taught by Hutchinson (Cycl. of Anat. and Phys. art, ‘ Thorax’), and is usually adopted 
in our schools. It is, however, much disputed. Hamberger believed that the External 
intercostals act as clevators of the ribs, or muscles of inspiration, while the Internal act 
in expiration. Haller taught that both sets of muscles act in common—viz. as muscles 
of inspiration—and this view is adopted by many. of the best anatomists of the Continent, 
and appears supported by many observations made on the human subject under various 
conditions of disease, and on living animals after the muscles have been exposed 
under chloroform. The reader may consult, an interesting paper by Cleland in the 
Journal of Anat. and Phys. No. IL., May 1867, p- 209,‘ On the Hutchinsonian Theory 
of the Action of the Intercostal Muscles.’ He refers to Henle, Luschka, Budge, and 
Bäumler, Observations on the Action of the Intercostat Muscles, Erlangen, 1860. (In 
New Syd. Soc.’s Year-Book for 1861, p. 69.) W. W. Keen has come to the con- 
clusion, from experiments made upon a criminal executed by hanging, that the External 
intercostala are muscles of expiration, as they pulled the ribs down, while the Internal 
intercostals pulled the ribs up, and are muscles of inspiration. (Trans. Coll. Phys. 
Philadelphia, Third Series, vol. i. 1875, p. 97-) e 
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elevating the ribs, to which it is attached, by its contraction, if the abdominal 
viscera are in situ, but that if these argans are removed, this power is lost. 
When at the end of inspiration, the Diaphragm relaxes, the thoracic walls 
return to their natural position in consequence of their elastic reaction and of 
the elasticity and weight of the displaced viscera.” ; 

In all expulsive acts the Diaphragm is called into action, to give additional 
power to each expulsive effort. Thus, before sneezing, coughing, laughing, and 
crying; before vomiting; previous to the expulsion of the urine and feces, or of 
the foetus from the womb, a deep inspiration takes place. 

The height of the Diaphragm is constantly varying during respiration ; it 
also varies according to the degree of distension of the stomach and intestines, 
and the size of the liver. After a forced expiration, the right arch is on a level, 
in front, with the fourth costal cartilage; at the side, with the fifth, sixth, and 
seventh ribs; and behind, with the eighth rib; the left arch being usually from 
one to two ribs’ breadth below the level of the right one. In a forced mspiration, 
it descends from one to two inches; its slope would then be represented by a 
line drawn from tbe ensiform cartilage towards the tenth rib. 

Muscles of Inspiration and Expiration—The muscles which assist the action 
of the Diaphragm in ordinary tranquil inspiration are the Intercostals and the 
Levatores costarum, as above stated, and the Scaleni. When the need for more 
forcible action exists, the shoulders and the base of the scapula are fixed, and 
then the powerful muscles of forced inspiration come into play; the chief of 
these are the Trapezius, the Pectoralis minor, the Serratus posticus superior 
and inferior, and the Rhomboidei. The lower fibres of the Serratus magnus may 
postialy assist slightly in dilating the chest by raising ang everting the ribs. 

he Sterno-mastoid also, when the head is fixed, assists in forced inspiration, 
by drawing up the sternum, and by fixing the clavicle, and thus affording a fixed 

oint for the action of the muscles of the chest. The Ilio-costalis and Quadratus 
umborum assist in forced inspiration by fixing the last rib (see page 493). 

The ordinary action of expiration is hardly effected by muscular force, but 
results from a return of the walls of the thorax to a condition of rest, owing 
to their elasticity and to that of the lungs. Forced expiratory actions are 
performed mainly by the flat muscles (Obliquiand Transversalis) of the abdomen, 
assisted also by the Rectus, Other muscles of forced expiration are the Internal 
intercostals and the Triangularis sterni (as above mentioned). 


III. MUSCLES or THE ABDOMEN 


The muscles of the abdomen may be divided into two groups: 1. The super- 
ficial muscles of the abdomen; 2. The deep muscles of the abdomen. 


1. SUPERFICIAL MUSCLES 
The muscles of this group are, the 


Obliquus Externus. Transversalis. 
Obliquus Internus. Rectus. 
Pyramidalis. 


Dissection (fig. 410),—To dissect the abdominal muscles, make a vertical incision from 
the ensiform cartilage to the symphysis pubis; a second incision from the umbilicus 
obliquely upwards and outwards to the outer surface of the chest, as high as the lower 
border of the fifth or sixth rib; and a third, commencing midway between the umbilicus 
and pubes, transversely outwards to the anterior superior iliac spine, and along the crest 
of the ilium as far as ifs posterior third, Then reflect the three flaps included between 
these incisions from within outwards, in the lines of direction of the muscular fibres, If 
necessary, the abdominal muscle may be made tense by inflating the peritoneal cavity 
through the umbilicus. 


The superficial fascia of the abdomen consists over the greater part of the 
abdominal wall of a single layer of fascia, which contains a variable amount of 
fat ; but as this layer approaches the groin it is easily divisible into two, between 


* For a detailed description of the general relations of the Diaphragm, and it 
refer to Sibson’s Medical Anatomy. poragm, andiite egiin, 
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which are found the superficial vessels and nerves and the superficial inguinal 
lymphatic glands. The superticial layer (fascia of Camper) is thick, areolar in 
texture, containing adipose tissue in its meshes, the quantity of which varies in 
different subjects. Below, it passes over Poupart’s ligament, and is continuous 
with the superficial fascia of the thigh. In the male, this fascia is continued over 
the penis and outer surface of the cord to the 

scrotum, where it helps to form the dartos. Fie. 410.—-Dissection of abdomen. 
As it passes to the scrotum it changes its 
character, becoming thin, destitute of adipose 
tissue, and of a pale reddish colour, and in 
the scrotum it acquires some involuntary 
muscular fibres. From the scrotum it may 
be traced backwards to be continuous with 
the superficial fascia of the perineum. In 
the female, this fascia is continued into the 
labia majora. The deeper layer (fascia of 
Scarpa) is thinner and more membranous 
in character than the superficial layer, and 
contains a considerable quantity of yellow 
elastic fibres. It is loosely connected by 
areolar tissue to the aponeurosis of the Ex- 3. Dissection 
ternal oblique, but in the middle line it is of inguina! 
more intimately adherent to the linea alba ee 
and to the symphysis pubis, and is prolonged 

on to the dorsum of the penis, forming the 
suspensory ligament ; above, it is continuous 

with the superficial fascia over the rest of 

the trunk; below, it blends with the fascia 

lata of the thigh a little below Poupart’s 
ligament; internally and below, it is con- 

tinued over the penis and spermatic cord 

to the scrotum, where it helps to form the 

dartos. From the scrotum it may be traced backwards to be continuous with 
the deep layer of thè superficial fascia of the perineum (fascia of Colles}. In 
the female, it is continued into the labia majora. 

The Obliquus externus abdominis (fig. 411) is situated on the side and fore 
part of the abdomen ; being the largest and the most superficial of the three 
flat muscles in this region. It is broad, thin, and irregularly quadrilateral, its 
muscular portion occupying the side, its aponeurosis the anterior wall of the 
abdomen. It arises, by eight fleshy digitations, from the external surfaces and 
lower borders of the eight inferior ribs; these digitations are arranged in an 
oblique line which runs downwards and backwards ; the upper ones being attached 
close to the cartilages of the corresponding ribs; the lowest to the apex of the 
cartilage of the last rib ; the intermediate ones, to the ribs at some distance from 
their cartilages. The five superior serrations increase in size from above down- 
wards, and are received between corresponding processes of the Serratus magnus ; 
the three lower ones diminish in size from above downwards, receiving between 
them corresponding processes from the Latissimus dorsi. From these attach- 
ments the fleshy fibres proceed in various directions. Those from the lowest 
ribs pass nearly vertically downwards, to be inserted into the anterior half of the 
outer lip of the crest of the ilium; the middle and upper fibres, directed down- 
wards and forwards, terminate in an aponeurosis, opposite a line drawn from the 
prominence of the ninth costal cartilage to the anterior superior spinous process 
of the ilium. 

The Aponeurosis of the External oblique is a thin but strong membranous 
structure, the fibres of which are directed obliquely downwards and inwards. 
It is joined with that of the opposite muscle along the median line, and covers 
the whole of the front of the abdomen; above, it is connected with the lower 
border of the Pectoralis major ; below, its fibres are closely aggregated together, 
and extend obliquely across from the anterior superior spine of the ilium to 
the spine of the os pubis and the linea ilio-pectinen. In the median line, it 
interlaces with the aponeurosis of the opposite muscle, forming the linea alba, 
which extends from the ensiform cartilage to the symphysis pubis. 
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That portion of the aponeurosis which extends between the anterior superior 
spine of the ilium and the spine of the os pubis is a thick band, folded inwards, 
and continuous below with the fascia lata; it is called Poupart s ligament. The 
portion which is reflected from Poupart’s ligament at the spine of the os pubis 
along the pectineal line is called Gimbernat’s ligament. From the point of 
attachment of the latter to the pectineal line, a few fibres pass upwards and 


Fig. 411.—The External oblique muscle. 
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inwards, behind the inner pillar of the ring, to the linea alba. They diverge 
as they ascend, and form a thin triangular fibrous layer, which is called the 
triangular fascia. 

In the aponeurosis of the External oblique, immediately above the crest of 
the os pubis, is a triangular opening, the external abdominal ring, formed by a 
separation of the fibres of the aponeurosis in this situation. 

Relations.—By its external surface, with the superficial fascia, superficial 
epigastric and circumflex iliac vessels, and some cutaneous nerves; By its 
internal surface, with the Internal oblique, the lower part of the eight inferior 
ribs, and Intercostal muscles, the Cremaster, the spermatic cord in the male, 
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and round ligament in the female. Its posterior border, extending from the 
last rib to the crest of the ilium, is fleshy throughout and free; it is occasionally 
overlapped by the Latissimus dorsi, though generally a triangular interval 
exists between the two muscles near the crest of the ilium, in which is seen 
a portion of the Internal oblique. This triangle, Petit's triangle, is therefore 
bounded in front by the External oblique, behind by the Latissimus dorsi, 
a p! the crest of the ilium, while its floor is formed by the Internal oblique 
g. 406). 

The following parts of the aponeurosis of the External oblique musele require 
to be further described, viz. the external abdominal ring, the intercolumnar fibres 
and fascia, Poupart’s ligament, Gimbernat’s ligament, and the triangular fascia. 

The External or Superficial abdominal ring.—Just above, and to the outer 
side of the ċrest of the os pubis, an interval is seen in the aponeurosis of the 
External oblique, called the Hzternal abdominal ring. The aperture is oblique 
in direction, somewhat triangular in form, and corresponds with the course of 
the fibres of the aponeurosis. It usually measures from base to apex about an 
inch, and transversely about half an inch. It is bounded below by the crest of 
the os pubis; above, by a series of curved fibres, the wntercolwmnar, which pass 
across the. upper angle of the ring, so as to increase its strength; and on each 
side, by the margins of the opening in the aponeurosis, which are called the 
columns or pillars of the ring. 

The external pillar, which is at the same time inferior from the obliquity of 
its direction, is the stronger; it is formed by that portion of Poupart’s ligament 
which is inserted into the spine of the os pubis; it is curved so as to form a kind 
of groove, upon which the spermatic cord rests. The internal or superior pillar 
is a broad, thin, flat band which is attached to the front of the symphysis pubis, 
interlacing with its fellow of the opposite side, that of the right side being 
superficial. 

The external abdominal ring gives passage to the spermatic cord and ilio- 
inguinal nerve in the male, and to the round ligament of the uterus and the 
ilio-inguinal nerve in the female: it is much larger in men than in women, on 
account of the large size of the spermatic cord, and hence the greater frequency 
of inguinal hernia in men. 

The intercolumnar fibres are a series of curved tendinous fibres, which arch 
across the lower part of the aponeurosis of the External oblique. They have 
received their name from stretching across between the two pillars of the 
external ring, describing a curve with the convexity downwards. They are much 
thicker and stronger at the outer margin of the external ring, where they are 
connected to Poupart’s ligament, than internally, where they are inserted 
into the linea alba. They are more strongly developed in the male than in the 
female. The intercolumnar fibres increase the strength of the lower part of the 
aponeurosis, and prevent the divergence of the pillars from one another. 

These intercolumnar fibres, as they pass across the external abdominal ring, 
ere themselves connected together by delicate fibrous tissue, thus forming a 
fascia which, as it is attached to the pillars of the ring, covers it in, and is called 
the intercolumnar fascia. This intercolumnar fascia is continued down as a 
tubular prolongation around the spermatic cord and testis, and encloses them 
in a distinct sheath; hence it is also called the external spermatic fascia. 
The external abdominal ring is only seen as a distinct aperture after the external 
spermatic fascia has been removed from its pillars. 


The sac of an inguinal hernia, in passing through the external abdominal ring, receives 
an investment from the intercolumnar fascia. 


Poupart’s ligament is the lower border of the aponeurosis of the External 
oblique muscle, which extends from the anterior superior spine of the ilium 
to the spine of the os pubis. From this latter point it is reflected backwards 
and outwards to be attached to the pectineal line for about half an inch, forming 
Gimbernat’s ligament. Its general direction is curved downwards towards the 
thigh, where if is continuous with the fascia lata. Its outer half is rounded 
and oblique in direction. Its inner half gradually widens at its attachment to 
the os pubis, is more horizontal in direction, and lies beneath the spermatic cord. 

Nearly the whole of the space included between the crural arch and the 
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innominate bone is filled in by the parts which descend from the abdomen into 
the thigh. These will be referred to again on a subsequent page. i 

Gimbernat’s ligament is that part of the aponeurosis of the External oblique 
muscle which is reflected backwards and outwards from the spine of the os pubis 
to be inserted into the pectineal line. It is about half an inch in length, larger in 
the male than in the female, almost horizontal in direction in the erect posture, 
and of.a triangular form with the base directed outwards. Its base, or outer 
margin, is concave, thin, and sharp, and forms the inner boundary of the crural 
ring. Its apex corresponds to the spine of the os pubis. Its posterior margin 
is attached to the pectineal line, and 1s continuous with the pubie portion of 
the fascia lata. Its anterior margin is attached to Poupart’s ligament. Its 
surfaces are directed upwards and downwards. 

The triangular fascia of the abdomen is a layer of tendinous fibres of a 
triangular shape, formed by an expansion from Gimbernat’s ligament and the 
outer pillar of the ring. It passes inwards beneath the spermatic cord, and 
expands into a somewhat fan-shaped fascia, lying behind the inner pillar of the 
external abdominal ring, and in front of the conjoined tendon, and interlaces 
with the ligament of the other side at the linea alba. 

Ligament of Cooper.—This is a strong ligamentous band, which was first 
described by Sir Astley Cooper. It extends upwards and backwards from the 
base of Gimbernat’s ligament along the ilio-pectineal line, to which it is attached. 
It is strengthened by the fascia transversalis, by the pectineal aponeurosis, and 
by a lateral expansion from the lower attachment of the linea alba (adminiculum 
linese albæ). 


Dissection.—Detach the External oblique by dividing it across, just in front of its 
attachment to the ribs, as far as its posterior bordi, and separate it below from the 
crest of the ilium as far as the anterior superior spine ; then detach the muscle carefully 
from the Internal oblique, which lies beneath it, and turn it towards the opposite side, 


The Obliquus internus abdominis (fig. 412), thinner and smaller than the 
preceding, beneath which it lies, is of an irregularly quadrilateral form, and 
situated at the side and fore part of the abdomen. It arises, by fleshy fibres, 
from the outer half of Poupart’s ligament, being attached to the groove on its 
upper surface ; from the anterior two-thirds of the middle lip of the crest of the 
ilium, and from the posterior lamella of the lumbar fascia. From this origin the 
fibres diverge: those from Poupart’s ligament, few in number, and paler in 
colour than the rest, arch downwards and inwards across the spermatic cord in 
the male and the round ligament in the female, and, becoming tendinons, are 
inserted, conjointly with those of the Transversalis, into the crest of the os pubis 
and inner part of the ilio-pectineal line behind Gimbernat’s ligament, forming 
what is known as the conjoined tendon of the Internal oblique and Transversalis ; 
those from the anterior third of the iliac origin are horizontal in their direction, 
and, becoming tendinous along the lower fourth of the linea semilunaris, pass 
in front of the Rectus muscle to be inserted into the linea alba; those which 
arise from the middle third of the origin from the crest of the ilium pass 
obliquely upwards and inwards, and terminate in an aponeurosis, which divides 
at the outer border of the Rectus muscle into two lamelle, which are continued 
forwards, one in front and the other behind this muscle, to the linea alba: the 
posterior lamella being also connected to the cartilages of the seventh, eighth, 
and ninth ribs; the most posterior fibres pass almost vertically upwards, to be 
inserted into the lower borders of the cartilages of the three lower ribs, being 
continuous with the Internal intercostal muscles. 

The conjoined tendon of the Internal oblique and Transversalis is main] 
formed by the lower part of the tendon of the Transyersalis, and is inserted into 
the crest of the os pubis and ilio-pectineal line, immediately behind the external 
abdominal ring, serving to protect what would otherwise be a weak point in the 
abdominal wall, Sometimes this tendon is insufficient to resist the pressure 
from within, and is carried forward in front of the protrusion through the 
external abdominal ring, forming one of the coverings of direct inguinal hernia; 
or the hernia forces its way through the fibres of the conjoined tendon. The 
conjoined tendon is sometimes divided into an outer and an inner portion— 


i Ta being termed the ligament of Hesselbach: the latter, the ligament of 
en e 
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The aponeurosis of the Internal oblique is continued forward to the middle 
line of the abdomen, where it joins with the aponeurosis of the opposite muscle 
at the linea alba, and extends from the margin of the thorax to the os pubis. At 
the outer margin of the Rectus muscle, this aponeurosis, for the upper three- 
fourths of its extent, divides into two lamelle, which pass, one in front and the 
other behind the muscle, enclosing it in a shoath, and reuniting on its inner 
border at the linea alba; the anterior layer is blended with the aponeurosis of 
the External oblique muscle; the posterior layer with that of the Transversalis. 
Along the lower fourth, the aponeurosis ceases to split, and passes altogether 
in front of the Reetus without any separation, and thus a deficiency is left in 


Via. 412.—Fhe Internal oblique muscle. 
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the sheath of the musele behind; this is marked above by a sharp lunated 
margin, having its concavity downwards, and known as the semilunar fold of 
Douglas. 

Tation By its external surface, with the External oblique, Latissimus 
dorsi, spermatic cord, and external ring. By its internal surface, with the 
Transversalis muscle, the lower intercostal vessels and nerves, the ilio-hypo- 
gastric and the ilio-inguinal nerves. Near Poupart’s ligament, it les on the 
fascia transversalis, internal ring, and spermatic cord. 

The Cremaster muscle is a thin muscular layer, composed of a number of 
fasciculi which arise from the middle of Poupart’s ligament where its fibres 
are continuous with those of the Internal oblique and also occasionally with 
the Transversalis. It passes along the outer side of the spermatic cord, 
descends with it through the external abdominal ring upon the front and sides 
of the cord, and forms a series of loops which differ in thickness and length in 
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different subjects. Those at the upper part of the cord are exceedingly short, 
but they become in succession longer and longer, the longest reaching down as 
low as the testicle, where a few are inserted into the tunica vaginalis. These 
loops are united together by areolar tissue, and form a thin covering over the 
cord and testis, the cremasteric fascia. The fibres ascend along the inner 
side of the cord, and are inserted by a small pointed tendon into the spine and 
crest of the os pubis and front of the sheath of the Rectus musele. 

It will be observed that the origin and insertion of the Cremaster is precisely 
similar to that of the lower fibres of the Internal oblique. This fact affords an 
easy explanation of the manner in which the testicle and cord are invested by 
this muscle. At an early period of fœtal life the testis is placed at the lower and 
back part of the abdominal cavity, but during its descent towards the scrotum, 
which takes place before birth, it carries on it some fibres from the lower part 
of the muscle, which accompany the testicle and cord into the scrotum. 


Dissection.—Detach the Internal oblique in order to expose the Transversalis beneath. 
This may be effected by dividing the muscle above, at its attaehraent to the ribs; below, 
at its connection with Poupart’s ligament and the crest of the ilium; and behind, by a 
vertical incision extending from the last rib to the crest of the ilium. The muscle should 
previously be made tense by drawing upon it with the fingers of the left hand, and if its 
division is carefully effected, the cellular itterval between it and the Transversalis, as 
well as the direction of the fibres of the latter muscle, will afford a clear guide to their 
separation; above the crest of the ilium the ascending branches of the deep circumflex 
iliac vessels are interposed between them, and form an ‘important guide in separating 
them. The muscle should then be thrown inwards towards the linea alba. 


The Transversalis muscle (fig. 413), so called from the direction of its fibres, 
is the most internal of the flat muscles of the abdomen, being placed im- 
mediately beneath the Internal oblique. It arises by fleshy fibres from the 
outer third of Poupart’s ligament; from the anterior three-fourths of the inner 
lip of the crest of the ilium; from the inner surface of the cartilages of the six 
lower ribs, interdigitating with the Diaphragm; and from the lumbar apo- 
neurosis, which may be regarded as the posterior aponeurosis of the muscle, and 
which has been seen to divide into three lamelle (see page 469). The muscle 
terminates in front in a broad aponeurosis, the lower fibres of which curve 
downwards and inwards, and are inserted, together with those of the Internal 
oblique, into the lower part of the linea alba, the crest of the os pubis and 
pectineal line, forming what is known as the conjoined tendon of the Internal 
oblique and Transversalis. Throughout the rest of its extent the aponeurosis 
passes horizontally inwards, and is inserted into the linea alba; its upper 
three-fourths passing behind the Rectus muscle, blending with the posterior 
lamella of the Internal oblique ;. its lower fourth passing in front of the Rectus. 

Relations.—By its external surface, with the Internal oblique, the lower 
intercostal nerves, and the inner surface of the cartilages of the lower ribs. By 
its internal surface, with the fascia transversalis, which separates it from the 
extra-peritoneal fat and parietal layer of the peritoneum, Its lower border 
forms the upper boundary of the inguinal canal. 


Dissection.—To expose the Rectus muscle, open its sheath by a vertical incision 
extending from the margin of the thorax to the os pubis, and then reflect the two portions 
from the surface of the muscle, which is easily done, excepting at the lines transverse, 
where so close an adhesion exists that the greatest care is requisite in separating them. 
Now raise the outer edge of the muscle, in order to examine the posterior layer of the 
sheath. By dividing the muscle in the centre, and turning its lower part downwards, 
a point where the posterior wall of the sheath terminates in the fold of Douglas will 

seen. 


The Rectus abdominis is a.long flat muscle, which extends along the whole 
length of the front of the abdomen, being separated from its fellow of the 
opposite side by the linea alba. It is much broader, but thinner, above than 
below, and arises by two tendons, the external or larger being attached to the 
crest of the os pubis ; the internal, smaller portion, interlacing with its fellow of 
the opposite side, and being connected with the ligaments covering the front of 
the symphysis pubis. The fibres ascend, and the muscle is inserted by three 
portions of unequal size into the cartilages of the fifth, sixth, and seventh ribs. 
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The upper portion, attached principally to the cartilage of the fifth rib, usually 
has some fibres of insertion into the anterior extremity of the rib itself. Some 
fibres are occasionally connected with the costo-xiphoid ligaments, and side of 
the ensiform cartilage. 

The Rectus muscle is traversed by tendinous intersections, three in number, 
which have received the name of linee transverse. One of these is usually 
situated opposite the umbilicus, and two above that point; of the latter, one 


` Fic. 413.—The Transversalis, Rectus, and Pyramidalis muscles. 
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corresponds to the extremity of the ensiform cartilage, and the other is about 
midway. between the ensiform cartilage and the umbilicus. These intersections 
pass transversely or obliquely across the muscle in a zigzag course ; they rarely 


extend completely through its substance; they may pass only halfway across 
it, and are intimately adherent in front to the sheath in which the muscle is 
enclosed. Sometimes one or two additional lines may be seen, one usually below 
the umbilicus; the position of the other, when it exists, 18 variable. These 
additional lines are for the most part incomplete. 


490 MUSCLES AND FASCIÆ 


The Rectus is enclosed in a sheath (fig. 414) formed by the aponeuroses of 
the Oblique and Transversalis muscles, which are arranged in the following 
manner. When the aponeurosis of the Internal oblique arrives at the outer 
margin of the Rectus, it divides into two lamellæ, one of which passes in front 
of the Rectus, blending with the aponeurosis of the External oblique; the other, 
behind it, blending with the aponeurosis of the Transversalis ; and these, joining 
again at its inner border, are inserted into the linea alba. This arrangement 
of the aponeurosis exists from the costal margin to midway between the 
umbilicus and symphysis pubis, where the posterior wall of the sheath termi- 
nates in a thin curved margin, the semilunar fold of Douglas, the concavity of 
which looks downwards towards the pubes: below this level the aponeuroses 
of all three muscles pass in front of the Rectus without any separation, The 
extremities of the fold of Douglas descend as pillars to the os pubis. The inner 
pillar is attached to the symphysis pubis ; the outer pillar, which was named by 
Braune the ligament of Hesselbach, passes downwards as a distinct band on 
the inner side of the internal abdominal ring, and there its fibres divide into 
two sets, internal and external: the internal fibres are attached to the ascending 
ramus of the os pubis and the pectineal fascia; the external ones pass to tne 
Psoas fascia, to the deep surface of Poupart’s ligament, and to the tendon of the 
Transversalis on the outer side of the ring. The Rectus muscle, in the situation 


Fic. 414.—A transverse section of the abdomen in the lumbar region. 





where its sheath is deficient, is separated from the peritoneum by the trans- 
versalis fascia. Since the tendon of the Internal oblique musele only reaches 
as high as the costal margin, it follows that above this level the sheath of 
the Rectus is deficient behind, the muscle resting directly on the cartilages of 
the ribs, and being covered merely by the tendon of the External oblique. 

The Pyramidalis is a small muscle, triangular in shape, placed at the lower 
part of the abdomen, in front of the Rectus, and contained in the same sheath 
with that muscle. It arises by tendinous fibres from the front of the os pubis 
and the anterior pubic ligament; the fleshy portion of the muscle passes up- 
wards, diminishing in size as it ascends, and terminates by a pointed extremity, 
which is inserted into the linea alba, midway between the umbilicus and the 
os pubis. This muscle may be wanting on one or both sides; the lower end of 
the Rectus then becomes proportionately increased in size. Occasionally it has 
been found double on one side, or the muscles of the two sides are of unequal 
size. Sometimes it extends higher than what is stated above. 

Besides the Rectus and Pyramidalis muscles, the sheath of the Rectus contains 
the superior and deep epigastric arteries, the terminations of the lumbar arteries 
and of the lower intercostal arteries and nerves. 

Nerves.—The abdominal muscles are supplied by- the lower intercostal 
nerves. The Transversalis and Internal oblique also receive filaments from the 
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hypogastric branch of the ilio-hypogastric and sometimes from the ilioinguinal. 
The Cremaster is supplied by the genital branch of the genito-crural. 

In the description of the abdominal muscles, mention has frequently been 
made of the linea alba, lines semilunares, and Jinex transversz; when the 
dissection of the muscles is completed, these structures should be examined. 

The linea alba is a tendinous raphé seen along the middle line of the 
abdomen, extending from ihe ensiform cartilage to the symphysis pubis, to 
which it is attached. It is placed between the inner borders of the Recti 
muscles, and is formed by the blending of the aponeuroses of the Obliqui and 
Transversales muscles. Jt is narrow below, corresponding to the linear 
interval existing between the Recti; but broader above, as these muscles 
diverge from one another in their ascent, becoming of considerable breadth 
after great distension of the abdomen from pregnancy or ascites. At its lower 
end. the linea alba has a double insertion—its superficial fibres passing in front 
of the inner heads of the Recti to the symphysis pubis, while its deeper fibres 
form a triangular lamella, which is attached behind the Recti to the posterior 
lip of the crest of the pubis, and which is named the adminiculum linée alba. 
It presents numerous apertures for the passage of vessels and nerves; the 
largest of these is the umbilicus, which in the foetus transmits the umbilical 
vessels, but in the adult is obliterated, the cicatrix being stronger than the 
neighbouring parts; hence umbilical hernia occurs in the adult near the 
umbilicus, while in the foetus it occurs at the umbilicus.. The linea alba is in 
relation, in front, with the integument, to which it is adherent, especially at the 
umbilicus; behind, it is separated from the peritoneum by the transversalis 
fascia, which above the umbilicus is adherent to it, but below is separated 
from it by a certain amount of fat, which must not be mistaken for extra- 
peritoneal fat. 

The lines semilunares are two curved tendinous lines placed one on each side 
of the linea alba. Hach corresponds with the outer border of the Rectus muscle, 
extends from the cartilage of the ninth rib to the pubic spine, and is formed by 
the aponeurosis of the Internal oblique at its point of division to enclose the 
Rectus, where it is reinforced. in front by the External oblique, and behind by 
the Transversalis. 

The lines transverse are narrow transverse lines which intersect the Recti 
muscles, as already mentioned; they connect the linea: semilunares with the 
linea alba. 

Actions.—The abdominal muscles perform a threefold action. 

When the pelvis and thorax are fixed, they compress the abdominal viscera, 
by constricting the cavity of the abdomen, in which action they are materially 
assisted by the descent ci the-Diaphragm. By these means assistance is given in 
expelling the foetus from the uterus, the fæces from the rectum, the urine from 
the bladder, and the contents of the stomach in vomiting. 

If the pelvis and spine are fixed, these muscles compress the lower part of 
the thorax, materially assisting expiration. If the pelvis alone is fixed, the 
thorax is bent directly forward, when the muscles of both sides act, or to either 
side when those of the two sides act alternately, rotation of the trunk at the 
same time taking place to the opposite side. 

If the thorax is Sxed, these muscles, acting together, draw the pelvis upwards, 
as in climbing; or, acting singly, they draw the pelvis upwards, and bend the 
vertebral column to one side or the other. The Recti muscles, acting from below, 
depress the thorax, and consequently flex the vertebral column; when acting 
from above, they flex the pelvis upon the vertebral column. The Pyramidales 
are tensors of the linea albe. 

The transversalis fascia is a thin aponeurotic membrane which lies between 
the inner surface of the Transversalis muscle and the extra-peritoneal fat. It 
forms part of the general layer of fascia which lines the abdominal parietes, and 
is directly continuous with the iliac and pelvic fascia. In the inguinal region, the 
transversalis fascia is thick and dense in structure and joined by fibres from the 
aponeurosis of the Transversalis muscle, but it becomes thin and cellular as it 
ascends to the Diaphragm, and blends with the fascia covering the under aspect 
of this muscle. In front, it unites across the middle line with the fascia on the 
opposite side of the body ; and behind, it becomes lost in the fat which covers the 
posterior surfaces of the kidneys. Below, it has the following attachments: 


492 MUSCLES AND FASCIZ 


posteriorly, it is connected to the whole length of the crest of the ilium, between 
the attachments of the Transversalis and Iliacus muscles ; between the anterior 
superior spine of the ilium and the femoral vessels it is connected to the posterior 
margin of Poupart’s ligament, and is there continuous with the iliac fascia. 
Internal to the femoral vessels it is thin and attached to the os pubis and 
pectineal line, behind the conjoined tendon, with which it is united : correspond- 
ing to the region where the femoral vessels pass into the thigh, this fascia 
descends in front of them, forming the anterior wall of the femoral sheath. 
Beneath Poupart’s ligament it is strengthened by a band of fibrous tissue, which is 
only loosely connected to Poupart’s ligament, and is specialised as the deep crural 
arch. The spermatic cord in the male and the round ligament in the female 
pass through this fascia ; the point where they pass through is called the internal 
abdominal ring. This opening is not visible externally owing to a prolongation 
of the transversalis fascia on these structures, forming the infundibuliform fascia. 

The Internal or deep abdominal ring is situated in the transversalis fascia, 
midway between the anterior superior spine of the ilium and the symphysis 
pubis, and about half an inch above Poupart’s ligament. It is of an oval form, 
the extremities of the oval directed upwards and downwards, varies in size in 
different subjects, and is much larger in the male than in the female. It is 
bounded, above and externally, by the arched fibres of the Transversalis; below 
and internally, by the deep epigastric vessels. It transmits the spermatic cord 
in the male and the round ligament in the female. From its circumference a 
thin funnel-shaped membrane, the ean asinine fascia, is continued round the 
cord and testis, enclosing them in a distinct covering. 


When the sac of an oblique inguinal hernia passes through the internal or deep 
abdominal ring, the infundibuliform process of the transversalis fascia forms one of its 
coverings. 


Extra-peritoneal Connective Tissue.—Between the inner surface of the general 
layer of the fascia which lines the interior of the abdominal and pelvic cavities, 
and the peritoneum, there is a considerable amount of connective tissue, which is 
termed the extra-peritoneal or subperitoneal connective tissue, and which, accord- 
ing to Anderson and Makins, is ‘a portion of a widespread system of meso- 
blastic connective tissue, which surrounds the great vessels of the trunk.’ It 
may be described as consisting of two portions, parietal and visceral. 

The parietal portion lines the cavity in varying quantities in different situa- 
tions. It is especially abundant on the posterior wall of the abdomen, and 
particularly around the kidneys, where it contains much fat. On the anterior 
wall of the abdomen, with the exception of the pubic region, and on the roof of 
the abdomen, it is scanty, and here the transversalis fascia is more closely con- 
nected with the peritoneum. In the pelvis, there is a considerable amount of 
extra-peritoneal connective tissue. 

The visceral portion follows the course of the branches of the abdominal 
aorta between the layers of the mesenteries and other folds of peritoneum which 
connect the various viscera to the abdominal wall, and assists in fixing them. 
The two portions are directly continuous with each other. 

The deep crural arch.—Curving over the vessels, just at the point where they 
become femoral, on the abdominal side of Poupart’s ligament and loosely con- 
nected with it, is a thickened band of fibres called the deep crural arch. It is 
apparently a thickening of the fascia transversalis, joining externally the centre 
of Poupart’s ligament, and arching across the front of the crural sheath to be 
inserted by a broad attachment into the spine of the os pubis and ilio-pectineal 
line, behind the conjoined tendon. In some subjects this structure is not very 
prominently marked, and not infrequently it is altogether wanting. 


Surface Form.—The skin of the abdomen is thin and sensitive. In the male, it is 
often thickly hair-clad, especially towards the lower part of the middle line, In the 
female, the hairs are confined to the pubes, After distension from pregnancy or other 
causes, the skin presents transverse white lines, which are quite smooth, being destitute of 
papilla. These are known as striae gravidarum. 

The only muscles of the abdomen which have any considerable influence on surface 
form are the External oblique and Rectus muscles. With regard to the External oblique 
the upper digitations of its origin from the ribs are well marked in a muscular subject, 
intermingled with the serrations of the Serratus magnus; the lower digitations are not 
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visible, being covered by the thick border of the Latissimus dorsi. Its attachment to the 
erest of the ilium, in conjunction with the Internal oblique, forms a thick oblique roll, 
which determines the iliac furrow. Sometimes on the front of.the lateral regioz of the 
abdomen an undulating outline marks the spot where the muscular fibres terminate and 
the aponeurosis commences. The outer border of the Rectus is defined by the linea semi- 
lumaris, which may be exactly determined by putting the muscle into action. It corresponds 
with a curved line, with its convexity outwards, drawn from the end of the cartilage of 
the ninth rib to the spine of the os pubis, so that the centre of the line, at or near the 
umbilicus, is three inches from the median line. The inner border of the Rectus 
corresponds to the linea alba, marked on the surface of the body by a groove, the 
abdominal furrow, which extends from the infrasternal fossa to, or to a little below, the 
umbilicus, where it gradually becomes lost. The surface of the Rectus presents three 
transverse furrows, the lenee transverse. The upper two of these, one opposite or a little 
below the tip of the ensiform cartilage, and another, midway between this point and the 
umbilicus, are usually well marked ; the third, opposite the umbilicus, is not so distinct, 
The umbilicus, situated in the linea alba, varies in position as regards its height. It 
is always situated above a zone drawn round the body opposite the highest point of the 
crest of the ilium, generally being about three-quarters of an inch to an inch above this 
line. It usually corresponds, therefore, to the fibro-cartilage between the third and fourth 
lumbar vertebre. 


2, DEEP MUSCLES oF THE ABDOMEN 


Psoas magnus. Tliacus. 
Psoas parvus. Quadratus lumborum., 


The Psoas magnus, the Psoas parvus, and the Iliacus muscles, with the 
fascia covering them, will be described with the Muscles of the Lower Extremity 
(see page 541). 

The fascia covering the Quadratus lumborum.—This is the most anterior of 
the three layers of the lumbar aponeurosis. It is a thin layer of fascia which, 
passing over the anterior surface of the Quadratus lumborum, is attached, 
internally, to the bases of the transverse processes of the lumbar vertebra ; 
below, to the ilio-lumbar ligament; and above, to the apex and lower border 
of the last rib. 

The portion of this fascia which extends from the transverse process of the 
first lumbar vertebra to the apex and lower border of the last rib, constitutes 
the ligamentum arcuatum externum. 

The Quadratus lumborum (fig. 407, page 471) is situated in the lumbar region. 
It is irregularly quadrilateral in shape, and broader below than above. It arises 
by aponeurotic fibres from the ilio-lumbar ligament and the adjacent portion of 
the crest of the ilium for about two inches, and is inserted into the lower border 
of the last rib for about, half its length and, by four small tendons, into the apices 
of the transverse processes of the four upper lumbar vertebra. Occasionally a 
second portion of this muscle is found situated in front of the preceding. It 
arises from the upper borders of the transverse processes of three or four of the 
lower lumbar vertebra, and is inserted into the lower margin of the last rib. 
The Quadratus lumborum is contained in a sheath formed by the anterior and 
middle lamelle of the lumbar aponeurosis. 

Relations.—Its anterior surface (or rather the fascia which covers its anterior 
surface) is in relation with the colon, the kidney, the Psoas muscle, and the 
Diaphragm. Between the fascia and the muscle are the last dorsal, ilio- 
hypogastric and ilio-inguinal nerves. Its posterior surface is in relation with the 
middle lamella of the lumbar fascia, which separates it from the Erector sping. 
The Quadratus lumborum extends, however, beyond the outer border of the 
Erector spine. P 

Nerve-supply.—The anterior divisions of the last dorsal and first and second 
lumbar nerves. 

Actions.—The Quadratus lumborum draws down the last rib, and acts as a 
muscle of inspiration by helping to fix the origin of the Diaphragm. If the 
thorax and spine are fixed, it may act upon the pelvis, raising it towards its 
own side when only one muscle is put in action; and when both muscles act 
together, either from below or above, they flex the trunk. 
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IV. MUSCLES OF tHe PELVIC OuTLE® 


The muscles of this region are situated at the pelvic outlet in the ischio-rectal 
region and the perineum. They include the following : 

1. Muscles of the ischio-rectal region. 

2. Muscles of the perineum: A. In the Male; B. In the Female. 


1. MUSCLES OF THE ISCHIO-RECTAL REGION 


Jorrugator cutis ani. Internal sphincter ani. 
External sphincter ani. Levator ani. 
Coccygeus. 


The Corrugator cutis ani— Around the anus is a thin stratum of involuntary 
muscular fibre, which radiates from the orifice. Internally, the fibres fade off 
into the submucous tissue, while externally they blend with the true skin. By 
its contraction it raises the skin into ridges around the margin of the anus. 

The External sphincter ani is a thin, flat plane of muscular fibres, elliptical 
in shape and intimately adherent to the integument surrounding the margin of 
the anus. It measures about three or four inches in length, from its anterior to 
its posterior extremity, being about an inch in breadth, opposite the anus. It 
consists of two strata, superficial and deep. The superficial, constituting the main 
portion of the muscle, arises from a narrow tendinous band, the ano-coccygeal 
raphé, which stretches from the tip of the coccyx to the posterior margin of the 
anus; it forms two flattened planes of muscular tissue, which encircle the anus 
and meetin front to be inserted into the central tendinous point of the perineum, 
joining with the Transversus perinei, the Levator ani, and the Accelerator urine. 
The deeper portion forms a complete sphincter to the anal canal. Its fibres 
surround the canal, closely applied to the deep Sphincter, and in front blend with 
the other muscles at the central point of the perinæum. In a considerable 
proportion of cases the fibres decussate in front of the anus, and are continuous 
with the Transversus perinæi. Posteriorly, they are not attached to the coccys, 
the fibres of opposite sides being continuous behind the anal canal. The 
upper edge of the muscle is ill-defined, since fibres are given off from it to join 
the Levator ani. 

Nerve-supply.—A branch from the anterior division of the fourth sacral and 
the inferior hemorrhoidal branch of the internal pudic. 

Actions.—-The action of this muscle is peculiar: 1. It is, like other muscles, 
always in a state of tonic contraction, and having no antagonistic muscle it keeps 
the anal canal and orifice closed. 2. It can be put into a condition of greater 
contraction under the influence of the will, so as to more firmly occlude the anal 
aperture in expiratory efforts, unconnected with defecation. 3. Taking its fixed 
point at the coccyx, it helps to fix the central point of the perineum, so that the 
Accelerator urine may act from this fixed point. 

The Internal sphincter ani is a muscular ring which surrounds the anal 
canal for about an inch; its inferior border being contiguous with, but quite 
separate from, the External sphincter. This musele is about two lines in 
thickness, and is formed by an aggregation of the involuntary circular fibres 
of the intestine. It surrounds the canal for about an inch, and terminates about 
a quarter of an inch from the external orifice. It is paler in colour and less 
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front, the muscle arises from the fascia at a varying distance above the ‘white 
ling,’ in some cases reaching nearly as high as the canal for the obturator vessels 
and nerve. The fibres pass downwards to the middle line of the floor of the 
pelvis, and are inserted, the most posterior into the side of the last two segments 
of the coccyx ; those placed more anteriorly unite with the muscle of the opposite 
side, in a median fibrous raphé (ano-coccygeal raphé), which extends between the 
coccyx and the margin of the anus. The middle fibres, which form the larger 
portion of the mascle, are inserted into the side of the rectum, blending with the 
äbres of the Sphincter muscles ; lastly, the anterior fibres, the longest, descend 
upon the side cf the prostate gland to unite beneath it with the muscle of the 
opposite side, blending with the fibres of the External sphincter and Transversus 
perinei muscles at the central tendinous point of the perineum, 


| Fiu. 415.—Side view of pelvis, showing Levator ani. 
(From a preparation in the Museum of the Royal College of Surgeons of England.) 
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Peier Thompson * has not been able to satisfy himself that any of the fibres 
of the Levator ani terminate in the rectal walls. 

The anterior portion is occasionally separated from the rest of the muscle by 
connective tissue. From this circumstance, as well as from its peculiar relation 
with the prostate gland, descending by its side, and surrounding it as in a sling, 
is has been described by Santorini and others as a distinct muscle, under the 
name of Levator prostate. In the female, the anterior fibres of the Levator ani 
deseend upon the side of the vagina. 

Relations.—-By its wpper or pelvic surface, with the recto-vesical fascia, which 
separates it from the prostate, rectum, and peritoneum. By its lower or perineal 
surface, it forms the inner boundary of the ischio-rectal fossa, and is covered by 
a thin laver of fascia, the ischio-rectal or anal fascia, given off from the obturator 
fascia. Its posterior border is free and separated from the Coccygeus muscle by 
a cellular interspace. Its anterior border is separated from the muscle of the 
opposite side by a triangular space, through which the urethra, and in the female 
the vagina, passes from the pelvis. 


The Levator ani may be divided into ilio-coccygeal and pubo-coccygeal parts. 
The dlio-coceygexs arises from the ischial spine and from the posterior part of the 
pelvie fascia, and is attached to the coccyx and ano-coccygeal raphé: itis usually thin, 
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* The Myology of the Pelvic Floor, 1899. 
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and may fail entirely, or be largely replaced by fibrous tissue. An accessory slip at its 
posterior part is sometimes named the tlio-sacralis. The pubo-coccygeus arises from the 
back of the pubis and from the anterior part of the pelvic fascia, and ‘is directed back- 
wards almost horizontally along the side of the anal canal towards the coccyx and sacrum, 
to which it finds attachment. Between the termination of the vertebral column and the 
anus, the two pubo-coccygei muscles come together and form a thick, fibro-muscular layer 
lying on the raphé formed by the ilio-coccygei’ (Thompson). The greater part of this 
muscle is inserted into the coccyx and into the last one or two pieces of the sacrum. 
This insertion into the vertebral column is, however, not admitted by all observers. The 
fibres which form a sling for the rectum are named the pubo-rectalhs or sphincter recti. 
They arise from the lower part of the symphysis pubis, and from the upper layer of the 
triangular ligament. They meet with the corresponding fibres of the opposite side around 
the lower.part of the rectum, and form for it a strong sling. The pre-anal fibres of the 
Levator ani form the Levator prostate muscle. 


Nerve-supply.—A branch from the anterior division of the fourth sacral nerve 
and a branch from the pudic nerve, which is sometimes derived from the perineal, 
sometimes from the inferior hemorrhoidal division. 

Actions._This muscle constricts the lower end of the rectum and vagina. 
It elevates and inverts the lower end of the rectum after it has been protruded 
and everted during the expulsion of the feces. It is also a muscle of forced 
expiration. 

The Coccygeus is situated behind and parallel with the preceding. It is m 
triangular plane of muscular and tendinous fibres, arising, by its apex, from the 
spine of the ischium and lesser sacro-sciatic ligament, and inserted, by its base, 
into the margin of the coccyx and into the side of the lower piece of the sacrum. 
It assists the Levator ani and Pyriformis in closing in the back part of the outlet 
of the pelvis. 

Relations.— By its inner or pelvic surface, with the rectum. By its external 
surface, with the lesser sacro-sciatic ligament. The lower border is in relation 
with the posterior border of the Levator ani, but separated from it by a cellular 
interval; its upper border is in relation with the lower border of the sifone, 
but separated from it by the sciatic and internal pudic vessels and nerve. 

Nerve-supply.—A branch from the fourth and fifth sacral nerves. 

Action.—-The Coccygei muscles raise and support the coccyx, after it has been 
pressed backwards during defecation or parturition. 


2. A. MUSCLES AND Fascia or THE PERINZUM IN THE MALE 


Transversus perinel, Erector penis. 
Accelerator urine. Compressor urethra. 


Superficial fascia.—The superficial fascia of the perinæum consists of two 
layers, superficial and deep, as in other regions of the body. 

The superficial layer is thick, loose, areolar in texture, and contains much 
adipose tissue in its meshes, the amount of which varies in different subjects. 
In front, it is continuous with the dartos of the scrotum ; behind, it is continuous 
with the subcutaneous areolar tissue surrounding the anus; and, on either side, 
with the same fascia on the inner side of the thighs. In the middle line, it is 
adherent to the skin of the raphé and to the deep layer of the superficial fascia. 
This layer should be carefully removed after it has been examined, when the 
deep layer will be exposed. 

The deep layer of superficial fascia (Fascia of Colles) is thin, aponeurotic in 
structure, and of considerable strength, serving to bind down the muscles of 
the root of the penis. It is continuous, in front, with the dartos of the scrotum, 
the deep fascia of the penis, the fascia of the spermatic cord, and Scarpa’s fascia 
upon the anterior wall of the abdomen ; on either side it is firmly attached to the 
margins of the rami of the os pubis and ischium, external to the crus penis, and 
as far back as the tuberosity of the ischium ; posteriorly, it curves round the 
Transversus ere muscles to join the lower margin of the triangular ligament. 
In the middle line, it is connected with the superficial fascia and the median 
septum of the Accelerator urine muscle. This fascia not only covers the muscles 
in this region, but sends upwards a vertical septum from its deep surface, which 
separates the back part of the subjacent space into two, the septum being 
incomplete in front. 
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The central tendinous point of the Perineum.—This is a fibrous point in the 
middle line of the perinsum, between the urethra and the rectum, and about 
half an inch in front of the anus. At this point five muscles converge and are 
attached: viz. the External sphincter ani, the Accelerator urine, the two Trans- 
versi perinæi, and the anterior fibres of the Levator ani; so that by the contraction 
of these muscles, which extend in different directions, it serves as a fixed point of 
support. 

The Transversus perinæi is a narrow muscular slip, which passes more or less 
transversely across the perineal space in front of the anus. It arises by tendinous 
fibres from the inner and fore part of the tuberosity of the ischium, and, passing 
inwards, is inserted into the central tendinous point of the perinseum, joining in 
this situation with the muscle of the opposite side, the Externai sphincter ani 
behind, and the Accelerator urins in front. In some cases, the fibres of the 


Fig. 416.—The perineum. 
The integument and superficial layer of superficial fascia refiected. 
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deeper layer of the Sphincter ani decussate in front of the anus and are continued 
into this muscle. Occasionally it gives off fibres, which join with the Accelerator 
urins of the same side. | 

Nerve-supply.—The perineal branch of the internal pudic. 

Actions,—The simultaneous contraction of the two muscles serves to fix the 
central tendinous point of the perineum. l l 

The Accelerator urine (Bulbo-cavernosus) is placed in the middie line of the 
perinzum, in front of the anus. It consists of two symmetrical halves, united 
along the median line by a tendinous raphé. It arises from the central tendon of 
the perineum, and from the median raphé in front. rom this point its fibres 
diverge like the plumes of a quill-pen ; the most posterior form a thin layer, which 
is lost on the superficial surface of the triangular ligament ; the middle fibres 
encircle the bulb and adjacent parts of the corpus spongiosum, and join with the 
fibres of the opposite side, on the upper part of the corpus spongiosum, In a strong 
aponeurosis; the anterior fibres, the longest and most distinct, spread out over 
the sides of the corpus cavernosum, to be inserted partly into that body, anterior 
to the Erector penis, and occasionally extending to the os pubis ; PE Partly 
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terminating in a tendinous expansion, which covers the dorsal vessels of the 
penis. The latter fibres are best seen by dividing the muscle longitudinally, and 
dissecting it outwards from the surface of the urethra. 

Actions.--This muscle serves to empty the canal of the urethra, after the 
bladder has expelled its contents ; during the greater part of the act of micturition 
its fibres are relaxed, and it only comes. into action at the end of the process. 
The middle fibres are supposed, by Krause, to assist in the erection of the corpus 
spongiosum, by compressing the erectile tissue of the bulb. The anterior fibres, 
according to Tyrrel, also contribute to the erection of the penis, as they are 
inserted into, and continuous with, the fascia of the penis, compressing the dorsal 
vein during the contraction of the muscle. 

The Erector penis (Ischio-cavernosus) covers the crus penis. It is an 
elongated muscle, broader in the middle than at either extremity, and situated 
on either side of the lateral boundary of the perinæum. It arises by tendinous 
and fleshy fibres from the inner surface of the tuberosity of the ischium, behind 


Fig. 417.—The superficial muscles and vessels of the perineum. 
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the crus penis ; and from the rami of the pubis and ischium on each side of the 
crus. From these points fleshy fibres succeed, which end in an aponeurosis 
which is inserted into the sides and under surface of the crus penis. 

Nerve-supply.—-The perineal branch of the internal pudic. 

Action.—The Erector penis compresses the crus penis, and retards the return 

of the blood through the veins, and thus serves to maintain the organ erect. 
_ Between the muscles just examined a triangular space exists, bounded 
internally by the Accelerator uring, externally by the Erector penis, and behind 
by the Transversus perinæi. The floor of this space is formed by the triangular 
ligament of the urethra (deep perineal fascia), and running from behind forwards 
in it are the superficial perineal vessels and nerves, and the long pudendal nerve. 
The transverse perineal artery courses along the posterior boundary of the space 
on the Transversus perinæi muscle. 

The triangular ligament of the urethra (deep perineal fascia) is stretched 
almost horizontally across the pubic arch, so as to close in the front part of the 
outlet of the pelvis. It consists of two dense membranous laminæ, which are 
united along their posterior borders, but are separated in front by intervening 
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structures. The superficial of these two layers, the inferior 
angular ligament, is triangular in shape, mie an inch ki Eo h Tes 
apex is directed iorwards, and is separated from the subpubic ligament by an 
oval opening for the transmission of the dorsal vein of the penis. Its lateral 
margins are attached on each side to the rami of the os pubis and ischium, above 
the crura penis. Its base is directed towards the rectum, and connected to the 
‘entra! tendinous point of the perineum. It is continuous with the deep layer 
of the superficial fascia behind the Transversus perinzi muscle, and with a 
T = which covers the cutaneous surface of the Levator ani muscle (anal 

This layer of the triangular ligament is perforated, about an inch below the 
symphysis pubis, by the urethra, the aperture for which is circular in form and 
about three or four lines in diameter; by the arteries to the bulb and the ducts 
of Cowper's glands close to the urethral orifice; by the arteries to the corpora 
cavernosa—one on each side close to the pubic arch and about halfway along 


ia, 418.-—Triangular ligament or deep perineal fascia. 
On the left side the superficial layer has been removed. 






Anterior layer of 
deep perineal fascia removed, 
showing, 


._ Compressor urethree 

- Internal pudic arlery 
Artery of the bulb 

{the | Cowper's gland 


the attached margin of the ligament; by the dorsal arteries and nerves of the 
penis near the apex of the ligament. Its base is also perforated by the superficial 
perineal vessels and nerves, while between its apex and the subpubic ligament 
rhe dorsal vein of the penis passes upwards into the pelvis. 

If the superficial or inferior layer of the triangular ligament is detached on 
either side, the following structures will be seen between it and the deep layer: 
the dorsal vein of the penis; the membranous portion of the urethra, and the 
Compressor urethra: muscle; Cowper's glands and their ducts; the pudic vessels 
and dorsal nerve of penis; the artery and nerve of the bulb, and a plexus of 
veins. 

The deep layer of the ligament (superior layer of the triangular ligament) is 
derived trom the obturator fascia and stretches across the pubic arch. If the 
obturator fascia is traced inwards after covering the Obturator internus muscle, 
it will be found to be attached by some of its deeper or anterior fibres to the 
inner margin of the ischio-pubic ramus, while its superficial or posterior fibres 
pass over this attachment to form the superior layer of the triangular ligament. 


Behind, this layer of the fascia is continuous with the inferior layer and with the 
K K 2 
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fascia of Colles, and in front it is continuous with the recto-vesical fascia on the 
prostate gland. It is pierced by the urethra, or rather consists of two halves 
which are separated in the middle line by the urethra passing between them. 

The Compressor urethræ (Constrictor wrethre) surrounds the whole length of 
the membranous portion of the urethra, and is contained between the two layers 
of the triangular ligament. It arises, by aponeurotic fibres, from the junction of 
the rami of the os pubis and ischium, to the extent of half or three-quarters of an 
inch: each segment of the muscle passes inwards, and divides into two fasciculi, 
-which surround the urethra from the prostate gland behind, to the bulbous portion 
of the urethra in front; and unite, at the upper and lower surfaces of this tube, 
with the muscle of the opposite side, by means of a tendinous raphé. 

Nerve-supply.—The perineal branch of the internal pudice. 

Actions.—The muscles of both sides act together as a sphincter, compressing 
the membranous portion of the urethra. During the transmission of fluids they, 
like the Acceleratores urinæ, are relaxed, and only come into action at the end of 
the process to eject the last drops of the fluid. 


2. B. MUSCLES oF THE PERINÆUM IN THE FEMALE (fig. 419) 


Transversus perinæi. Erector clitoridis. 
Sphincter vagine. Compressor urethree. 


The Transversus perinei in the female is a narrow muscular slip, which passes 
more or less transversely across the back part of the perineal space. It arises by 
a small tendon from the inner and fore part of the tuberosity of the ischium, and, 


Fig. 419.— Muscles of the female perinzum. 
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passing inwards, is inserted into the central point of the perinæum, joining in this 
situation with the muscle of the opposite side, the External sphincter ani behind, 
and the Sphincter vaginæ in front. 

Nerve-supply.—The perineal branch of the internal pudic. 

Action.—The simultaneous contraction of the two muscles serves to fix the 
central tendinous point of the perinseum. 
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The Sphincter vagine surrounds the orifice of the vagina, and is analogous 
to the Accelerator uring in the male. It covers the cuter aspect of the vestibular 
bulbs, and is attached posteriorly to the central tendinous point of the perineum, 
where it blends with the External sphincter ani. Its fibres pass forwards on 
each side of the vagina, to be inserted into the corpora cavernosa of the clitoris, a 
fasciculus crossing over the body of the organ so as to compress the dorsal vein. 

Nerve-supply.—The perineal branch of the internal pudic. 

Actions.—The Sphincter vaginæ diminishes the orifice of the vagina. The 
anterior fibres contribute to the erection of the clitoris, as they are inserted into 
and are continuous with the fascia of the clitoris, compressing the dorsal vein 
during the contraction of the muscle. 

The Erector clitoridis (Ischio-cavernosus) corresponds with the Erector penis in 
the male, but is smaller. It covers the unattached surface of the crus clitoridis. 
Tt is an elongated muscle, broader at the middle than at either extremity, and 
situated on either side of the lateral boundary of the perinæum. It arises by 
tendinous and fleshy fibres from the inner surface of the tuberosity of the ischium, 
behind the crus clitoridis; from the surface of the crus; and from the adjacent 
portion of the ramus of the ischium. From these points fleshy fibres succeed, 
and end in an aponeurosis, which is inserted into the sides and under surface 
of the crus clitoridis. 

Nerve-supply.—The perineal branch of the internal pudic. 

Actions.—The Erector clitoridis compresses the crus clitoridis and retards the 
return of blood through the veins, and thus serves to maintain the organ erect. 

The triangular ligament (deep perineal fascia) in the female is not so strong 
as in the male. It is attached to the pubic arch, its apex being connected with 
the subpubic ligament. It is divided in the middle line by the aperture of the 
vagina, with the external coat of which it becomes blended, and in front of this 
is perforated by the urethra. Its posterior border is continuous, as in the 
male, with the deep layer of the superficial fascia around the Transversus 
perinæi muscle. 

Like the triangular ligament in the male it consists of two layers, between 
which are to be found the following structures: the dorsal vein of the clitoris, 
a portion of the urethra and the Compressor urethre muscle, the glands of 
Bartholin and their ducts; the pudic vessels and the dorsal nerve of the clitoris ; 
the arteries of the bulbi vestibuli, and a plexus of veins. l 

The Compressor urethræ (Constrictor urethræ) arises on each side from the 
margin of the descending ramus of the os pubis. The fibres, passing inwards, 
divide into two sets: those of the fore part of the muscle are directed across the 
subpubic arch in front of the urethra to blend with the muscular fibres of the 
opposite side ; while those of the hinder and larger part pass inwards to blend 
with the wall of the vagina behind the urethra. 

Nerve-supply.—The perineal branch of the internal pudic. 


MUSCLES AND FASCIZ OF THE UPPER EXTREMITY 


The Muscles of the Upper Extremity are divisible into groups, corresponding 
with the different regions of the limb. 


I. Or tHe THoracic REGION 4. Anterior Scapular Region 
1. Anterior Thoracic Region Subscapularis. 

Pectoralis major. Pectoralis minor. 5. Posterior Scapular Region 
Subelavius. Supraspinatus. Teres minor. 
2. Lateral Thoracic Region Infraspinatus. Teres RE 

Serratus magnus. 6, Anterior Humeral Region 
Coraco-brachialis. | Biceps. 

II. Or tHe SHOULDER AND ARM Brachialis anticus. 
3. Acromial Region 7, Posterior Humeral Region 


Deltoid. Triceps. Subanconeus. 
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ITI. Or raz FOREARM Supinator brevis. 
Extensor ossis metacarpi pollicis. 


Oy H 
8. Anterior Radiw-ulnar Region 3 > Extensor brevis pollicis. 
F| 


-~ (Pronator radii teres. Extensor longus pollicis. 
© # | Flexor carpi radialis. Extensor indicis. 
E P> Palmaris longus. 
a Flexor carpi ulnaris. IV. OF tHe HAND 
wm ‘Flexor sublimis digitorum. 11. Radial Region 
eee ue Abductor pollicis, 

: l llicis. 
SA eronator quadratus. Opponent porna 


Flexor brevis pollicis. 
Adductor obliquus pollicis. 


9. kadial Region Adductor transversus pollicis. 


Supinator longus (Brachio-radialis). 


Extensor carpi radialis longior. 12. Ulnar Region 


Extensor carpi radialis brevior. Palmaris brevis. 
Abductor minimi digiti. 
10. Posterior Radio-ulmar Region Flexor brevis minimi digiti. 


Opponens minimi digiti. 


Lense + a ¢ 
$ q ¿Extensor communis digitorum. 
«i S ] Extensor minimi digiti. 13. Middle Palmar Region 
fa} A * , à à 
24 | Extensor carpi ulnaris. Lumbricales. Interossei palmares. 
Z  ~Anconeus. Interossei dorsales. 


Dissection of Pectoral Region and Avilla (fig. 420)—The arm being drawn away 
from the side nearly at right angles with the trunk, and rotated outwards, make a vertical 
incision through the integument in the median line of the chest, from the upper to the 
lower part of the sternum; a second incision along the lower border of the Pectoral 
muscle, from the ensiform cartilage to the inner side of the axilla; a third, from the 
sternum along the clavicle, as far as its centre; and a fourth, from the middle of the 
clavicle obliquely downwards, along the interspace between the Pectoral and Deltoid 
muscles, as low as the fold of the armpit. The flap of integument is then to be dissected 
off in the direction indicated in the figure, but not entirely removed, as it should be 
replaced on completing the dissection. If a transverse incision is now made from the 
lower end of the sternum to the side of the chest, as far as the posterior fold of the 
armpit, and the integument reflected outwards, the axillary space will be more completely 
exposed, 


I. Musctes AND Fasci® or tHE THoRACIG REGION 


1. Anterior Thoracic Region 


Pectoralis major. Pectoralis minor. 
Subclavius. 


The superficial fascia of the thoracic region is a loose cellulo-fibrous layer, 
enclosing masses of fat in its spaces. It is continuous with the superficial fascia 
of the neck and upper extremity above, and of the abdomen below. Opposite the 
mamma, it divides into two layers, one of which passes in front, the other behind 
that gland ; and from both of these layers numerous septa pass into its substance, 
supporting its various lobes: from the anterior layer, fibrous processes pass 
orwards to the integument and nipple. These processes were called by Sir A. 
Cooper the ligamenta suspensoria, from the support they afford to the gland in 
this situation. 

The deep fascia of the thoracic region is a thin aponeurotic lamina, covering 
the surface of the great Pectoral muscle, and sending numerous prolongations 
between its fasciculi: it is attached, in the middle line, to the front of the ster- 
num; and, above, to the clavicle; externally and below it becomes continuous 
with the fascia over the shoulder, axilla, and thorax. It is very thin over the 
upper part of the muscle, thicker in the interval between the Pectoralis major and 
Latissimus dorsi, where it closes in the axillary space, and divides at the outer 
margin of the latter muscle into two layers, one of which passes in front, and 
the other behind it; these proceed as far as the spinous processes of the dorsal 
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vertebra, to which they are attached. As the fascia leaves the lower edge of the 
Pectoralis major to pass across the floor of the axilla it sends a layer upwards 
under cover of the muscle: this lamina splits to envelop the Pectoralis minor, at 
the upper edge of which it becomes continuous with the costo-coracoid membrane, 
The hollow of the armpit, seen 










when the arm is ‘abducted, is Fic. 420.—Dissection of upper extremity, 
mainly produced by the traction of —_ 
this fascia on the axillary floor, _ 


and hence it is sometimes named agg 
the suspensory ligament of the fy 
axilla. At the lower part of the 
thoracic region the deep fascia is 4 
well developed, and is continuous 
with the fibrous sheath of the Recti 
muscles. 





3. Dissection of 
shoulder and arm 


Surgical Anatomy.—The axillary 
fascia prevents the extension of the 
pus, in cases of suppuration in the ie. 
axilla, in a downward direction, and 1. Dissection of pec- 
the matter has a tendency to spread toral region and 
upwards, beneath the Pectoral muscles, axilla 
towards the root of the neck. Early 
evacuation is therefore necessary. The 
incision should be made midway 
between the anterior and posterior 
axillary folds, so as to avoid the long 
thoracic and subscapular vessels, 


2. Bend of elbow 


4. Forearm 


The Pectoralis major (fig. 421) 
is a broad, thick, triangular muscle, 
situated at the upper and fore part 
of the chest and in front of the 
axilla. It arises from the anterior 
surface of the sternal half of the 
clavicle; from half the breadth of 
the anterior surface of the sternum, 
as low down as the attachment of 
the cartilage of the sixth or seventh 
rib; this portion of its origin consists of aponeurotic fibres, which intersect 
those of the opposite muscle; it also arises from the cartilages of all the true 
ribs, with the exception, frequently, of the first, or of the seventh, or both; and 
from the aponeurosis of the External oblique muscle of the abdomen. The fibres 
from this extensive origin converge towards its insertion, giving to the muscle 
a radiated appearance. Those fibres which arise from the clavicle pass obliquely 
outwards aot downwards, and are usually separated from the rest by a slight 
interval: those from the lower part of the sternum, and the cartilages of the 
lower true ribs, pass upwards and outwards; while the middle fibres pass 
horizontally. They all terminate in a flat tendon, about two inches broad, 
which is inserted into the outer bicipital ridge of the humerus. This tendon 
consists of two lamin, placed one in front of the other, and usually blended 
together below. The anterior, the thicker, receives the clavicular and upper 
half of the sternal portion of the muscle; and its fibres are inserted in the 
same order as that in which they arise: that is to say, the outermost fibres of 
origin from the clavicle are inserted at the uppermost part of the bicipital ridge ; 
the upper fibres of origin from the sternum pass down to the lowermost part of 
this anterior lamina of the tendon and extend as low as the tendon of the Deltoid 
and join with it. The posterior lamina of the tendon receives the attachment of 
the lower half of the sternal portion and the deeper part of the muscle from 
the costal cartilages. These deep fibres, and particularly those from the lower 
costal cartilages, ascend the higher, turning backwards successively behind the 
superficial and upper ones, so that the tendon appears to be twisted. The 

osterior lamina reaches higher on the humerus than the anterior one, and from 
it an expansion is given oft which covers the bicipital groove and blends with 
the capsule of the shoulder-joint. From the deepest fibres of this lamina at its 


5. Palm of hand 
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insertion an expansion is given off which lines the bicipital groove of the 
humerus, while from the lower border of the tendon a third expansion passes 
downwards to the fascia of the arm. i l 
Relations.—By its anterior ~ with the integument, the superficial 
fascia, the Platysma, some of the branches of the descending cervical nerves, 
the mammary gland, and the deep fascia. By its posterior surface: its thoracic 
portion, with the sternum, the ribs and costal cartilages, the costo-coracoid 
membrane, the Subclavius, Pectoralis minor, Serratus magnus, and the Inter- 
costals; its axillary portion forms the anterior wall of the axillary space, and 


Fic. 421.—Muscles of the chest and front of the arm. Superficial view. 
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covers the axillary vessels and nerves, the Biceps and Coraco-brachialis museles. 
Its upper border lies parallel with the Deltoid, from which it is separated by a 
slight interspace in which lie the cephalic vein and humeral branch of the 
acromio-thoracic artery. Its lower border forms the anterior margin of the 
axilla, being at first separated from the Latissimus dorsi by a considerable 


interval; but both muscles gradually converge towards the outer part of the 
space. 


Dissection.—Detach the Pectoralis major by dividing the muscle along its attachment 
to the clavicle, and by making a vertical incision through its substance a little external to 
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its line of attachment to the sternum and costal cartilages. The muscle should then 
be reflected outwards, and its tendon carefully examined. The Pectoralis minor is now 
exposed, and immediately above it, in the interval between its upper border and the 
clavicle, a strong fascia, the costo-coracoid membrane. 


The costo-coracoid membrane is a strong fascia, situated under cover of the 
clavicular portion of the Pectoralis major muscle. It occupies the interval 
between the Pectoralis minor and Subclavius muscles, and protects the axillary 
vessels and nerves. Traced upwards, it splits to enclose the Subclavius muscle, 
and its two layers are attached to the clavicle, one in front of and the other 
behind the muscle; the latter layer fuses with the deep cervical fascia and with 
the sheath of the axillary vessels. Internally, it blends with the fascia covering 


Muscles of the chest and front of the arm, with the boundaries 
of the axilla. 


Fic. 422. 
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the first two intercostal spaces, and is attached also to the first rib internal to 
the origin of the Subclavius muscle. Externally, it is very thick and dense, and is 
attached to the coracoid process. The portion extending from its attachment to 
the first rib to the coracoid process is often whiter and denser than the rest ; this 
is sometimes called the costo-coracoid ligament. Below this, it is thin, and at 
the upper border of the Pectoralis minor it splits into two layers. to invest the 
muscle; from the lower border of the Pectoralis minor it is continued downwards 
to join the axillary fascia, and outwards to Join the fascia over the short head of 
the Biceps. The costo-coracoid membrane is pierced by the cephalic vein, the 
acromio-thoracie artery and vein, superior thoracic artery, and external anterior 
thoracic nerve. . — 

The Pectoralis minor (fig. 422) is a thin, flat, triangular muscle, situated at 
the upper part of the thorax, beneath the Pectoralis major, It arises by three 
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tendinous digitations, from the upper margin and outer surface of the third, 
fourth, and fifth ribs, near their cartilages, and from the aponeurosis covering 
the Intercostal muscles ; the fibres pass upwards and outwards, and converge to 
form a flat tendon, which is inserted into the inner border and upper surface of 
the coracoid process of the scapula. 

Relations.—By its anterior surface, with the Pectoralis major, the external 
anterior thoracic nerve, and the thoracic branches of the acromio-thoracic artery. 
By its posterior surface, with the ribs, Intercostal muscles, Serratus magnus, the 
axillary space, and the axillary vessels and brachial plexus of nerves. Its upper 
border is separated from the clavicle by a narrow triangular interval which is 
occupied by the costo-coracoid membrane. In this space are the first part of the 
axillary vessels and nerves. Running parallel to the lower border of the muscle 
is the long thoracic artery. 


The costo-coracoid membrane should now be removed, when the Subclavius muscle 
will be seen. 


The Subclavius is a small triangular musele, placed in the interval between 
the clavicle and the first rib. It arises by a short, thick tendon from the first mb 
and its cartilage at their junction, in front of the rhomboid ligament; the fleshy 
fibres proceed obliquely upwards and outwards, to be inserted into the groove on 
the under surface of the clavicle between the rhomboid and conoid ligaments. 

Relations.—By its upper surface, with the clavicle. By its deep surface, it is 
separated from the first rib by the subclavian vessels and brachial plexus of 
nerves. Its anterior surface is separated from the Pectoralis rnajor by the costo- 
coracoid membrane, which, with the clavicle, forms an osseo-fibrous sheath in 
which the muscle is enclosed. 


If the costal attachment of the Pectoralis minor is divided across, and the muscle 
reflected outwards, the axillary vessels and nerves are brought fully into view, and should 
be examined. 


Nerves.—The Pectoralis major is supplied by the external and internal 
anterior thoracic nerves; through these nerves the muscle receives filaments 
from all the spinal nerves entering into the formation of the brachial plexus ; 
the Pectoralis minor receives its fibres from the eighth cervical and first dorsal 
nerves through the internal anterior thoracic nerve. The Subclavius is supplied 
by a filament derived from the fifth and sixth cervical nerves. 

Actions.—If the arm has been raised by the Deltoid, the Pectoralis major 
will, conjointly with the Latissimus dorsi and Teres major, depress it to the 
side of the chest. If acting alone, it adducts and draws forwards the arm, 
bringing it across the front of the chest, and at the same time rotates it inwards. 
The Pectoralis minor depresses the point’of the shoulder, drawing the scapula 
downwards and inwards to the thorax, and throwing the inferior angle. back- 
wards. The Subclavius depresses the shoulder, drawing the clavicle downwards 
and forwards. When the arms are fixed, all three muscles act upon the ribs, 
drawing them upwards and expanding the chest, and thus becoming very 
important agents in forced inspiration. Asthmatic patients always assume 
an attitude which fixes the shoulders, so that all these muscles may be brought 
into action to assist in dilating the cavity of the chest. 


2. Lateral Thoracic Region 
Serratus magnus. 


The Serratus magnus (fig. 423) is a thin, irregularly quadrilateral muscle, 
situated between the ribs and the scapula at the upper and lateral part of the 
chest. It arises by fleshy digitations from the outer surfaces and upper borders 
of the eight or nine upper ribs, and from the aponeurosis covering the inter- 
costal muscles between them. Each digitation (except the first) arises from the 
corresponding rib; the first digitation arises from the first and second ribs, and 
from the fascia covering the first intercostal space. From this extensive attach- 
ment the fibres pass backwards, closely applied to the chest-wall, and reach 
the vertebral border of the scapula, and are inserted into its ventral aspect 
in the following manner. The first digitation, arising from the first and second 
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ribs, is inserted into a triangular area on the ventral aspect of the superior angle. 
The next two digitations (i.e. from the second and third ribs) spread out to form 
a thin triangular sheet, the base of which is directed backwards and is inserted 
into nearly the whole length of the ventral aspect of the vertebral border. The 
lower five or six digitations converge to form a fan-shaped mass, the apex 
of which is inserted, by muscular and by tendinous fibres, into a triangular 
impression on the ventral aspect of the 

inferior angle. The lower four slips inter- p à l 
digitate at their origin with the upper five A eo eee the M m ae 
slips of the External oblique muscle of the ete Royal College of Se a i 


abdomen. l l En gland.) 
Relations. — This muscle is partly Spine of 
covered, in front, by the Pectoral muscles scapula 


and by the mammary gland; behind, by 
the Subscapularis. The axillary vessels 
and nerves lie upon its upper part, while 
its deep surface rests upon the ribs and 
Intercostal muscles. 

Nerve.—The Serratus magnus is sup- 
plied by the posterior thoracic nerve, which 
is derived from the fifth, sixth, and seventh 
cervical nerves. 

Actions.—The Serratus magnus, as a 
whole, carries the scapula forwards, and at 
the same time raises the vertebral border 
of the bone. It is therefore concerned in 
the action of pushing. Its lower and 
stronger fibres move forwards the lower 
angle and assist the Trapezius in rotating 
the bone at the sterno-clavicular joint, 
and thus assist this muscle in raising the 
acromion and supporting weights upon the 
shoulder. It is also an assistant to the 
Deltoid in raising the arm, inasmuch as 
during the action of this latter muscle it 
fixes the scapula and so steadies the glenoid 
cavity on which the head of the humerus 
rotates. After the Deltoid has raised the 
arm to a right angle with the trunk, the 
Serratus magnus and the Trapezius, by 
rotating the scapula, raise the arm into an 
almost vertical position. It is possible that 
when the shoulders are fixed the lower 
fibres of the Serratus magnus may assist 
in raising and everting the ribs; but it is 
not the important inspiratory muscle which 
it was formerly believed to be. 


Surgical Anatomy.—When the muscle is 
paralysed, the vertebral border, and especially 
the lower angle of the scapula, leave the ribs and stand out prominently on the surface, 
giving a peculiar ‘ winged’ appearance to the back. The patient is unable to raise the 
arm, and an attempt to do so is followed by a further projection of the lower angle of the 
scapula from the back of the thorax. 

Dissection.—After completing the dissection of the axilla, if the muscles of the back 
have been dissected, the upper extremity should be separated from the trunk. Saw 
through the clavicle at its centre, and then cut through the muscles which connect the 
scapula and arm with the trunk, viz. the Pectoralis minor in front, Serratus magnus at 
the side, and the Levator anguli scapule, the Rhomboids, Trapezius, and Latissimus dorsi 
behind. These muscles should be cleaned and traced to their respective insertions. Then 
make an incision through the integument, commencing at the outer third of the clavicle, 
and extending along the margin of that bone, the acromion proccss, and spine of the 
scapula; the integument should be dissected from above downwards and outwards, when 


the fascia covering the Deltoid is exposed (fig. 420, 3). 
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Il. MUSCLES AND Fascia oF THE SHOULDER AND ARM 


The superficial fascia of the upper extremity is a thin fibro-cellular layer, 
containing the superficial veins and lymphatics, and the cutaneous nerves. It is 
most distinct in front of the elbow, where it contains very large superficial veins 
and nerves; in the hand it is hardly demonstrable, the integument being closely 
adherent to the deep fascia by dense fibrous bands. Subcutaneous burse are 
found in this fascia over the acromion, the olecranon, and the knuckles. 

The deep fascia of the upper extremity comprises the aponeurosis of the 
shoulder, arm, and forearm, the anterior and posterior annular ligaments of the 
carpus, and the palmar fascia. These will be considered in the description of 
the muscles of the several regions. 


3. Acromial Region 
Deltoid. 


The deep fascia covering the Deltoid (deltoid aponeurosis) is a fibrous layer, 
which covers the outer surface of the muscle, thick and strong behind, where it 
is continuous with the Infraspinatus fascia, thinner over the rest of its extent. 
It sends numerous prolongations between the fasciculi of the muscle. In front, 
it is continuous with the fascia covering the great Pectoral muscle; behind, 
with that covering the Infraspinatus; above, it is attached to the clavicle, the 
acromion, and spine of the scapula ; below, it is continuous with the deep fascia 
of the arm. 

The Deltoid (fig. 421) is a large, thick, triangular muscle, which gives the 
rounded outline to the shoulder, and has received its name from its resemblance 
to the Greek letter A reversed. It covers the shoulder-joint in front, behind, 
and on its outer side. It arises from the outer third of the anterior border and 
upper surface of the clavicle ; from the outer margin and upper surface of the 
acromion process; and from the lower lip of the posterior border of the spine 
of the scapula, as far back as the triangular surface at its inner end. From 
this extensive origin the fibres converge towards their insertion, the middle 
passing vertically, the anterior obliquely backwards, the posterior obliquely 
forwards; they unite to form a thick tendon, which is inserted into a rough 
triangular prominence on the middle of the outer side of the shaft of the 
humerus. At its insertion the muscle gives off an expansion to the deep fascia 
of the arm. This muscle is remarkably coarse in texture, and the arrangement 
of its muscular fibres is somewhat peculiar ; the central portion of the muscle— 
that is to say, the part arising from the acromion process—consists of oblique 
fibres, which arise in a bipenniform manner from the sides of tendinous inter- 
sections, generally four in number, which are attached above to the acromion 
process and pass downwards parallel to one another in the substance of the 
muscle. The oblique muscular fibres thus formed are inserted into similar 
tendinous intersections, generally three in number, which pass upwards from 
the insertion of the muscle into the humerus and alternate with the descending 
septa. The portions of the muscle which arise from the clavicle and spine of 
the scapula are not arranged in this manner, but pass from their origin above, 
to be inserted into the margins of the inferior tendon. 

Relations.—By its superficial surface, with the integument, the superficial and 
deep fasciz, Platysma, and supra-acromial nerves. Its deep surface is separated 
from the capsule of the shoulder-joint by a large synovial bursa, and covers 
the coracoid process, coraco-acromial ligament, Pectoralis minor, Coraco- 
brachialis, both heads of the Biceps, the tendon of the Pectoralis major, the 
insertions of the Supraspinatus, Infraspinatus, and Teres minor, the scapular 
and external heads of the Triceps, the circumflex vessels and nerve, and the 
upper part of the shaft of the humerus. Its anterior border is separated at its 
upper part from the Pectoralis major by a cellular interspace, which lodges 
the cephalic vein and humeral branch of the acromio-thoracic artery: lower 
down the two muscles are in close contact. Its posterior border rests on the 
Infraspinatus and Triceps muscles. | 

Nerves.—The Deltoid is supplied by the fifth and sixth cervical through the 
circumflex nerve. 


Actions.—The Deltoid raises the arm directly from the side, so as to bring it 
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at right angles with the trunk. Its anterior fibres, assisted by the Pectoralis 
major, draw the arm forwards ; and its posterior fibres, aided by the Teres major 
and Latissimus dorsi, draw it backwards. 


Surgical Anatomy.—The Deltoid is very liable to atrophy, and when in this condition 
simulates dislocation of the shoulder-joint, as there is flattening of the shoulder and 
apparent prominence of the acromion process; the distance also between the acromion 
process and the head of the bone is increased, and the tips of the fingers can be inserted 
between them. Atrophy of the Deltoid may be due to disuse or loss of trophic influence, 
either from injury to the circumflex nerve or cord lesions, as in infantile paralysis. 

Dissectton.— Divide the Deltoid across, near its upper part, by an incision carried along 
the margin of the clavicle, the acromion process, and spine of the scapula, and reflect it 
downwards, when the structures under cover of it will be seen. 


4. Anterior Scapular Region 
Subscapularis. 


The subscapular fascia is a thin membrane attached to the entire circum- 
ference of the subscapular fossa, and affording attachment by its inner surface 
to some of the fibres of the Subscapularis muscle: when this is removed, the 
Subscapularis muscle is exposed. 

The Subscapularis (fig. 422) is a large triangular muscle, which fills up the 
subscapular fossa, arising from its internal two-thirds, with the exception of a 
narrow margin along the posterior border, and the surfaces at the superior and 
inferior angles which afford attachment to the Serratus magnus: it also arises 
from the lower two-thirds of the groove on the axillary border of the bone. 
Some fibres arise from tendinous laminæ, which intersect the muscle, and are 
attached to ridges on the bone ; and others from an aponeurosis, which separates 
the muscle from the Teres major and the long head of the Triceps. The fibres 
pass outwards, and, gradually converging, terminate in a tendon, which is inserted 
into the lesser tuberosity of the humerus and the front of the capsular ligament 
of the shoulder-joint. The tendon of the muscle is separated from the neck of 
the scapula and anterior part of the capsular ligament. of the shoulder-joint 
by a large bursa, which communicates with the cavity of the joint by an aperture 
in the capsular ligament. 

Relations.—The anterior surface of this muscle forms a considerable part of 
the posterior wall of the axilla, and is in relation with the Serratus magnus, 
Coraco-brachialis, and Biceps, the axillary vessels and brachial plexus of nerves, 
and the subscapular vessels and nerves. Its posterior surface is in relation with 
the scapula and the capsular ligament of the shoulder-joint. Its lower border 
is contiguous with the Teres major and Latissimus dorsi. _ 

Nerves.—The Subscapularis is supplied by the fifth and sixth cervical nerves 
through the upper and lower subscapular nerves. : 

Actions.— The Subscapularis rotates the head of the humerus inwards ; when 
the arm is raised, it draws the humerus forwards and downwards. It is a 
powerful defence to the front of the shoulder-joint, preventing displacement of 
the head of the bone. 


s. Posterior Scapular Region (fig. 424) 


Supraspinatus. Teres minor. 
Infraspinatus. Teres major. 


Dissection.—To expose these muscles, and to examine their mode of insertion into 
the humerus, detach the Deltoid and Trapezius from their attachment to the spine of the 
scapula and acromion process. Remove the clavicle by dividing the ligaments connecting 
it with the coracoid process, and separate it at its articulation with the scapula: divide the 
acromion process near its root with asaw. The fragments being removed, the tendons of 
the posterior Scapular muscles will be fully exposed, and can be examined. A block should 
be placed beneath the shoulder-joint, so as to make the muscles tense. 


The supraspinous fascia is a thick and dense membranous layer, which com- 
pletes the osseo-fibrous case in which the Supraspinatus muscle is contained ; 
affording attachment, by its deep surface, to some of the fibres of the muscle. 
It is thick internally, but thinner externally under the coraco-acromial ligament. 
When this fascia is removed, the Supraspinatus muscle is exposed. 
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The Supraspinatus muscle occupies the whole of the supraspinous fossa, 
arising from its internal two-thirds, and from the strong fascia which covers its 
surface. The muscular fibres converge to a tendon, which passes across the 
upper -part of the capsular ligament of the shoulder-joint, to which it is intimately 
adherent, and is inserted into the highest of the three impressions on the great 
tuberosity of the humerus. 

Relations.—By its upper surface, with the Trapezius, the clavicle, the 
acromion, the coraco-acromial ligament, and the Deltoid. By its under surface, 
with the scapula, the suprascapular vessels and nerve, and upper part of the 
shoulder-joint. 

The infraspinous fascia is a dense fibrous membrane, covering in the Infra- 
spinatus muscle and fixed to the circumference of the infraspinous fossa; it 
affords attachment, by its inner surface, to some fibres of that muscle. At the 


Fig. 424.—Muscles on the dorsum of the scapula and the Triceps. 
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point where the Infraspinatus commences to be covered by the Deltoid, this 
fascia divides into two layers: one layer passes over the Deltoid musele, helping 
to form the Deltoid fascia already described ; the other passes beneath the 
Deltoid to the shoulder-ioint. 

The Infraspinatus is a thick triangular muscle, which occupies the chief part 
of the infraspinous fossa, arising by fleshy fibres from its internal two-thirds ; 
and by tendinous fibres from the ridges on its surface: it also arises from a 
strong fascia which covers it externally, and separates it from the Teres major 
and minor. The fibres converge to a tendon, which glides over the external 
border of the spine of the scapula, and, passing across the posterior part of the 
capsular ligament of the shoulder-joint, is inserted into the middle impression on 
the great tuberosity of the humerus. The tendon of this muscle is sometimes 
separated from the capsule of the shoulder-joint by a synovial bursa, which may 
communicate with the joint cavity. 
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Relations—By its posterior surface, with the Deltoid, the Trapezius, 
Latissimus dorsi, and the integument. By its anterior surface, with the scapula, 
the suprascapular nerve, the suprascapular and dorsalis scapule vessels, and 
the capsular ligament of the shoulder-joint. Its lower border is in contact 
with the Teres major and minor, and is occasionally united with the latter. 

The Teres minor is a narrow, elongated muscle, which arises from the dorsal 
surface of the axillary border of the scapula for the upper two-thirds of its extent, 
and from two aponeurotic laminæ, one of which separates this muscle from the 
Infraspinatus, the other from the Teres major ; its fibres pass obliquely upwards 
and outwards, and terminate in a tendon, which is inserted into the lowest of 
the three impressions on the great tuberosity of the humerus, and, by fleshy 
fibres, into the humerus immediately below it. The tendon of this muscle passes 
across, and is united with, the posterior part of the capsular ligament of the 
shoulder-joint. 

Relations.—By its posterior surface, with the Deltoid, and the integument. 
By its anterior surface, with the scapula, the dorsal branch of the subscapular 
artery, the long head of the Triceps, and the shoulder-joint. By its upper border, 
with the Infraspinatus. By its lower border, with the Teres major, from which 
it is separated anteriorly by the long head of the Triceps. 

The Teres major is a thick but somewhat flattened muscle, which arises 
from the oval surface on the dorsal aspect of the inferior angle of the scapula, 
and from the fibrous septa interposed between it and the Teres minor and 
Infraspinatus ; the fibres are directed upwards and outwards, and terminate 
in a flat tendon, about two inches in length, which is inserted into the inner 
bicipital ridge of the humerus. The tendon of this muscle, at its insertion into 
the humerus, lies behind that of the Latissimus dorsi, from which it is separated 
by a synovial bursa, the two tendons being, however, united along their lower 
borders for a short distance. 

Relations.—By its posterior surface, with the Latissimus dorsi below, and the 
long head of the Triceps above. By its anterior surface, with the Subscapularis, 
Latissimus dorsi, Coraco-brachialis, short head of the Biceps, the axillary 
vessels, and brachial plexus of nerves. Its upper border is at first in relation 
with the Teres minor, from whith it is afterwards separated by the long head of 
the Triceps. Its lower border forms, in conjunction with the Latissimus dorsi, 
part of the posterior. boundary of the axilla. The Latissimus dorsi at first 
covers the origin of the Teres major, then wraps itself obliquely round its lower 
border, so that its tendon ultimately comes to liein front of that of the Teres 
major. 

eves. The Supra- and Infra-spinatus muscles are supplied by the fifth and 
sixth cervical nerves through the suprascapular nerve; the Teres minor, by the 
fifth cervical, through the circumflex; and the Teres major, by the fifth and 
sixth cervical, through the lower subscapular. 

Actions.—The Supraspinatus assists the Deltoid in raising the arm from the 
side, and fixes the head of the humerus in the glenoid cavity. The Infraspinatus 
and Teres minor rotate the head of the humerus outwards: they also assist in 
carrying the arm backwards. One of the most important uses of these three 
muscles is the great protection they afford to the shoulder-joint, the Supra- 
spinatus supporting it above, and preventing displacement of the head of the 
humerus upwards, while the Infraspinatus and Teres minor protect it behind, 
and prevent dislocation backwards. The Teres major assists the Latissimus 
dorsi in drawing the humerus downwards and backwards, when previously 
raised, and rotating it inwards ; when the arm is fixed it may assist the Pectoral 
and Latissimus dorsi muscles in drawing the trunk forwards. 


6. Anterior Humeral Region (fig. 422) 
Coraco-brachialis. Biceps. Brachialis anticus. 


Dissection.—The arm being placed on the table, with the front surface uppermost, 
make a vertical incision through the integument along the middle line, from the outer 
extremity of the anterior fold of the axilla, to about two inches below the elbow-joint, 
where it should be joined by a transverse incision, extending from the inner to the outer 
side of the forearm; the two flaps being reflected on either side, the fascia should be 
examined (fig. 420). 
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The deep fascia of the arm is continuous with that covering the Deltoid and 
the great Pectoral muscle, by means of which it is attached, above, to the 
clavicle, acromion, and spine of the scapula ; it forms a thin, loose, membranous 
sheath investing the muscles of the arm, and sends inwards septa between 
them; it is composed of fibres disposed in a circular or spiral direction, and 
connected together by vertical and oblique fibres. It differs in thickness at 
different parts, being thin over the Biceps, but thicker where it covers the 
Triceps, and over the condyles of the humerus: it is strengthened by fibrous 
aponeuroses, derived from the Pectoralis major and Latissimus dorsi on the 
inner side, and from the Deltoid externally. On either side it gives off a strong 
intermuscular septum, which is attached to the corresponding supracondylar 
ridge and condyle of the humerus. These septa serve to separate the muscles of 
the anterior from those of the posterior brachial region. The external inter- 
muscular septum extends from the lower part of the anterior bicipital ridge, along 
the external supracondylar ridge, to the outer epicondyle ; it is blended with the 
tendon of the Deltoid, gives attachment to the Triceps behind, to the Brachialis 
anticus, Supinator longus, and Extensor carpi radialis longior, in front; and is 
perforated by the musculo-spiral nerve and superior profunda artery. The 
internal intermuscular septum, thicker than the preceding, extends from the lower 
part of the posterior lip of the bicipital groove below the Teres major, along the 
internal supracondylar ridge to the inner epicondyle; it is blended with the 
tendon of the Coraco-brachialis, and affords attachment to the Triceps behind 
and the Brachialis anticus in front. It is perforated by the ulnar nerve, the 
inferior profunda artery, and the posterior branch of the anastomotic artery. 
At the elbow, the deep fascia is attached to all the prominent points round the 
joint, viz. the epicondyles of the humerus and the olecranon process of the ulna, 
and is continuous with the deep fascia of the forearm. Just below the middle 
of the arm, on its inner side, in front of the internal intermuscular septum, is an 
oval opening in the deep fascia, which transmits the basilic vein and some 
lymphatic vessels. On the removal of this fascia, the muscles, vessels, and 
nerves of the anterior humeral region are exposed. 

The Coraco-brachialis, the smallest of the three muscles in this region, is 
situated at the upper and inner part of the arm. It arises by fleshy fibres from 
the apex of the coracoid process, in common with the short head of the Biceps, 
and from the intermuscular septum, between the two muscles; the fibres pass 
downwards, backwards, and a httle outwards, to be inserted by means of a flat 
tendon into an impression at the middle of the inner surface and internal border 
of the shaft of the humerus between the origins of the Triceps and Brachialis 
anticus. It is perforated by the musculo-cutaneous nerve. The inner border of 
the muscle forms a guide to the position of the terminal portion of the axillary 
and upper part of the brachial arteries. 

Relations.—By its anterior surface, with the Pectoralis major above, and at 
its insertion with the brachial vessels and median nerve which cross it. By its 
posterior surface, with the tendons of the Subscapularis, Latissimus dorsi, and 
Teres major, the inner head of the Triceps, the humerus, and the anterior cir- 
cumflex vessels. By its inner border, with the brachial artery and the median 
and musculo-cutaneous nerves. By its outer border, with the short head of the 
Biceps and Brachialis anticus. 

The Biceps (Biceps flexor cubiti) is a long fusiform muscle, occupying the 
whole of the anterior surface of the arm, and divided above into two portions or 
heads, from which circumstance it has received its name. The short head arises 
by a thick flattened tendon from the apex of the coracoid process, in common 
with the Coraco-brachialis. The long head arises from the supraglenoid tubercle 
at the upper margin of the glenoid cavity, and is continuous with the glenoid 
ligament. This tendon arches over the head of the humerus, being enclosed in a 
special sheath of the synovial membrane of the shoulder-joint; it then passes 
through an opening in the capsular ligament at its attachment to the humerus, and 
descends in the bicipital groove, in which it is retained by the transverse humeral 
ligament and by a fibrous paclangptiqn from the tendon of the Pectoralis major. 
Each tendon is succeeded by an elongated muscular belly, and the two bellies, 
although closely applied to each other, can readily be separated until within 
about three inches of the elbow-joint. Here they end in a flattened tendon, 
which is inserted into the rough posterior portion of the tuberosity of the radius, 
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a synovial bursa being interposed between the tendon and the front part of the 
tuberosity. As the tendon of the muscle approaches the radius it is twisted 
upon itself, so that its anterior surface becomes external and is applied to the 
tuberosity of the radius at its insertion: opposite the bend of the elbow the 
tendon gives off, from its inner side, a broad aponeurosis, the bicepital fascia 
{semilunar fascia), which passes obliquely downwards and inwards across the 
brachial artery, and is continuous with the deep fascia covering the origins of the 
Flexor muscles of the forearm (fig. 421). The inner border of this muscle forms 
aoa to the position of the brachial artery, in tying the vessel in the middle of 
e arm. 

Relations.—Its anterior surface is overlapped above by the Pectoralis major 
and Deltoid ; in the rest of its extent it is covered by the superficial and deep 
fasciss and the integument. Its posterior surface rests above on the shoulder- 
joint and upper part of the humerus; below, it lies on the Brachialis anticus, 
with the musculo-cutaneous nerve intervening between the two, and on the 
Supinator brevis. Its inner border is in relation with the Coraco-brachialis, and 
overlaps the brachial vessels, and median nerve; its outer border, with the 
Deltoid and Supinator longus. 

The Brachialis anticus is a broad muscle, which covers the elbow-joint and 
the lower half of the front of the humerus. It is somewhat compressed from 
before backwards, and is broader in the middle than at either extremity. It arises 
from the lower half of the front of the humerus; and commences above at the 
insertion of the Deltoid, which it embraces by two angular processes. Its origin 
extends below, to within an inch of the margin of the articular surface. It 
also arises from the intermuscular septa, but more extensively from the inner 
than the outer, from which it is separated below by the Brachio-radialis 
(Supinator longus) and Extensor carpi radialis longior. Its fibres converge to a 
thick tendon, which is inserted into a rough depression on the anterior surface of 
the coronoid process of the ulna, being received into an interval between two 
fleshy slips of the Flexor profundus digitorum. 

Relations.—By its anterior surface, with the Biceps, the brachial vessels, 
musculo-cutaneous and median nerves. By its posterior surface, with the 
humerus and front of the elbow-joint. By its inner border, with the Triceps, 
ulnar nerve, and Pronator radii teres, from which it is separated by the inter- 
muscular septum. By its owter border, with the musculo-spiral nerve, radial 
recurrent artery, the Brachio-radialis, and Extensor carpi radialis longior. 

Nerves.—The muscles of this group are supplied by the musculo-cutaneous 
nerve. The Brachialis anticus usually receives an additional filament from the 
musculo-spiral. The Coraco-brachialis receives its supply primarily from the 
seventh cervical, the Biceps and Brachialis anticus from the fifth and sixth 
cervical nerves. 

Actions.—The Coraco-brachialis draws the humerus forwards and inwards, 
and at the same time assists in elevating it towards the scapula. The Biceps is 
a flexor of the forearm: it is also a powerful supinator, and serves to render 
tense the deep fascia of the forearm by means of the bicipital fascia given off from 
its tendon. The Brachialis anticus is a flexor of the forearm, and forms an 
important defence to the elbow-joint. When the forearm is fixed, the Biceps 
and Brachialis anticus flex the arm upon the forearm, as is seen in efforts of 
climbing. 

Surgical Anatomy.—The long tendon of the Biceps is sometimes dislocated from the 
Bicipital groove. When this takes place, the arm becomes fixed in a position of abduction, 
but the head of the humerus can be felt in its proper position. It can generally be 
replaced by flexing the forearm on the arm and rotating the limb. Rupture of the long 
tendon of the Biceps may also take place. 
ges ee gi a aa 

* A third head to the Biceps is occasionally found (Theile says as often as once in 
eight or nine subjects), arising at the upper and inner part of the Brachialis anticus, with 
the fibres of which it is continuous, and inserted into the bicipital fascia and inner side of 
the tendon of the Biceps. In most cases this additional slip passes behind the brachial 
artery in its course down the arm. In some instances the third head consists. of two slips, 
which pass down, one in front, the other behind the artery, concealing the vessel in the 
lower half of the arm. 

LL 
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4. Posterior Humeral Region 
Triceps. _ Subanconeus. 


The Triceps (Triceps extensor cubiti) (fig. 424) is situated on the back of the 
arm, extending the entire length of the posterior surface of the humerus. It 
is of large size, and divided above into three parts: hence its name. These 
three portions have been named (1) the middle, scapular, or long head ; (2) the 
external, or long humeral head ; and (3) the internal, or short humeral head. 

The middle or scapular head arises, by a flattened tendon, from a rough 
triangular depression on the scapula, immediately below the glenoid cavity, being 
blended at its upper part with the capsular ligament; the muscular fibres pass 
downwards between the two other portions of the muscle, and join with them in 
the common tendon of insertion. 

The external head arises from the posterior surface of the shaft of the humerus, 
between the insertion of the Teres minor and the upper part of the musculo-spiral 
groove ; from the external border of the humerus and the external intermuscular 
septum: the fibres from this origin converge towards the common tendon of 
insertion. 

The internal head arises from the posterior surface of the shaft of the 
humerus, below the musculo-spiral groove: it is narrow and pointed above, 
and extends below the insertion of the Teres major to within an inch of the 
trochlear surface: it also arises from the internal border of the humerus and 
from the back of the whole length of the internal and lower part of the external 
intermuscular septa. The fibres of this portion of the muscle are directed, some 
downwards to the olecranon, while others converge to the common tendon of 
insertion. 

The convmon tendon of the Triceps commences about the middle of the back 
part of the muscle: it consists of two aponeurotic laminæ, one of which is 
subcutaneous and covers the posterior surface of the muscle for the lower half 
of its extent; the other is more deeply seated in the substance of the muscle ; 
after receiving the attachment of the muscular fibres, they join together above 
the elbow, and are inserted, for the most part, into the posterior portion of the 
upper surface of the olecranon process; a band of fibres is, however, continued 
downwards, on the outer side, over the Anconeus, to blend with the deep fascia 
of the forearm. 

The long head of the Triceps descends between the Teres minor and Teres 
major, dividing the triangular space between these two muscles and the humerus 
into two smaller spaces, one triangular, the other quadrangular (fig. 424). The 
triangular space contains the dorsalis scapule vessels; it is bounded by the 
Teres minor above, the Teres major below, and the scapular head of the Triceps 
externally: the quadrangular space transmits the posterior circumflex vessels and 
the circumflex nerve; it is bounded by the Teres minor above, the Teres major 
below, the scapular head of the Triceps internally, and the humerus externally. 

Relations.—By its posterior surface, with the Deltoid above: in the rest of its 
extent it is subcutaneous. By its anterior surface, with the humerus, musculo- 
spiral nerve, superior profunda vessels, and back part of the elbow-joint. Its 
middle or long head is in relation, behind, with the Deltoid and Teres minor; in 
front, with the Subscapularis, Latissimus dorsi, and Teres major. 

The Subanconeus is a name given to a few fibres from the under surface of 
the lower part of the Triceps muscle, which are inserted into the posterior 
ligament and synovial membrane of the elbow-joint. By some authors it is 
regarded as the analogue of the Subcrureus in the lower limb, but it is not a 
separate muscle. 

Nerves.—The Triceps is supplied by the seventh and eighth cervical nerves 
through the musculo-spiral nerve. 

Actions.—-The Triceps is the great extensor muscle of the forearm, serving, 
when the forearm is flexed, to extend the elbow-joint. It is the direct antagonist 
of the Biceps and Brachialis anticus. When the arm is extended, the long head 
of the muscle may assist the Teres major and Latissimus dorsi in drawing the 
humerus backwards and in adducting it to the thorax. The long head of the 
Triceps protects the under part of the shoulder-joint, and prevents displacement 
of the head of the humerus downwards and backwards. The Subanconeus 
draws up the posterior ligament during extension of the forearm. 


OF THE FOREARM 515 


Surgical Anatomy.—The existence of the band of fibres from the Triceps to the fascia 
of the forearm is of importance in excision of the elbow, and should always be carefully 
preserved from injury by the operator, as by means of these fibres the patient is enabled 
to extend the forearm, a movement which would otherwise mainly be accomplished by 
gravity—that is to say, by allowing the forearm to drop from its own weight. 


II. Muscnues anp FASCIÆ OF tae FOREARM 


Dissection.—To dissect the forearm, place the limb in the position indicated in fig. 420, 
make a vertical incision along the middle line from the elbow to the wrist, and a transverse 
incision at the extremity of this; the superficial structures being removed, the deep fascia 
of the forearm is exposed. 


The deep fascia of the forearm, continuous above with that enclosing the 
arm, is a dense, highly glistening aponeurotic investment, which forms a general 
sheath enclosing the muscles in this region; it is attached, behind, to the 
olecranon and posterior border of the ulna, and gives off from its deep surface 
numerous intermuscular septa, which enclose each muscle separately. Below, 
it is continuous in front with the anterior annular ligament of the wrist, and 
forms a sheath for the tendon of the Palmaris longus muscle, which passes over 
the annular ligament to be inserted into the palmar fascia. Behind, near the 
wrist-joint, it becomes much thickened by the addition of many transverse fibres, 
and forms the posterior annular ligament. It consists of circular and oblique 
fibres, connected together by numerous vertical fibres. It is much thicker on 
the posterior than on the anterior surface, and at the lower than at the upper 
part of the forearm, and is strengthened above by tendinous fibres derived from 
the Biceps in front, and from the Triceps behind. Its deep surface gives origin 
to muscular fibres, especially at the upper part of the inner and outer sides of 
the forearm, and forms the boundaries of a series of conical-shaped cavities, in 
which the muscles are contained. Besides the vertical septa separating the 
individual muscles, transverse septa are given off both on the anterior and 
posterior surfaces of the forearm, separating the deep from the superficial layer 
of muscles. Numerous apertures exist in the fascia for the passage of vessels 
and nerves; one of these, of large size, situated at the front of the elbow, serves 
for the passage of a communicating branch between the superficial and deep 
veins. Near the wrist, it is perforated on its anterior surface by the ulnar artery 
and nerve. l 

The muscles of the forearm may be subdivided into groups corresponding to 
the region they occupy. One group occupies the inner and anterior aspect of 
the forearm, and comprises the Flexor and Pronator muscles. Another group 
occupies its outer side ; and a third its posterior aspect. The two latter groups 
include all the Extensor and Supinator muscles. 


8. Anterior Radio-ulnar Region 


The muscles in this region are divided for convenience of description into 
two groups or layers, superficial and deep. 


Superficial Layer 
Pronator radii teres. Palmaris longus. 


Flexor carpi radialis. Flexor carpi ulnaris. 
Flexor sublimis digitorum. 


These muscles take origin from the internal epicondyle of the humerus by 
a common tendon ; they receive additional fibres from the deep fascia of the 
forearm near the elbow, and from the septa which pass inwards from this fascia 
between the individual muscles. 

The Pronator radii teres has two heads of origin. One, the larger and more 
superficial, arises from the humerus, immediately above the internal epicondyle, 
and from the tendon common to the origin of the other muscles; also from the 
fascia of the forearm, and intermuscular septum between it and the Flexor carpi 
radialis. The other head is a thin fasciculus, which arises from the inner side 
of the coronoid process of the ulna, and joins the preceding at an acute angle. 
Between the two heads the median nerve enters the forearm. The muscle 
passes obliquely across the forearm from the inner to the outer ae and 
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terminates in a flat tendon, which turns over the outer margin of the radius, 
and is inserted into a rough impression at the middle of the outer surface of 
the shaft of that bone. 

Relations.—-By its anterior surface throughout the greater part of its extent 
with the deep fascia; at its insertion it is crossed by the radial vessels and 
nerve and covered by the Brachio-radialis. By its posterior surface, with the 
Brachialis anticus, Flexor sublimis digitorum, the median nerve, and ulnar 
artery: the small, or deep, head being interposed between the two latter 
structures. Its outer border forms the inner boundary of a triangular space 
(antecubital fossa), situated in front of the elbow-joint, which contains the 
brachial artery, median nerve, and tendon of the Biceps muscle. Its inner border 
is in contact with the Flexor carpi radialis. 


Surgical Anatomy.—This muscle, when suddenly brought into very active use, as in the 
game of lawn tennis, is apt to be strained, producing slight swelling, tenderness, and pam 
on putting the muscle into action. This is known as ‘lawn-tennis arm.’ 


The Flexor carpi radialis lies on the inner side of the preceding muscle. 
Tt arises from the internal epicondyle by the common tendon, from the fascia of 
the forearm, and from the intermuscular septa between it and the Pronator radii 
teres externally, the Palmaris longus internally, and the Flexor sublimis digi- 
torum beneath. Slender and aponeurotic in structure at its commencement, 
it increases in size, and terminates in a tendon, which forms rather more than 
the lower half of its length. This tendon passes through a canal in the outer 
part of the annular ligament, runs through a groove in the os trapezium (which 
is converted into a canal by a fibrous sheath, and lined by a synovial membrane), 
and is inserted into the base of the metacarpal bone of the index finger, and by 
a slip into the base of the metacarpal bone of the middle finger. The radial 
artery, in the lower part of the forearm, lies between the tendon of this muscle 
and the Supinator longus, and may easily be tied in this situation. 

Relations,—By its superficial surface, with the deep fascia and the integu- 
ment. By its deep surface, with the Flexor sublimis digitorum, Flexor longus 
pollicis, and wrist-joint. By its outer border, with the Pronator radii teres and 
the radial vessels. By its inner border, with the Palmaris longus above, and the 
median nerve below. 

The Palmaris longus is a slender, fusiform muscle, lying on the inner side 
of the preceding. It arises from the inner epicondyle of the humerus by the 
common tendon, from the deep fascia, and the intermuscular septa between it 
and the adjacent muscles. It terminates in a slender, flattened tendon, which 
passes over the upper part of the annular ligament, to end in the central part 
of the palmar fascia and lower part of the annular ligament, frequently sending 
a tendinous slip to the short muscles of the thumb. This muscle is often absent, 
and is subject to very considerable variations: it may be tendinous above and 
muscular below ; or it may be muscular in the centre, with a tendon above and 
below; or if may present two muscular bundles with a central tendon: or 
finally it may consist simply of a mere tendimous band. 

Relations.—By its superficial surface, with the deep fascia. By its deep 
surface, with the Flexor sublimis digitorum. Internally, with the Flexor carpi 
ulnaris. Externally, with the Flexor carpi radialis. Just above the wrist the 
median nerve lies close to the tendon, on its outer and posterior side. 

The Flexor carpi ulnaris lies along the ulnar side of the forearm. It arises 
by two heads, connected by a tendinous arch, beneath which pass the ulnar 
nerve and posterior ulnar recurrent artery. One head arises from the inner 
epicondyle of the humerus by the common tendon; the other from the inner 
margin of the olecranon and from the upper two-thirds of the posterior border 
of the ulna by an aponeurosis, common to it and the Extensor carpi ulnaris 
and Flexor profundus digitorum ; and from the intermuscular septum between 
it and the Flexor sublimis digitorum. The fibres terminate in a tendon, which 
occupies the anterior part of the lower half of the muscle, and is inserted into 
the pisiform bone, and is prolonged from this to the fifth metacarpal and 
unciform bones, by the piso-metacarpal and piso-unciform ligaments: it is also 
attached by a few fibres to the annular ligament. The ulnar artery lies on the 
outer side of the tendon of this muscle, in the lower two-thirds of the forearm : 
the tendon forming a guide in tying the vessel in this situation. 
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Relations.—By its superficial surface, with the deep fascia, with which it is 
intimately connected for a considerable extent. By its deep surface, with the 
Flexor sublimis digitorum, the Flexor profundus digitorum, the Pronator 
quadratus, and the ulnar vessels and nerve. By its outer or radial border, with 
the Palmaris longus above, and the ulnar viele and nerve below. 

The Flexor sublimis digitorum (perforatus) is placed beneath the preceding 
muscles, which therefore must be removed in order to bring its attachment into 
view. It is the largest of the muscles of the 
superficial layer, and arises by three heads. One Fic. 425.—Front of the left fore- 
head arises from the internal epicondyle of the arm, Superficial muscles. 
humerus by the common tendon, from the in- 
ternal lateral ligament of the elbow-joint, and ieee ion ve yet tliny iil 
from the intermuscular septum common to it Be CA i 
and the preceding muscles. The second head 
arises from the inner side of the coronoid process 
of the ulna, above the ulnar origin of the Pro- 
nator radii teres (fig. 291, page 280). The third 
head arises from the oblique line of the radius, 
extending from the tubercle to the insertion of 
the Pronator radii teres. The fibres pass ver- 
tically downwards, forming a broad and thick 
muscle, which speedily separates into two planes 
of muscular fibres, superficial and deep: the 
superficial plane divides into two parts which 
end in tendons for the middle and ring fingers ; 
the deep plane also divides into two parts, which 
end in tendons for the index and little fingers, 
but previously to having done so, it gives off a 
muscular ‘slip, which joins that part of the super- 
ficial plane which is intended for the ring finger. 
As the four tendons thus formed pass beneath 
the annular ligament into the palm of the hand, 
they are arranged in pairs, the superficial pair 
corresponding to the middle and ring fingers, the 
deep pair to the index and little fingers. The 
tendons diverge from one another as they pass on- 
wards. Opposite the bases of the first phalanges 
each tendon divides into two slips, to allow of 
the passage of the corresponding tendon of the 
Flexor profundus digitorum ; the two portions of 
the tendon then unite and form a grooved channel 
for the reception of the accompanying deep Flexor 
tendon. Finally they subdivide a second time, 
to be inserted into the sides of the second 
phalanges about their middle. After leaving the 
palm, these tendons accompanied by the deep 
Flexor tendons lie in osseo-aponeurotic canals 
(fig. 426). The canals are formed by strong 
fibrous bands, which arch across the tendons, 
and are attached on each side to the margins 
of the phalanges. Opposite the middle of the 
proximal and second phalanges the sheath is 
very strong, and the fibres pass transversely ; 
but opposite the joints it is much thinner, and 
the fibres pass obliquely. Each sheath is lined 
by a synovial membrane, which is reflected on 
the contained tendons. 

Relations.—In the forearm, by its superficial surface, with the deep fascia and 
all the preceding superficial muscles; by its deep surface, with the. Flexor pro- 
fundus digitorum, Flexor longus pollicis, the ulnar vessels and nerve, and the 
median nerve. In the hand, its tendons are in relation, in front, with the palmar 
fascia, superficial palmar arch, and the branches of the median nerve ; behind 
with the tendons of the deep Flexor and the Lumbricales. 
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lia. 426.—F ront of the left forearm. 
Deep muscles. 





Deep Layer 


Flexor profundus digitorum. 
Flexor longus pollicis. 
Pronator quadratus. 


Dissection. — Divide each of the 
superficial muscles at its centre, and 
turn either end aside; the deep layer 
of muscles, together with the median 
nerve and ulnar vessels, will then be 
exposed. 


The Flexor profundus digitorum 
(perforans) (fig. 426) is situated on 
the ulnar side of the forearm, im- 
mediately beneath the superficial 
Flexors. It arises from the upper 
three-fourths of the anterior and 
inner surfaces of the shaft of the 
ulna, embracing the insertion of 
the Brachialis anticus above, and 
extending, below, to within a short 
distance of the Pronator quadratus. 
It also arises from a depression on 
the inner side of the coronoid pro- 
cess ; by an aponeurosis from the 
upper three-fourths of the posterior 
border of the ulna, in common 
with the Flexor and Extensor carpi 
ulnaris; and from the ulnar half 
of the interosseous membrane. 
The fibres form a fleshy belly of 
considerable size, which divides 
into four tendons: these pass 
under the annular ligament be- 
neath the tendons of the Flexor 
sublimis digitorum. Opposite the 
first phalanges, the tendons pass 
through the openings in the 
tendons of the Flexor sublimis 
digitorum, and are finally inserted 
into the bases of the last phalanges. 
The portion of the muscle for the 
index finger is usually distinct 
throughout, but the tendons for the 
three inner fingers are connected 
together by cellular tissue and 
tendinous dine, as far as the palm 
of the hand. The tendons of this 
muscle and those of the Flexor 
sublimis digitorum, while contained 
in the osseo-aponeurotic canals 
of the fingers, are invested in a 
synovial sheath, and are connected 
to each other, and to the phalanges, 
by slender, tendinous filaments, 
called vincula accessoria tendinum. 
There are two sets of these: (a) the 
ligamenta brevia, which are two in 
number in each finger, and consist 
of triangular bands of fibres con- 
necting the tendon of the Flexor 
sublimis digitorum to the front of 
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the first interphalangeal joint and head of the first phalanx, and the tendon of 
the Flexor profundus digitorum to the front of the second interphalangeal joint 
and head of the second phalanx ; (b) the ligamenta longa, which connect the under 
surface of the tendons of the Flexor profundus digitorum to the subjacent Flexor 
sublimis after the tendons of the former have passed through the latter. The 
ligamentum breve of the deep Flexor tendons consists largely of yellow elastic 
tissue, and may assist in drawing down the tendon after flexion of the finger." 

Four small muscles, the Lumbricales, are connected with the tendons of the 
ag profundus in the palm. They will be described with the muscles of the 

and. 

Relations.—By its superficial surface, in the forearm, with the Flexor sublimis 
digitorum, the Flexor carpi ulnaris, the ulnar vessels and nerve, and the median 
nerve; and in the hand, with the tendons of the superficial Flexor. By its deep 
surface, in the forearm, with the ulna, the interosseous membrane, the Pronator 
quadratus ; and in the hand, with the Interossei, Adductores pollicis, and deep 
palmar arch. By its ulnar border, with the Flexor carpi ulnaris. By its radial 
border, with the Fiexor longus pollicis, the anterior interosseous vessels and nerve 
being interposed. 

The Flexor longus pollicis is situated on the radial side of the forearm, lying 
on the same plane as the preceding. It arises from the grooved anterior surface 
of the shaft of the radius: commencing, above, immediately below the tuberosity 
and oblique line, and extending, below, to within a short distance of the Pronator 
quadratus. It also arises from the adjacent part of the interosseous membrane, 
and generally by a fleshy slip from the inner border of the coronoid process, or 
from the internal condyle of the humerus. The fibres proceed downwards, and 
terminate in a flattened tendon, which passes beneath the annular ligament, is 
then lodged in the interspace between the outer head of the Flexor brevis pollicis 
and the Adductor obliquus pollicis, and, entering an osseo-aponeurotic canal 
similar to those for the other Flexor tendons, is inserted into the base of the last 
phalanx of the thumb. 

Relations..—By its superficial surface, with the Flexor sublimis digitorum, 
Flexor carpi radialis, Brachio-radialis, and radial vessels. By its deep surface, 
with the radius, interosseous membrane, and Pronator quadratus. By its ulnar 
border, with the Flexor profundus digitorum, from which it is separated by the 
anterior interosseous vessels and nerve. 

The Pronator quadratus is a small, flat, quadrilateral muscle, extending trans- 
versely across the front of the radius and ulna, above their carpal extremities. 
It arises from the pronator ridge on the lower part of the anterior surface of the 
shaft of the ulna; from the inner part of the anterior surface of the lower fourth 
of the ulna; and from a strong aponeurosis which covers the inner third of the 
muscle. The fibres pass outwards and slightly downwards, to be inserted into 
the lower fourth of the outer border and the anterior surface of the shaft of the 
radius. The deeper fibres of the muscle are inserted into the triangular area 
above the sigmoid cavity of the radius—an attachment comparable with the 
ulnar origin of the Supinator brevis from the triangular area below the lesser 
sigmoid cavity of that bone. pan 

Relations.—By its superficial surface, with the Flexor profundus digitorum, 
the Flexor longus pollicis, Flexor. carpi radialis, and the radial vessels. By its 
deep surface, with the radius, ulna, and interosseous membrane. 

Nerves.—All the muscles of the superficial layer are supplied by the median 
nerve, excepting the Flexor carpi ulnaris, which is supplied by the ulnar. The 
Pronator radii teres, the Flexor carpi radialis, and the Palmaris longus derive 
their supply primarily from the sixth cervical; the Flexor sublimis digitorum 
from the seventh and eighth cervical and first dorsal, and the Flexor carpi 
ulnaris from the eighth cervical and first dorsal nerves. Of the deep layer, 
the Flexor profundus digitorum is supplied by the eighth cervical and first 
dorsal through the ulnar and anterior interosseous branch of the median. The 
remaining two muscles, Flexor longus pollicis and P-onator quadratus, are also 
supplied by the eighth cervical and first dorsal through the anterior interosseous 
branch of the median. 

Actions.— These muscles act upon the forearm, the wrist, and hand. The 


* Marshall, Brit. and For. Med.-Chir. Rev. 1853. 
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Pronator radii teres helps to rotate the radius upon the ulna, rendering the hand 
prone; when the radius is fixed, it assists the other muscles in flexing the 
forearm. The Flexor carpi radialis is one of the flexors of the wrist; when 
acting alone, it flexes the wrist, inclining it to the radial side. It can also assist 
in pronating the forearm and hand, and, by continuing its action, in bending the 
elbow. The Flexor carpi ulnaris is one of the flexors of the wrist; when acting 
alone, it flexes the wrist, inclining it to the ulnar side; and by continuing to 
contract, it bends the elbow. The Palmaris longus is a tensor of the palmar 
fascia. It also assists in flexing the wrist and elbow. The Flexor sublimis 
digitorum flexes first the middle, and then the proximal phalanx. It assists in 
flexing the wrist and elbow. The Flexor profundus digitorum is one of the 
flexors of the phalanges. After the Flexor sublimis has bent the second phalanx, 
the Flexor profundus flexes the terminal one; but it cannot do so until after the 
contraction of the superficial muscle. It also assists in flexing the wrist. The 
Flexor longus pollicis is a flexor of the phalanges of the thumb. When the 
thumb is fixed, it also assists in flexing the wrist. The Pronator quadratus 
helps to rotate the radius upon the ulna, rendering the hand prone. 


9. Radial Region (fig. 427) 


Brachio-radialis (Supinator longus). Extensor carpi radialis longior. 
Extensor carpi radialis brevior. 


Dissection.—Divide the integument in the same manner as in the dissection of the 
anterior brachial region; and, after having examined the cutaneous vessels and nerves 
and deep fascia, remove all these structures. The muscles will then be exposed. The 
removal of the fascia will be considerably facilitated by detaching it from below upwards. 
Great care should be taken to avoid cutting across the tendons of the muscles of the 
thumb, which cross obliquely the larger tendons running down the back of the radius, 


The Brachio-radialis (Supinator longus) is the most superficial muscle on the 
radial side of the forearm: it is fleshy for the upper two-thirds of its extent, 
tendinous below. It arises from the upper two-thirds of the external supra- 
condylar ridge of the humerus, and from the external intermuscular septum, 
being limited above by the musculo-spiral groove. The fibres terminate above 
the middle of the forearm in a flat tendon, which is inserted into the outer side 
of the base of the styloid proeess of the radius. 

Relations.— By its superficial surface, with the integument and fascia for the 
greater part of its extent; near its insertion it is crossed by the Extensor ossis 
metacarpi pollicis and the Extensor brevis pollicis. By its deep surface, with 
the humerus, the Extensor carpi radialis longior and brevior, the insertion of 
the Pronator radii teres, and the Supinator brevis. By its inner border, above 
the elbow, with the Brachialis anticus, the musculo-spiral nerve, and radial 
recurrent artery; and in the forearm with the radial vessels and nerve. 

The Extensor carpi radialis longior is placed partly beneath the preceding 
muscle. It arises from the lower third of the external supracondylar ridge 
of the humerus, from the external intermuscular septum, and by a few fibres 
from the common tendon of origin of the Extensor muscles of the forearm. 
The fibres terminate at the upper third of the forearm in a flat tendon, which 
runs along the outer border of the radius, beneath the Extensor tendons of the 
thumb ; it then passes beneath the posterior annular hgament of the wrist, 
where it lies in a groove on the back of the radius common to it and the 
Extensor carpi radialis’ brevior, immediately behind the styloid process, and 
is inserted into the posterior surface of the base of the metacarpal bone of the 
index finger, on its radial side. 

Relations.— By its superficial surface, with the Supinator longus, and fascia 
of the forearm. Its outer side is crossed obliquely by the Extensor tendons 
of the thumb. By its deep surface, with the elbow-joint, the Extensor carpi 
radialis brevior, and back part of the wrist. 

The Extensor carpi radialis brevior is shorter, as its name implies, and 
thicker than the preceding musele, beneath which it is placed. It arises from 
the external epicondyle of the humerus, by a tendon common to it and the 
three following muscles: from the external lateral ligament of the elbow-joint ; 
from a strong aponeurosis which covers its surface; and from the intermuscular 
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septa between it and the adjacent 
muscles. The fibres terminate 
about the middle of the forearm 
in a flat tendon, which is closely 
connected with that of the pre- 
ceding muscle, and accompanies 
it to the wrist; it passes beneath 
the Extensor tendons of the thumb, 
then beneath the annular ligament, 
and, diverging somewhat from its 
fellow, is inserted into the posterior 
surface of the base of the meta- 
carpal bone of the middle finger, 
on its radial side. Under the 
posterior annular ligament of the 
wrist the tendon lies in a shallow 
groove on the back of the radius, 
to the ulnar side of the groove 
which lodges the tendon of the 
Extensor carpi radialis longior, and 
separated from it by an indistinct 
ridge. 

The tendons of the two pre- 
ceding muscles pass through the 
same compartment of the annular 
ligament, and are lubricated by a 
single synovial membrane, 

Relations. — By its superficial 
surface, with the Extensor carpi 
radialis longior, and with the Ex- 
tensor muscles of the thumb which 
cross it. By its deep surface, with 
the Supinator brevis, tendon of the 
Pronator radii teres, radius, and 
wrist-joint. By its ulnar border, 
with the Extensor communis digi- 
torum. 


10, Posterior Radio-ulnar Region 
(fig. 427) 


The muscles in this region are 
divided for purposes of description 
into two groups or layers, super- 
ficial and deep. 


Superficial Layer 


Extensor communis digitorum. 
Extensor minimi digiti. 
Extersor carpi ulnaris. 
Anconeus. 


The Extensor communis digi- 
torum is situated at the back part of 
the forearm.. It arises from the ex- 
ternal epicondyle of the humerus, 
by the common tendon ; from the 
deep fascia, and the intermuscular 
septa between it and the adjacent 
muscles. It divides below into 
four tendons, which pass,. together 
with that of the Extensor indicis, 


Fig. 427.—Posterior surface of the forearm. 
Superficial muscles. 
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through a separate compartment of the annular ligament, lubricated by a 
synovial membrane. The tendons then diverge, and, after passing across the 
back of the hand, are inserted into the second and third phalanges of the 
fingers in the following manner: Opposite the metacarpo-phalangeal articu- 
lation each tendon is bound by fasciculi to the lateral ligaments and serves 
as the posterior ligament; after having passed the joint, it spreads out into a 
broad aponeurosis, which covers the dorsal surface of the first phalanx and is 
reinforced, in this situation, by the tendons of the Interossei and Lumbricales. 
Opposite the first phalangeal joint this aponeurosis divides into three slips, 
a middle and two lateral: the former is inserted into the base of the second 
phalanx; and the two lateral, which are continued onwards along the sides 
of the second phalanx, unite by their contiguous margins, and are inserted into 
the dorsal surface of the last phalanx. As the tendons cross the phalangeal joints, 
they furnish them with posterior ligaments. The tendon to the index finger is 
accompanied by the Extensor indicis, which lies on its inner side. On the back 
of the hand, the three inner tendons—those to the middle, ring, and little fingers— 
are connected by two obliquely placed bands, one from the third tendon passing 
downwards and outwards to the second tendon, and the other passing from the 
same tendon downwards and inwards to the fourth. Occasionally the first 
tendon is connected to the second by a thin transverse band. 

Relations.—By its superficial surface, with the fascia of the forearm and 
hand, the posterior annular ligament, and integument. By its deep surface, with 
the Supinator brevis, the Extensor muscles of the thumb and index finger, the 
posterior interosseous vessels and nerve, the wrist-joint, carpus, metacarpus, 
and phalanges. By its radial border, with the Extensor carpi radialis brevior. 
By its ulnar border, with the Extensor minimi digiti and Extensor carpi ulnaris. 

The Extensor minimi digiti is a slender muscle placed on the inner side of 
the Extensor communis, with which it is generally connected. It arises from the 
common Extensor tendon by a thin, tendinous slip; and from the intermuscular 
septa between it and the adjacent muscles. Its tendon runs through a separate 
compartment in the annular ligament behind the inferior radio-ulnar joint, then 
divides into two as it crosses the hand, and is finally inserted’ into the expansion 
of the Extensor tendon on the dorsum of the first phalanx of the little finger. 

The Extensor carpi ulnaris is the most superficial muscle on the ulnar side 
of the forearm. It arises from the external epicondyle of the humerus, by the 
common tendon ; Dy an aponeurosis from the posterior border of the ulna in 
common with the Flexor carpi ulnaris and the Flexor profundus digitorum ; and 
from the deep fascia of the forearm. This muscle terminates in a tendon, which 
runs through a groove behind the styloid process of the ulna, passing through a 
separate compartment in the annular ligament, and is inserted into the prominent 
tubercle on the ulnar side of the base of the metacarpal bone of the little finger. 

Relations.—By its superficial surface, with the deep fascia of the forearm. 
By its deep surface, with the ulna, and the muscles of the deep layer. 

The Anconeus is a small, triangular muscle, placed behind and below the 
elbow-joint, and appears to be a continuation of the external portion of the 
Triceps. It arises by a separate tendon from the back part of the external epi- 
condyle of the humerus, and is inserted into the side of the olecranon, and upper 
fourth of the posterior surface of the shaft of the ulna; its fibres diverge from 
their Pe the upper ones being directed transversely, the lower obliquely 
inwards. 

Relations.—By its superficial surface, with a strong fascia derived from the 
Triceps. By its deep surface, with the elbow-joint, the orbicular ligament, the 
ulna, a small portion of the Supinator brevis, and the posterior interosseous 
recurrent artery. | 


Deep Layer (fig. 429) 


Supinator brevis. E Extensor brevis pollicis. 
Extensor ossis metacarpi pollicis. Extensor longus pollicis. 
Extensor indicis. 


The Supinator brevis (fig. 428) is a broad muscle, of a hollow cylindrical 
form, curved round the upper third of the radius. It consists of two distinct 
planes of muscular fibres, between which lies the posterior interosseous nerve. 
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The two planes arise in common : the superficial one by tendinous, and the 
deeper by muscular fibres from the external epicondyle of the humerus; from 
the external lateral ligament of the elbow-joint, and the orbicular ligament of 
the radius; from the ridge on the ulna, which runs obliquely downwards from 
the posterior extremity of the lesser sigmoid cavity; from the triangular depres- 
sion below that cavity; and from a tendinous expansion which covers the surface 
of the muscle. The superficial fibres surround the upper part of the radius, 
and are inserted into the outer edge of the bicipital tuberosity and to the oblique 
line of the radius, as low down as the insertion of the Pronator radii teres. The 
upper fibres of the deeper plane form a sling-like fasciculus, which encircles the 
neck of the radius above the 
tuberosity and is attached to the Fie. 428.—Supinator brevis. (From a preparation 
back part of its inner surface: in the Museur of the Royal College of Surgeons 
the greater part of this portion of England.) | 
of the muscle is inserted into 
the posterior and external surface 
of the shaft, midway between 
the oblique line and the head of — Tnternal 
the bone. Between the insertion condyle 
of the two planes, the posterior 
interosseous herve passes to the 
back of the forearm. 

Relations.—By its superficial a 
surface, with the superficial Ex- — Coronoid = 
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tensors and the Brachio-radialis, process Cae 
and the radial vessels and nerve. Head: of 
By its deep surface, with the radius 
elbow - joint, the interosseous — mendon of 


membrane, and the radius. Biceps 

The Extensor ossis metacarpi 
pollicis is the most external and 
the largest of the deep Extensor 
muscles; it hes immediately 
below the Supinator brevis, with 
which it is sometimes united. 
ft arises from the outer part of 
the posterior surface of the shaft 
of the ulna below the insertion 
of the Anconeus, from the inter- 
osseous membrane, and from the i: 
middle third of the posterior sur- | My 
face of the shaft of the radius. oe 
Passing obliquely downwards 
and outwards, it terminates in a 
tendon, which runs through a 
groove on the outer side of the 
lower end of the radius, accom- 
panied by the tendon of the 
Extensor brevis pollicis, and is 
inserted into the outer side of the base of the metacarpal bone of the thumb. Jt 
occasionally gives off two slips, near its insertion: one to the Trapezium, and 
the other to blend with the origin of the Abductor pollicis. 

Relations.—By its superficial surface, with the !:xtensor communis digitorum, 
Extensor minimi digiti, and fascia of the forearm ; and with the branches of the 
posterior interosseous artery and nerve which cross it. By its deep surface, with 
the ulna, interosseous membrane, radius, the tendons of the Extensor carpi 
radialis longior and brevior, which it crosses obliquely ; and, at the outer side of 
the wrist, with the radial vessels. By its wpper border, with the Supinator 
brevis. By its lower border, with the Extensor brevis pollicis. < 

The Extensor brevis pollicis (Extensor primi mternodi pollicis), the smallest 
musele of this group, lies on the inner side of the preceding It arises from the 
posterior surface of the shaft of the radius, below the Extensor ossis metacarpi 
pollicis and frorn the interosseous membrane. Its direction is similar to tbat of 
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the Extensor ossis metacarpi pollicis, its tendon passing through the same groove 
on the outer side of the lower end of the radius, to be inserted into the base of 


Fic. 429.—Posterior surface of the forearm. 
Deep muscles. 
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communis which belongs to the index finger, 
corresponding metacarpal bone. 


the first phalanx of the thumb. 
It is closely connected with the 
Extensor ossis metacarpi pollicis, 
of which it is usually regarded 
as a segmentation. 

Relations, — The same as 
those of the Extensor ossis 
metacarpi pollicis. 

The Extensor longus pollicis 
(Extensor secundi internodti pol- 
licis) is much larger than the 
preceding muscle, the origin of 
which it partly covers. It arises 
from the outer part of the pos- 
terior surface of the middle third 
of the shaft of the ulna, below 
the origin of the Extensor ossis 
metacarpi pollicis, and from the 
interosseous membrane. It 
terminates in a tendon, which 
passes through a separate com- 
partment in the annular liga- 
ment, lying in a narrow, oblique 
groove at the back part of the 
lower end of the radius. It then 
crosses obliquely the tendons 
of the Extensor carpi radialis 
longior and brevior, being sepa- 
rated from the other Extensor 
tendons of the thumb by a tri- 
angular interval, in which the 
radial artery is found; and is 
finally inserted into the base of 
the last phalanx of the thumb. 

Relations.—By its superficial 
surface, with the same parts as 
the Extensor ossis metacarpi 
pollicis. By its deep surface, 
with the ulna, interosseous mem- 
brane, the posterior interosseous 
nerve, radius, the wrist, the radial 
vessels, and metacarpal bone of 
the thumb. 

The Extensor indicis is a 
narrow, elongated muscle, placed 
on the inner side of, and parallel 
with, the preceding. It arises 
from the posterior surface of 
the shaft of the ulna, below the 
origin of the Extensor longus 
pollicis and from the interosseous 
membrane. Its tendon passes 
under the annular ligament in 
the same compartment as that 
which transmits the Extensor 
communis digitorum, and subse- 
quently joins the ulnar side of 
the tendon of the Extensor 
opposite the lower end of the 


Relations.—The relations are similar to those of the preceding muscles. 
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Nerves.—The Brachio-radialis is supplied by the fifth and sixth, the Extensor 
carpi radialis longior and brevior by the sixth and seventh, and the Anconeus by 
the seventh and eighth cervical nerves, all through the musculo-spiral nerve ; the 
remaining muscles are enervated through the posterior interosseous nerve, the 
Supinator brevis being supplied by the sixth cervical, and all the other muscles 
by the seventh cervical. 

Actions.—The muscles of the radial and posterior aspects of the forearm, which 
comprise all the Extensor and Supinator muscles, act upon the forearm, wrist, 
and hand ; they are the direct antagonists of the Pronator and Flexor muscles. 
The Anconeus assists the Triceps in extending the forearm. The chief action of 
the Brachio-radialis is that of a flexor of the elbow-joint, but in addition to this 
it may act both as a supinator and as a pronator: that is to say, if the forearm is 
forcibly pronated, it will act as a supinator, and bring the bones into a position 
midway between supination and pronation ; and, vice versd, if the arm is forcibly 
supinated, it will act as a pronator, and bring the bones into the same position, 
midway between supination and pronation. The action of the muscle is there- 
fore to throw the forearm and hand into the position they naturally occupy 
when placed across the chest. The Supinator brevis is a supinator : that is to 
say, when the radius has been carried across the ulna in pronation, and the 
back of the hand is directed forwards, this muscle carries the radius back again 
to its normal position on the outer side of the ulna, and the palm of the hand is 
again directed forwards. The Extensor carpi radialis longior extends the wrist 
and abducts the hand. It may also assist in bending the elbow-joint; at all 
events it serves to fix or steady this articulation. The Extensor carpi radialis 
brevior assists the Extensor carpi radialis longior in extending the wrist, and 
may also act slightly as an abductor of the hand. The Extensor carpi ulnaris 
helps to extend the hand, but when acting alone inclines it towards the ulnar 
side: by its continued action it extends the elbow-joint. The Extensor com- 
munis digitorum extends the phalanges, then the wrist, and finally the elbow. 
It acts principally on the proximal phalanges, the middle and terminal phalanges 
being acted upon mainly by the Interossei and Lumbricales. It has also a 
tendency to separate the fingers as it extends them. The Extensor minimi 
digiti extends the little finger, and by its continued action assists in extending 
the wrist. It is owing to this muscle that the little finger can be extended or 
pointed while the others are fiexed. The chief action of the Extensor ossis 
metacarpi pollicis is to carry the thumb outwards and backwards from the palm 
of the hand, and hence it has been called the Abductor pollicis longus. By its 
continued action it helps to extend and abduct the wrist. The Extensor brevis 
pollicis extends the proximal phalanx of the thumb. By its continued action it 
helps to extend and abduct the wrist. The Extensor longus pollicis extends the 
terminal phalanx of the thumb. By its continued action it helps to extend and 
abduct the wrist. The Extensor indicis extends the index finger, and by its 
continued action assists in extending the wrist. It is owing to this muscle that 
the index finger can be extended or pointed while the others are flexed. 


Surgical Anatomy.—The tendons of the Extensor muscles of the thumb are liable to 
become strained, and their sheaths inflamed, after excessive exercise, producing a sausage- 
shaped swelling along the course of the tendons and giving a peculiar creaking sensation 
to the finger when the muscles act. In consequence of its often being caused by such 
movements as wringing clothes, it is known as ‘ washerwoman’s sprain.’ 


IV. Muscuses AND FAsSCIÆ oF THE HAND 


The Muscles of the Hand are subdivided into three groups: x. Those of the 
thumb, which occupy the radial side and produce the thenar eminence; 2. Those 
of the little finger, which occupy the ulnar side and give rise to the hypothenar 
eminence; 3. Those in the middle of the palm and within the interosseous 
spaces. 

Dissection (fig. 420).—Make a transverse incision across the front of the wrist, and a 
second across the heads of the metacarpal bones: connect the two by a vertical incision 


in the middle line, and continue it through the centre of the middle finger. The anterior 
and posterior annular ligaments, and the palmar fascia, should then be dissected. 
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The Anterior Annular Ligament is a strong, fibrous band, which arches over 
the carpus, converting the deep groove on the front of the carpal bones into a 
canal, beneath which pass the Flexor tendons of the digits. It is attached, 
internally, to the pisiform bone and the hook of the unciform bone ; and exter- 
nally, to the tuberosity of the scaphoid, and to the inner part of the anterior 
surface and the ridge on the trapezium. It is continuous, above, with the deep 
fascia of the forearm, of which it may be regarded as a thickened portion ; and 


Fic. 430.—Transverse section through the wrist, 
showing the annular ligaments and the canals for the passage of the tendons. 
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below, with the palmar fascia. It is crossed by the ulnar vessels and nerve, 
and the cutaneous branches of the median and ulnar nerves. At its outer 
extremity is the tendon of the Flexor carpi radialis, which lies in the groove on 
the trapezium between the attachments of the annular ligament to the bone. 
It has inserted into its anterior surface a part of the tendon of the Palmaris 
longus and part of the tendon of the Flexor carpi ulnaris, and has arising from 


Vie. 431.—Transverse section through the carpus, 
showing the relative positions of the tendons, vessels, and nerves. (Henle.) 
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it, below, the small muscles of the thumb and little inger. Beneath it pass the 
tendons of the Flexor sublimis and profundus digitorum, the tendon of the 
Flexor longus pollicis, and the median nerve. 

The Synovial Membranes of the Flexor Tendons at the Wrist.—There are two 
synovial membranes which enclose all the tendons as they pass beneath this 
ligament, one for the Flexor sublimis and profundus digitorum, the other for the 
Flexor longus pollicis. They extend up into the forearm for about an inch above 
the annular ligament, and occasionally communicate with each other under the 
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ligament. The sheath which surrounds the Flexor tendons of the fingers extends 
downwards about halfway along the metacarpal bones, where it terminates in 
blind diverticula around the tendons to the index, middle, and ring fingers. In 
the case of the little finger, it is prolonged on its tendons, and usually communi- 
cates with the synovial sheath of that digit. The sheath which envelops the 
tendon of the Flexor longus pollicis is continued along the thumb as far as the 
insertion of the tendon. 

The Posterior Annular Ligament is a strong, fibrous band, extending obliquely 
downwards and inwards across the back of the wrist, and consisting of the deep 
fascia of the back of the forearm, strengthened by the addition of some transverse 
buga It poes down the Extensor 
tendons in their passage to the Fra, 432.-Diagram showing the arrangement 
fingers, being attached, internally, to of the synovial sheaths of the bese and 
the styloid process of the ulna, the fingers. 
cuneiform and pisiform bones; ex- 
ternally, to the outer. margin of the 
radius ; and, in its passage across 
the wrist, to the elevated ridges on 
the posterior surface of the radius. 
Between it and the bones are formed 
six compartments for the passage of 
tendons, each of which is lined by a 
separate synovial membrane. These 
are, from without inwards: r. On the 
outer side of the styloid process, for 
the tendons of the Extensor ossis 
metacarpi and Extensor brevis pol- 
licis. 2. Behind the styloid process, 
for the tendons of the Extensor carpi 
radialis longior and brevior. 3.-About 
the middle of the posterior surface 
of the radius, for the tendon of the 
Extensor longus pollicis. 4. To the 
inner side of the latter, for the tendons 
of the Extensor communis digitorum 
and Extensor indicis. 5. Opposite 
the interval between the radius and 
ulna, for the Extensor minimi digiti. 
6. Grooving the back of the ulna, for 
the tendon of the Extensor carpi 
ulnaris. The synovial membranes lining these sheaths are usually very extensive, 
reaching from above the annular ligament, down upon the tendons for a variable 
distance on the back of the hand. 

The deep palmar fascia (fig. 433) forms a common sheath which invests the 
muscles of the hand. It consists of a central and two lateral portions. 

The central portion occupies the middle of the palm, is triangular in shape, 
of great strength and thickness, and binds down the tendons and protects the 
vessels and nerves in this situation. It is narrow above, where it is attached to 
the lower margin of the annular ligament, and receives the expanded tendon of 
the Palmaris longus muscle. Below, it is broad and expanded, and divides into 
four slips, one for each finger. Each slip gives off superficial fibres, which are 
inserted into the skin of the palm and finger, those to the palm joining the 
skin at the furrow corresponding to the metacarpo-phalangeal articulation, and 
those to the fingers passing into the skin at the transverse fold at the base of the 
fingers. The deeper part of each slip subdivides into two processes, which are 
inserted into the fibrous sheaths which confine the Flexor tendons. From the 
sides of these processes, offsets are sent backwards, to be attached to the transverse 
metacarpal ligament. By this arrangement short channels are formed on the 
front of the lower ends of the metacarpal bones, through which the Flexor tendons 
pass. Between the two processes into which each slip divides is attached the 
digital sheath. The intervals left in the fascia, between the four fibrous slips, 
transmit the digital vessels and nerves, and the tendons of the Lumbricales. 
At the points of division of the palmar fascia into the slips above mentioned, 
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numerous strong, transverse fibres bind the separate processes together and form 
the superficial transverse metacarpal ligament. The palmar fascia 1s intimately 
adhefént to the integument by dense fibro-areolar tissue forming the superficial 
palmar fascia, and gives origin by its inner margin to the Palmaris brevis; it 
covers the superficial palmar arch, the tendons of the Flexor muscles, and the 
branches of the median and ulnar nerves; and on each side it gives off a vertical 
septum, which is continuous with the interosseous aponeurosis, and separates the 
lateral from the middle palmar group of muscles. 


Fig. 433.— Palmar fascia. 
(From a preparation in the Museum of the Royal College of Surgeons of England.) 
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The lateral portions of the palmar fascia are thin, fibrous layers, which cover, 
on the radial side, the muscles of the ball of the thumb, and, on the ulnar side, 
the muscles of the little finger: they are continuous with the dorsal fascia, and in 
the palm with the central portion of the palmar fascia. 

The Superficial Transverse Ligament of the Fingers is a thin, fibrous band, 
which stretches across the roots of the four fingers, and is closely attached to the 
skin of the clefts, and internally to the fifth metacarpal bone, forming a sort of 
rudimentary web. Beneath it the digital vessels and nerves pass onwards to 
their destination. 


Surgical Anatomy.—The palmar fascia is liable to undergo contraction, producing a 
very inconvenient deformity, known as ‘ Dupuytren’s contraction.’ The ring and little 
fingers are most frequently implicated, but the middle, the index, and the thumb may be 
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involved. The proximal phalanx is drawn down and cannot be straightened, and the two 
distal phalanges become similarly flexed as the disease advances, 

Owing to their constant exposure to injury and septic influences, the fingers are very 
hable to become the seat of serious inflammatory mischief. To this inflammation the 
term paronychia is given, and this affection may assume various degrees of severity. 
In the mildest cases the disease is confined to the superficial layer of the skin, and 
suppuration takes place beneath it. Thisis known as subcuticular paronychia, and is a 
comparatively simple condition, and an incision through the epidermis will at once relieve 
it. The only complication is that the pus may burrow under the nail, causing increased 
pain. A more severe condition is the paronychia cellulosa, in which the pulp of the end 
of the finger is involved. This is attended with intense throbbing pain, owing to the fact 
that the inflamed area is covered by thick and often horny epithelium, when the disease 
occurs in the labouring classes, as it so frequently does. In these cases, unless a timely 
incision is made, the inflammation is liable to involve the periosteum covering the phalanx. 
as there is least resistance in'this direction; and subperiosteal paronychia is set up, which 
is followed by necrosis of a part or the whole of the ungual phalanx. In other cases, the 
inflammation may involve the theca of the Flexor tendons, and a thecal paronychia may 
be set up. The inflammation then rapidly spreads up the sheath: but the extent will 
depend upon the particular digit involved. From the description of the Flexor sheaths 
given above (page 527), it will be evident that inflammation of the sheath of the thumb 
and little finger may prove a far more formidable affection than that of the other three 
digits, because the sheaths of these two digits communicate with the large'synovial sheaths 
which surround the Flexor tendons, and the inflammation may extend into the palm of 
the hand and beneath the annular ligament into the forearm. 

In order to relieve these conditions, free and early incisions are necessary, and must 
be made with discrimination, in order to avoid wounding important structures. In the 
pulp of the finger—i.e. over the distal phalanx—the incision should be made in the middle 
line and down to the bone. In the rest of the finger, the incision should be made in the 
middle line over the phalanges, and not over the interphalangeal joints. In the palm of 
the hand, incisions may be made either on the distal or protidja side of the superficial 
palmar arch. On the distal sides, the incisions should be made over the metacarpal bones, 
preferably those of the index and middle finger. On the proximal side, the safest line of 
incision is along the radial side of the hypothenar eminence, between the ulnar artery and 
nerve internally, and the median nerve externally. When suppuration has extended under 
the annular ligament, and incisions are required in the forearm, the positions in which 
they should be made are over the tendons of the Flexor sublimis digitorum, between the 
median nerve and the ulnar artery, and over the tendon of the Flexor longus pollicis, 
between the radial artery and the tendon of the Flexor carpi radialis muscle. 

Chronic inflammation of the Flexor tendons of the fingers, probably tuberculous, is 
occasionally met with, constituting a disease known as ‘compound palmar ganglion: ’ 
it presents an hourglass outline, with a swelling in front of the wrist and in the palm of 
the hand, and a constriction, corresponding to the annular ligament, between the two. 
The fluid can be forced from the one swelling to the other under the ligament, and when 
this is done, a crackling sensation is sometimes perceived, from the presence of ‘melon- 
seed’ bodies in the interior of the ganglion. 


11, Radial Region (figs. 434, 435) 


Abductor pollicis. Flexor brevis pollicis. 
Opponens pollicis. Adduetor obliquus pollicis. 
Adductor transversus pollicis. 


The Abductor pollicis is a thin, flat muscle, placed immediately beneath the 
integument. It arises from the annular ligament, the tuberosity of the scaphoid, 
and the ridge of the trapezium, frequently by two distinct slips; and, passing 
outwards and downwards, is inserted by a thin, flat tendon into the radial side 
of the base of the first phalanx of the thumb and the capsule of the metacarpo- 
phalangeal articulation. ion. 

Relations.—By its superficial surface, with the palmar fascia and superficialis 
vole artery, which frequently perforates it. By its deep surface, with the Opponens 
pollicis, from which it is separated by a thin aponeurosis. Between its inner 
border and the Flexor brevis pollicis is a narrow cellular interval. 

The Opponens pollicis is a small, triangular muscle, placed beneath the 
preceding. It arises from the palmar surface of the ridge on the trapezium and 
from the annular ligament, passes downwards and outwards, and is inserted into 
the whole length of the metacarpal bone of the thumb on its radial side. 

Relations,-—By its superficial surface, with the Abductor and. Flexor brevis 
pollicis. By its deep surface, with the trapezio-metacarpal articulation. By its 
inner border, with the Adductor obliquus pollicis. k 
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The Flexor brevis pollicis consists of two portions, outer and inner. The 
outer and more superficial portion arises from the outer two-thirds of the lower 
border of the annular ligament and the lower part of the ridge on the trapezium ; 
it passes along the outer side of the tendon of the Flexor longus pollicis, and, 
becoming tendinous, has a sesamoid bone developed in its tendon, and is inserted 
into the outer side of the base of the first phalanx of the thumb. The inner and 
deeper portion of the muscle is very small, and arises from the ulnar side of the 
first metacarpal bone between the Adductor obliquus pollicis and the outer head 
of the First dorsal interosseous, and is inserted into the inner side of the base of 
the first phalanx with the Adductor obliquus pollicis. 

Relations.—By its superficial surface, with the palmar fascia. By its deep 
surface, with the tendon of the Flexor longus pollicis. By its external surface, 
with the Opponens pollicis. Behind, with the Adductor obliquus pollicis. 

The Adductor obliquus pollicis arises by several slips from the os magnum, 
the bases of the second and third metacarpal bones, the anterior carpal ligaments, 


Fic. 434.—-Muscles of the thumb. 
(From a preparation in the Museum of the Royal College of Surgeons of England.) 
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and the sheath of the tendon of the Flexor carpi radialis. From this origin the 
greater number of fibres pass obliquely downwards and converge to a tendon 
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group of muscles. It is of a triangular form, arising by its broad base from th 
lower two-thirds of the metacarpal bone of the middle finger on its palm s 
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part of the Flexor brevis pollicis, and the Adductor obliquus pollicis, into the 
ulnar side of the base of the first phalanx of the thumb. 

Relations.—By its superficial surface, with the Adductor obliquus pollicis, the 
tendons of the Flexor profundus, and the Lumbricales. Its deep surface covers 
the first two interosseous spaces, from which it is separated by a strong 
aponeurosis. 

Nerves.—The Abductor, Opponens, and outer head of the Flexor brevis 
pollicis are supplied by the sixth cervical through the median nerve; the inner 
head of the Flexor brevis, and the Adductors, by the eighth cervical through the 
ulnar nerve. 

Actions—The actions of the muscles of the thumb are almost sufficiently 
indicated by their names. This segment of the hand is provided with three 
extensors—an extensor of the metacarpal bone, an extensor of the first, and an 
extensor of the second phalanx ; these occupy the dorsal surface of the forearm 
and hand. There are also three flexors on the palmar surface—a flexor of the 
metacarpal bone, a flexor of the proximal, and a flexor of the terminal phalanx ; 
there is also an abductor and two adductors. The Abductor pollicis moves the 
metacarpal bone of the thumb outwards: that is, away from the index finger. 
The Opponens pollicis flexes the metacarpal bone: that is, draws it inwards over 
the palm, and at the same time rotates the bone, so as to turn the ball of the 
thumb towards the fingers, thus producing the movement of opposition. The 
Flexor brevis pollicis flexes and adducts the proximal phalanx of the thumb. 
The Adducetores pollicis move the metacarpal bone of the thumb inwards: that is, 
towards the index finger. These muscles give to the thumb its extensive range 
of motion. It will be noticed, however, that in consequence of the position of 
the first metacarpal bone, these movements differ from the corresponding move- 
ments of the metacarpal bones of the other fingers. Thus extension of the 
thumb more nearly corresponds to the motion of abduction in the other fingers, 
and flexion to adduction. | 


12. Ulnar Region (fig. 435) 


Palmaris brevis. Flexor brevis minimi digiti. 
Abductor minimi digiti. Opponens minimi digiti. 


The Palmaris brevis is a thin quadrilateral muscle, placed beneath the 
integument on the ulnar side of the hand. It arises, by tendinous fasciculi, 
from the annular ligament and palmar fascia ; the fleshy fibres pass inwards, to 
be inserted into the skin on the inner border of the palm of the hand. 

Relations—By its superficial surface, with the integument, to which it is 
intimately adherent, especially by its inner border. By its deep surface, with 
the inner portion of the palmar fascia, which separates it from the ulnar vessels 
and nerve, and from the muscles of the ulnar side of the hand. 

The Abductor minimi digiti is situated on the ulnar border of the palm of 
the hand. Tt arises from the pisiform bone and from the tendon of the Flexor 
carpi ulnaris, and terminates in a flat tendon, which divides into two slips ; 
one is inserted into the ulnar side of the base of the first phalanx of the little 
finger. The other slip is inserted into the ulnar border of the aponeurosis of 
the Extensor minimi digiti. 

Relations.—By its superficial surface, with the inner portion of the palmar 
fascia, and the Palmaris brevis. By its deep surface, with the Opponens minimi 
digiti. By its outer border, with the Flexor brevis minimi digiti. 

The Flexor brevis minimi digiti lies on the same plane as the preceding 
muscle, on its radial side. It arises from the convex aspect of the hook of the 
unciform bone, and anterior surface of the annular ligament, and is inserted 
into the inner side of the base of the first phalanx of the little finger. It is 
separated from the Abductor at its origin, by the deep branches of the ulnar 
artery and nerve. ‘This muscle is sometimes wanting; the Abductor is then, 
ri , of large size. 

Relitions:.- By its superficial surface, with the internal portion of the palmar 
fascia, and the Palmaris brevis. By its deep surface, with the Opponens. The 
deep branch of the ulnar artery and the corresponding branch of the ulnar nerve 
pass between the Abductor and Flexor brevis minimi digiti muscles. 

M M 2 
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of a triangular form, and placed 


The Opponens minimi digiti (fig. 426) is 
It arises from the convexity of 


immediately beneath the preceding muscles. 
the hook of the unciform bone, and contiguous portion of the annular ligament ; 
its fibres pass downwards and inwards, to be inserted into the whole length 


of the metacarpal bone of the little finger, along its ulnar margin. 


Fic. 435.—Muscles of the left hand. Palmar surface. 
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Actions.—The Abductor minimi digiti abducts the little finger from the 
ring finger. It corresponds to a dorsal interosseous muscle. It also assists in 
flexing the proximal phalanx. The Flexor brevis minimi digiti abducts the 
little finger from the middle line of the hand. It also assists in flexing the 
proximal phalanx. The Opponens minimi digiti draws forwards the fifth 
metacarpal bone, so as to deepen the hollow of the palm. The Palmaris 
brevis corrugates the skin on the inner side of the palm of the hand. 


13. Middle Palmar Region 


Lumbricales. Interossei dorsales. 
Interossei palmares. 


The Lumbricales (fig. 435) are four small fleshy fasciculi, accessories to the 
Flexor profundus digitorum muscle. They arise from the tendons of the deep 
Flexor: the first and second, from the radial side and palmar surface of the 
tendons of the index and middle fingers respectively ; the third, from the 
contiguous sides of the tendons of the middle and ring ‘fingers; and the fourth, 


Fie. 436.—The Dorsal interossei Fic. 437.—The Palmar interossei 
of left hand. of left hand. 





from the contiguous sides of the tendons of the ring and little fingers. They 
pass to the radial side of the corresponding fingers, and opposite the metacarpo- 
phalangeal articulation each tendon is inserted into the tendinous expansion 
of the Extensor communis digitorum, covering the dorsal aspect of each finger. 

The Interossei muscles (figs. 436, 437) are so named from occupying the 
intervals between the metacarpal bones, and are divided into two sets, a dorsal 
and palmar. 

The Dorsal interossei are four in number, larger than the palmar, and occupy 
the intervals between the metacarpal bones. They are bipenniform muscles, 
arising by two heads from the adjacent sides of the metacarpal bones, but more 
extensively from the metacarpal bone of the finger into which the muscle is 
inserted. They are inserted into the bases of the first phalanges and into the 
apoheurosis of the common Extensor tendon. Between the double origin of 
each of thése muscles is a narrow triangular interval, through the first of which 
the radial artery passes ; through each of the other three a perforating branch 
from the deep palmar arch is transmitted. "E 

The First dorsal interosseous muscle, or Abductor indicis, is larger than the 
others. It is flat, triangular in form, and arises by two heads, separated by a 
fibrous arch, for the passage of the radial artery from the dorsum to the palm of 
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the hand, The outer head arises from the upper half of the ulnar border of the 
first metacarpal bone ; the inner head, from almost the entire length of the radial 
border of the second metacarpal bone; the tendon is inserted into the radial side 
of the index finger. The second and third dorsal interosset are inserted into the 
middle finger, the former into its radial, the latter into its ulnar side. The fourth 
is inserted into the ulnar side of the ring finger. 

The Palmar interossei, three in number, are smaller than the Dorsal, and 
placed upon the palmar surface of the metacarpal bones, rather than between 
them. They arise from the entire length of the metacarpal bone of one finger, 
and are inserted into the side of the base of the first phalanx and aponeurotic 
expansion of the common Extensor tendon of the same finger. 

The first arises from the ulnar side of the second metacarpal bone, and is 
inserted into the same side of the first phalanx of the index finger. The second 
arises from the radial side of the fourth peice bone, and is inserted into the 
same side of the ring finger. The third arises from the radial side of the fifth 
metacarpal bone, and is inserted into the same side of the little finger. From 
this account it may be seen that each finger is provided with two Interossel 
muscles, with the exception of the little finger, in which the Abductor muscle 
takes the place of one of the pair. l 

Nerves.—The two outer Lumbricales are supplied by the sixth cervical 
nerve, through the third and fourth digital branches of the median nerve: the 
two inner Lumbricales and all the Interossei are supplied by the eighth cervical 
nerve, through the deep palmar branch of the ulnar nerve. Brooks states that the 
third lumbrical received a twig from the median in twelve out of twenty-one cases. 

Actions.—The Palmar interossei muscles adduct the fingers to an imaginary 
line drawn longitudinally through the centre of the:middle finger; and the 
Dorsal interossei abduct the fingers from that line. In addition to this the 
Interossei, in conjunction with the Lumbricales, flex the first phalanges at the 
metacarpo-phalangeal joints, and extend the second and third phalanges in 
consequence of their insertion into the expansion of the Extensor tendons. The 
Extensor communis digitorum is believed to act almost entirely on the first 
phalanges. 


Surface Form.—The Pectoralts major largely influences surface form and con- 
ceals a considerable part of the thoracic wall in front. Its sternal origin presents 
a festooned border, which bounds and determines the width of the sternal furrow 
Its clavicular origin is somewhat depressed and flattened, and between the two portions 
of the muscle is often an oblique depression, which differentiates the one from the other. 
The outer margin of the muscle is generally well marked above, and bounds the infra- 
clavicular fossa, a triangular interval which separates the Pectoralis major from the 
Deltoid. It gradually becomes less marked as it approaches the tendon of insertion, 
and is more closely blended with the Deltoid muscle. The lower border of the Pectoralis 
major forms the rounded anterior axillary fold, and corresponds with the direction of 
the fifth rib. The Pectorahs minor influences surface form. When'the arm is raised, 
its lowest slip of origin produces a local fulness just below the border of the anterior 
fold of the axilla, and so serves to break the sharp line of the lower border of the 
Pectoralis major muscle which is produced when the arm is in this position. The 
origin of the Serratus magnus causes a very characteristic surface marking. When 
the arm is raised from the side, in a well-developed subject, the five or six lower serra- 
tions are plainly discernible, forming a zigzag line, caused by the series of digitations, 
which diminish in size from above downwards, and have their apices arranged in the 
form of a curve. When the arm is lying by the side, the first serration to appear, 
at the lower margin of the Pectoralis major, is the one attached to the fifth rib. The 
Deltoid, with the prominence of the upper extremity of the humerus, produces the 
rounded outline of the shoulder. It is rounder and fuller in front than behind, where 
it presents a somewhat flattened form. Above, its anterior border presents a rounded, 
slightly curved eminence, which bounds externally the infraclavicular fossa; below, it is 
closely united with the Pectoralis major. Its posterior border is thin, flattened, and 
scarcely marked above ; below, it is thicker and more prominent. When the muscle is in 
action, the middle portion becomes irregular, presenting alternate longitudinal elevations 
and depressions: the elevations corresponding to the fleshy portions; the depressions, to 
the tendinous intersections of the muscle. The insertion of the Deltoid is marked by & 
depression on the outer side of the middle of the arm. Of the scapular muscles, the only 
one which materially influences surface form is the Teres major, which adits the 
Latissimus dorsi in forming the thick, rounded, posterior fold of the axilla. When the 
arm is raised, the Coraco-brachialis reveals itself as a long, narrow elevation, which 
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emerges from under cover of the anterior fold of the axilla and runs downwards, internal 
to the shaft of the humerus. When the arm is hanging by the side, its front and inner 
part presents the prominence of the Biceps, bounded on either side by an intermuscular 
depression. This muscle determines the contour of the front of the arm, and extends from 
the anterior margin of the axilla to the bend of the elbow. Its upper tendons are concealed 
by the Pectoralis major and the Deltoid, and its lower tendon sinks into the space at the 
bend of the elbow. When the muscle is in a state of complete contraction—that is to say, 
when the forearm has been flexed and supinated—it presents a rounded convex form, 
bulged out laterally, and its length is diminished. On each side of the Biceps, at the 
lower part of the arm, the Brachialis anticus is discernible. On the outer side it 
forms a narrow eminence, which extends some distance up the arin along the border of 
the Biceps. On the inner side it shows itself only as a little fulness just above the elbow. 
On the back of the arm the long head of the Triceps may be seen as a longitudinal 
eminence emerging from under cover of the Deltoid, and gradually merging into the 
longitudinal flattened plane of the tendon of the muscle on the lower part of the back of 
the arm. The tendon of insertion of the muscle extends about halfway up the back of the 
arm, where it forms an elongated fattened plane when the muscle is in action. Under 
similar conditions the surface forms produced by the three heads of the muscle are well 
seen. On the anterior aspect of the elbow are to be seen two muscular elevations, one 
on each side, separated above, and converging below so as to form a triangular space. Of 
these, the inner elevation, consisting of the flexors and pronator, forms the prominence 
along the inner side and front of the forearm. It is a fusiform mass, pointed above at the 
internal condyle, and gradually tapering off below. The Pronator radii teres, the inner- 
most muscle of the group, forms the boundary of the triangular space at the bend of the 
elbow. Itis shorter, less prominent, and more oblique than the outer boundary. The most 
prominent part of the eminence is produced by the Flexor carpi radialis, the muscle next 
in order on the inner side of the preceding one. It forms a rounded prominence above, 
and may be traced downwards to its tendon, which can be felt lying on the front of the 
wrist, nearer to the radial than to the ulnar border and to the inner side of the radial 
artery. The Palmaris longus presents no surface marking above, but, below, is the most 
prominent tendon on the front of the wrist, standing out, when the muscle is in action, as 
a sharp tense cord beneath the skin. The Flexor sublimis digitorum does not directly 
influence surface form. The position of its four tendons on the front of the lower part of 
the forearm is indicated by an elongated depression between the tendons of the Pahmaris 
longus and the Flexor carpi ulnaris. The Flexor carpi ulnaris occupies a small part of 
the posterior surface of the forearm, and is separated from the extensor and supinator 
group, which occupies the greater part of this surface, by the ulnar furrow, produced by 
the subcutaneous posterior border of the ulna. Its tendon can be perceived along the 
ulnar border of the front of the forearm, and is most marked when the hand is flexed and 
adducted. The deep muscles of the front of the forearm have no direct influence on 
surface form. The external group of muscles of the forearm, consisting of the extensors 
and supinators, occupy the outer, and a considerable portion of the posterior, surface of 
this region. It has a fusiform outline, which is altogether on a higher level than the 
pronato-flexor group. Its apex emerges from betweon the Triceps and Brachialis anticus 
muscles some distance above the elbow-joint, and acquires its greatest breadth opposite 
the external condyle, and thence gradually shades off into a flattened surface. About the 
middle of the forearm it divides into two longitudinal eminences which diverge from each 
other, leaving a triangular interval between them. The outer of these two groups of 
muscles consists of the Supinator longus and the Extensor carpi radialis longior and 
brevior, which forms a longitudinal eminence descending from the external condylar 
ridge in the direction of the styloid process of the radius. The other and more posterior 
group consists of the Extensor communis digitorum, the Extensor minimi digiti, and the 
Extensor carpi ulnaris. It commences above as a tapering form at the external condyle 
of the humerus, and is separated behind at its upper part from the Anconeus by a well- 
marked furrow; and below, from the pronato-fiexor mass, by the ulnar furrow. In the 
triangular interval left between these two groups, the Extensor muscles of the thumb 
and index finger are seen. The only two muscles of this region which require special 
mention, as independently influencing surface form, are the Supinator longus and the 
Anconeus. The inner border of the Supinator longus forms the outer boundary of the 
triangular space at the bend of the elbow. It commences as a rounded border above 
the condyle, and is longer, less oblique, and more prominent than the inner boundary. 
Lower down, the muscle forms a full fleshy mass on the outer side of the upper part of 
the forearm, and below tapers into a tendon, which may be traced down to the styloid 
process of the radius. The Anconeus presents a distinct and characteristic surface 
form in the shape of a triangular, slightly elevated surface, immediately external to 
the subcutaneous posterior surface of the olecranon, and differentiated from the common 
extensor group by a well-marked oblique longitudinal depression. The upper angle of 
the triangle corresponds to the external condyle, and is marked by a depression of 
dimple in this situation. In the interval, caused by the divergence from each other or 
the two groups of muscles into which the extensor and supinator group is divided at the 
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lower part of the forearm, an oblique elongated eminence is seen, caused by the emergence 
of two of the extensors of the thumb from their deep origin at the back of the forearm, 
This eminence, full above, and becoming flattened out and partially subdivided below, 
runs downwards and outwards over the back and outer surface of the radius to the outer 
side of the wrist-joint, where it forms a ridge, especially marked when the thumb is 
extended, which passes onwards to the posterior aspect of the thumb. The tendons of 
most of the Extensor muscles are to be seen and felt at the level of the wrist-joint. 
Most externally are the tendons of the Extensor ossis metacarpi pollicis and the Extensor 
brevis pollicis, forming a vertical ridge over the outer side of the joint from the styloid 
process of the radius to the thumb. Internal to this is the oblique ridge produced by the 
tendon of the Extensor longus pollicis, very noticeable when the muscle is in action. 
The Extensor carpi radialis longior is scarcely to be felt, but the Extensor carpi radialis 
brevior can be distinctly perceived, as a vertical ridge emerging from under the ulnar 
border of the tendon of the Extensor longus pollicis, when the hand is forcibly extended 
at the wrist. Internal to this, again, can be felt the tendons of the Extensor indicis, 
Extensor communis digitorum, and Extensor minimi digiti; the latter tendon being 
separated from those of the common extensor by a slight furrow. The muscles of the 
hand are principally concerned, as far as regards surface form, in producing the thenar 
and hypothenar eminences, and individually are not to be distinguished, on the surface, 
from each other. The Adductor transversus pollicis is, however, an exception to this ; 
its anterior border gives rise to a ridge across the web of skin connecting the thumb to 
the rest of the hand. The thenar eminence is much larger and rounder than the hypo- 
thenar one, which presents a longer and narrower eminence along the ulnar side of the 
hand. When the Palmaris brevis is in action it produces a wrinkling of the skin over 
the hypothenar eminence, and a deep dimple on the ulnar border of the hand. On the 
back of the hand the Dorsal interossei produce elongated swellings between the meta- 
carpal bones. When the thumb is closely adducted to the hand, the first dorsal inter- 
osseous (Abductor indicis) forms a prominent fusiform bulging; the other interossei are 
not so marked. 

The skin over the inner side and front of the forearm is thin, smooth and sensitive ; 
it contains few hairs and many sweat-glands. Over the outer side and back of the 
arm and forearm it is thicker, denser, not so sensitive, and contains more hairs 
and fewer sweat-glands. Over the olecranon the cuticle is thick and rough; the skin 
loosely connected to the underlying tissues, and transversely wrinkled when the forearm 
is extended. At the front of the wrist, the skin presents three transverse wrinkles, which 
correspond to the position of the styloid process of the ulna, the wrist-joint, and the 
mid-carpal joint respectively. The skin of the palm of the hand differs considerably 
from that of the forearm. At the wrist, it suddenly becomes hard and dense and 
covered with a thick layer of cuticle. The skin in the thenar region presents these 
characteristics less than elsewhere. In spite of this hardness and density, the skin of the 
palm is exceedingly sensitive and very vascular. It is destitute of hair, and contains no 
sebaceous follicles. The skin of the palm is tied down by fibrous bands along the lines of 
flexion, producing certain furrows of a permanent character. One of these (linea vitalis), 
starting from about the tubercle of the scaphoid, extends downwards and inwards, and 
then downwards and outwards, curving round the thenar eminence, and terminates on 
the radial border of the hand, a little above the metacarpo-phalangeal joint of the index 
finger. It corresponds to the outer border of the central portion of the palmar fascia, 
and is produced by the special movement of opposition of the thumb to the other fingers. 
A second line (linea cephalica) commences at the termination of the first, and extends 
obliquely across the palm, upwards and inwards, to the ulnar margin about the middle of 
the fifth metacarpal bone. A third (linea mensalis) commences at the ulnar border of the 
hand, about an inch below the termination of the linea cephalica, and extends outwards 
across the palm over the heads of the third, fourth, and fifth metacarpal bones. The last 
two lines are caused by flexion of the fingers at the metacarpo-phalangeal joint. From 
the linea mensalis, furrows pass vertically downwards along each finger, corresponding to 
the lines of attachment of the skin to the sheaths of the Flexor tendons. These are called 
vallecule, and between them are small projections or hillocks, caused by bulging of the 
subcutaneous tissues when the tendons are stretched. They are named, from the thumb 
to the little finger, eminentia Veneris, Jovis, Saturni, Solis, and Mercurii. Over the fingers 
the skin again becomes thinner, especially at the flexures of the joints ; and over the 
terminal phalanges it is thrown into numerous ridges, in consequence of the arrange- 
ment of the papille in it. These ridges form, in different individuals, distinctive and 
permanent patterns, which may be used for purposes of identification. The superficial 
fascia in the palm is made up of dense fibro-fatty tissue. -This tissue binds down the skin so 
firmly to the deep palmar fascia that very little movement is permitted between the two. 
M nurdigal Ana a ae ei e competed p dissection of the muscles of 

e upper extremity, should consider the effects likely to be pro i 
ia i pa in fracture of the bones. A produeadbyyijiseiviiondiiiio 
n considering the actions of the various muscles upon fractures of the upper extremi 
the most common forms of injury have been selected both for illustration a ca 
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Fracture of the middle of the clavicle (fig. 438) is always attended with considerable 
displacement of the outer fragment, which is drawn downwards and inwards, and at.the 
same time rotated, so that its outer end is carried forwards and its inner end backwards. 

The displacement is produced as follows: the outer fragment is drawn downwards by 
the weight of the arm, the Trapezius not being able to support the weight of the limb. 
It is drawn inwards by the Subclavius and Pecto- 
ralis minor, possibly assisted by the Pectoralis Fic. 438.—Fracture of the middle 
major and Latissimus dorsi; and is rotated on an of the clavicle. 
axis drawn through it own centre by the Serratus 
magnus, which causes the scapula to rotate on 
the wall of the chest, and carries the acromion and 
outer end of the outer fragment of the clavicle 
forwards, and so carries the inner end of the outer 
portion backwards. The depression of the whole 
outer fragment is produced by the weight of the 
arm and by the contraction of the Deltoid. The 
causes of displacement having been ascertained, it 
is easy to apply the appropriate treatment. The 
outer fragment is to be drawn outwards, and, 
together with the scapula, raised upwards to a 
level with the inner fragment, and retained in that 
position. 

In fracture of the acromial end of the clavicle, 
‘between the conoid and trapezoid ligaments, only 
slight displacement occurs, as these ligaments, from 
their oblique insertion, serve to hold both portions 
of the bone in apposition. Fracture, also, of the 
sternal end, internal to the costo-clavicular liga- 
ment, is attended with only slight displacement, 
this ligament serving to retain the fragments in 
close apposition. 

Fracture of the acromion process outside the 
ligaments usually arises from violence applied to 
the upper and outer part of the shoulder. There 
is great displacement; the outer fragment being 
drawn downwards by the weight of the arm, and rotated forwards and inwards, so that 
it forms a right angle with the rest of the bone. 

Fracture of the coracoid process is an extremely rare accident, and is usually caused 
by a sharp blow on the point of the shoulder. In many cases there appears to be little or 
no displacement, from the fact that the coraco-clavicular ligament remains intact, and 
keeps the separated fragment from displacement. But in some cases displacement does 
occur, the fragment being drawn downwards and 
forwards by the Coraco-brachialis and Biceps, and yg, 439.—Fracture of the surgical 
inwards by the Pectoralis minor. In order to relax neck of the humerus. 
these muscles and replace the fragments in close 
apposition, the forearm should be flexed so as to 
relax the Biceps, and the arm drawn forwards and 
inwards across the chest so as to relax the Coraco- 
brachialis; the humerus should then be pushed 
upwards against the coraco-acromial ligament, an 
the arm retained in that position. 

Fracture of the surgical neck of the humerus 
(fig. 439) is very common, is attended with con- 
siderable displacement, and its appearances corre- 
spond somewhat with those of dislocation of the 
head of the humerus into the axilla. The upper 
fragment is slightly elevated under the coraco- 
acromial ligament by the muscles attached to the 
greater and lesser tuberosities ; the lower fragment 
is drawn inwards by the Pectoralis major, Latissi- 
mus dorsi, and Teres major; and the humerus is 
thrown obliquely outwards from the side by the 
Deltoid, and occasionally elevated so as to cause 
the upper end of the lower fragment to project 
beneath and in front of the coracoid process. The 
deformity is reduced by fixing the shoulder, and drawing the arm outwards and down- 
wards. To counteract the opposing muscles, and to keep the fragments in position, a 
conical-shaped pad should be placed in the axilla, and the arm bandaged to the side by a 
broad roller passed round the chest, in such a manner that the elbow is carried slightly 
forwards, so as to throw the upper end of the lower fragment backwards and outwards 
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towards the head of the bone. The whole is then covered with a carefully moulded 
ha or poroplastic shoulder-cap. . 
sas? feito af site shaft of the oe below the insertion of the een a 
Latissimus dorsi, and Teres major, and above the insertion of the Deltoid, there fe a a 
considerable deformity, the upper fragment being drawn inwards by the oe pie st 
muscles, and the lower fragment upwards and outwards by the Deltoid, ae 
shortening of the limb, and a considcrable prominence at the seat of fracture, from the 
fractured ends of the bone aig over one wen 
ially i ure takes place in an oblique 
Fro. 440. —Fresture gigas amnem Fae M The ESON pai be brought into 
above the condyles. apposition by extension from the elbow, and retained 
in that position by adopting the same means as In 
the preceding injury. 

In fractures of the shaft of the humerus im- 
mediately below the insertion of the Deltoid, the 
amount of deformity depends greatly upon the di- 
rection of the fracture. If it occurs in a transverse 
direction, only slight displacement takes place, the 
upper fragment being drawn a little forwards ; but 
in oblique fracture, the combined actions of the 
Biceps and Brachialis anticus muscles in front, and 
the Triceps behind, draw upwards the lower frag- 
ment, causing it to glide over the upper fragment, 
either backwards or forwards, according to the 
direction of the fracture. Simple extension reduces 
the deformity, and the application of a shoulder 
cap and splints to the arm will retain the fragments 
in apposition (see page 279). Care should be taken 
not to raise the elbow; but the forearm and hand 
may be supported in a sling. 

Fracture of the humerus (fig. 440) immediately 
above the condyles deserves very attentive con- 
sideration, as the general appearances correspond 
somewhat with those produced by separation of 
the epiphysis of the humerus, and with those of dislocation of the radius and ulna 
backwards. If the direction of the fracture is oblique, from above, downwards and 
forwards, the lower fragment is drawn upwards by the Brachialis anticus and Biceps 
in front, and the Triceps behind; and at the same time is drawn backwards behind the 
upper fragment by the Triceps. This injury may be diagnosed from dislocation by the 
increased mobility in fracture, the existence of crepitus, and the fact of the deformity 
being remedied by extension, on the discontinuance of which it is reproduced. The age 
of the patient is of importance in distinguishing this form of injury from separation of 

the epiphysis. In some cases where the 
Fracture of the olecranon. injury has been produced by falls on 
the elbow, the lower fragment is drawn 
upwards and forwards, causing a con- 
siderable prominence in front; and the 
upper fragment projects backwards be- 
neath the tendon of the Triceps muscle. 

Fracture of the olecranon process 
(fig. 441) is a frequent accident. The 
detached fragment is displaced upwards, 
by the action of the Triceps muscle, 
from half an inch to two inches; the 
prominence of the elbow is consequently 
lost, and a deep hollow is felt at the back 
part of the joint, which is much increased 
on flexing the limb. The patient at the 
same time loses, more or less, the power 
of extending the forearm. The treat- 
ment consists in wiring the fragments 
pe dap but A for some reason this 
operation is not desirable, the fragments 
should be approximated by strapping or a figure-of-8 bandage, and the arm put om an 
extended position in order to relax the Triceps. Massage and passive movements must 
be employed, for fear of ankylosis. Union is generally ligamentous. 

Fracture of the neck of the radius is an exceedingly rare accident, and is usually 
caused by direct violence. Its diagnosis is somewhat obscure, on account of the slight 
eran niet injured part being surrounded by a large number of muscles; but 

vements of pronation and supination are entirely lost. The lower fragment is 
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drawn forwards and slightly upwards by the Biceps, and inwards by the Pronator radii 
teres, its displacement forwards and upwards being counteracted in some degree by the 
Supinator brevis. The treatment essentially consists in relaxing the Biceps, Supinator 
brevis, and Pronator radii teres muscles, by flexing the forearm, and placing it in a position 
midway between pronation and supination, extension having been previously made so as 
to bring the parts in apposition. i 

In fracture of the radius below the insertion of the Biceps, but above the insertion 
of the Pronator radii teres, the upper fragment is strongly supinated by the Biceps and 
Supinator brevis, and at the same time drawn forwards and flexed by the Biceps; the 
lower fragment is pronated and drawn inwards towards the ulna by the pronators. Thus 
there is extreme displacement with very 
little deformity. In treating such a frac- Fic, 442.—Fracture of the shaft of the radius. 
ture the arm must be put up in a position 
of supination, otherwise union will take 
place with great impairment of the move- 
ments of the hand. In fractures of the 
radius below the insertion of the Pronator 
radii teres (fig. 442), the upper fragment is 
drawn upwards by the Biceps, and inwards 
by the Pronator radii teres, holding a 
position midway between pronation and 
supination, and a degree of fulness in the 
upper half of the forearm is thus produced : 
the lower fragment is drawn downwards 
and inwards towards the ulna by the Pronator quadratus, and thrown into a state of prona- 
tion by the same muscle; at the same time, the Supinator longus, by elevating the styloid 
process, into which it is inserted, will serve to depress the upper end of the lower fragment 
still more towards the ulna. In order to relax the opposing muscles the forearm should 
be bent, and the limb placed in a position midway between pronation and supination ; 
the fracture is then easily reduced by extension from the wrist and elbow: well-padded 
splints should be applied on both sides of the forearm from the elbow to the wrist; the 
hand being allowed to fall will, by its own weight, counteract the action of the Pronator 
quadratus and Supinator longus, and elevate the lower fragment to tho level of the 
upper one. 

In fracture of the shaft of the ulna the upper fragment retains its usual position, but 
the lower fragment is drawn outwards towards the radius by the Pronator quadratus, pro- 
ducing a well-marked depression at the seat of fracture, and some fulness on the dorsal 
and palmar surfaces of the forearm. The fracture is easily reduced by extension from the 
wrist and forearm. The forearm should be flexed, and placed in a position midway 
between pronation and supination, and well-padded splints applied from the elbow to the 
ends of the fingers. 

In fracture of the shafts of the radius and ulna together, the lower fragments are 
drawn upwards, sometimes forwards, sometimes backwards, according to the direction of 
the fracture, by the combined actions of the Flexor and Extensor muscles, producing a 





Fic. 443.—Fracture of the lower end of the radius. 





degree of fulness on the dorsal or palmar surface of the forearm; at the same time the 
lower fragments are drawn into contact by the Pronator quadratus, the radius being in a 
state of pronation: the upper fragment of the radius is drawn upwards and inwards by the 
Biceps and Pronator radii teres to a higher level than the ulna ; the upper portion of the 
ulna is slightly elevated by the Brachialis anticus. The fracture may be reduced by 
extension from the wrist and elbow, and the forearm should be placed in the same position 
as in fracture of the ulna. 

In fracture of the lower end of the radius (fig. 443) the displacement which is produced 
is very considerable, and bears some resemblance to dislocation of the carpus backwards, 
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from which it should be carefully distinguished. The 
wards and upwards, but this displacement is probably 
the portion of the bone into 
fragment projects forwards, 
is drawn by th 
jection on the anter 
Flexor tendons being thrust forward 
by the deformity being removed on making suflicient extension, l 
the same time, on extension being discontinu 
deformed appearance (see also page 290). The age of the patient 
the injury is fracture or separation of the epiphysis. 
The treatment consists in flexing the forearm, and making powerful extension from the 
wrist and elbow, depressing at the same time the radial side of the hand, and retaining 


oceasionally detected ; at 
immediately resume their 
will assist in determining whether 
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this position and not to any muscular influence. 
often lacerating the substance of the Pronator quadratus, and 
is muscle into close contact with the lower end of the ulna, causing a pro- 
ior surface of the forearm, immediately above the carpus, from the 
s. This fracture may be distinguished from dislocation 
when crepitus may be 
ed, the parts 


the parts in that position by well-padded pistol-shaped splints. 


MUSCLES AND FASCIÆ OF THE LOWER EXTREMITY 


The Muscles of the Lower Extremity are subdivided into groups, correspond- 
ing with the different regions of the limb. 


Quadriceps 
extensor 


I. Inrac REGION 


Psoas magnus. 
Psoas parvus. 
Thiacus. 


Il. Tarca 


. Anterior Femoral Region 


Tensor fasciz femoris. ` 
Sartorius. 

Rectus femoris. 

Vastus externus. 
Vastus internus. 
Crureus. 

Suberureus. 


2. Internal Femoral Region 


Gracilis. 
Pectineus. 
Adductor longus. 
Adductor brevis. 
Adductor magnus. 


. Gluteal Region 


Gluteus maximus. 
Gluteus medius. 
Gluteus minimus. 
Pyriformis. l 
Obturator internus. 
Gemellus superior. 
Gemellus inferior. 
Quadratus femoris. 
Obturator externus. 


. Posterior Femoral Region 


Biceps. 
Semitendinosus. 
Semimembranosus, 


II. Lee 


5. Anterior Tibio-fibular 


Region 
Tibialis anticus. 


Extensor proprius hallucis. 


Extensor longus digitorum. 
Peroneus tertius. 


. Posterior Tibio-fibular Region 


Superficial Layer 
Gastrocnemius. 


Soleus. 
Plantaris. 


Deep Layer 
Popliteus. 
Flexor longus hallucis. 
Flexor longus digitorum. 
Tibialis posticus. 
7. Fibular Region 


Peroneus longus. 
Peroneus brevis. 


IV. Foor 


8. Dorsal Region 
Extensor brevis digitorum. 


9. Plantar Region 


First Layer 
Abductor hallucis. 
Flexor brevis digitorum. 
Abductor minimi digiti. 

Second Layer 
Flexor accessorius. 
Lumbricales. 

Third Layer 


Flexor brevis hallucis. 
Adductor obliquus hallucis. 
Flexor brevis minimi digiti. 
Adductor transversus hallucis 


Fourth Layer 
The Interossei. 


lower fragment is displaced back- 
due to the force of the blow driving 
The upper 
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I. Muscues anp Fascriæ or Tae Irrac REGION 
Psoas magnus, Psoas parvus. Thacus. 


Dissection.—No detailed description is required for the dissection of these muscles. On 
the removal of the viscera from the abdomen, they are exposed, covered by the peritoneum 
and a thin layer of fascia, the iliac fascia. 


The Fascia covering the Psoas and Iliacus is the aponeurotic layer which 
lines the back part of the abdominal cavity, and covers the Psoas and Iliacus 
muscles throughout their whole extent. It is thin above, and becomes gradually 
thicker below as it approaches Poupart’s ligament. 

The portion covering the Psoas is thickened above to form the ligamentum 
arcuatum internum, which stretches from the transverse process of the first 
lumbar vertebra to the body of the second; internally, it is attached by a series 
of arched processes to the intervertebral dises, and prominent margins of the 
bodies of the vertebra, and to the upper part of the sacrum; the intervals so 
left, opposite the constricted portions of the bodies, transmitting the lumbar 
arteries and veins and filaments of the sympathetic cord. Externally, above the 
crest of the ilium, this portion of the fascia is continuous with the anterior 
lamella of the lumbar fascia covering the front of the Quadratus lumborum 
(see page 470), but below the crest of the ilium it is continuous with the fascia 
covering the Iliacus. 

The portion investing the Iliacus (Fascia iliaca*) is connected, externally, to 
the whole length of the inner border of the crest of the ilium ; and internally, to 
the brim of the true pelvis, where it is continuous with the periosteum; and 
at the ilio-pectineal eminence it receives the tendon of insertion of the Psoas 
parvus, when that muscle exists. External to the femoral vessels, this fascia 
is intimately connected to the posterior margin of Poupart’s ligament, and is 
continuous with the fascia transversalis. Immediately to the outer side of 
the femoral vessels the fascia iliaca is prolonged backwards and inwards from 
Poupart’s ligament as a band, the zlio-pectineal ligament, which is attached to the 
ilio-pectineal eminence. This ligament divides the space between Poupart’s 
ligament and the innominate bone into two parts, the inner of which transmits 
the femoral vessels, the outer the ilio-psoas and the anterior crural nerve 
(fig. 360). Internal to the vessels the iliac fascia is attached to the ilio-pectineal 
line behind the conjoined tendon, where it is again continuous with the trans- 
versalis fascia ; and corresponding to the point where the femoral vessels pass 
into the thigh, this fascia descends behind them forming the posterior wall of the 
femoral sheath. This portion of the iliac fascia which passes behind the femoral 
vessels is also attached to the ilio-pectineal line beyond the limits of the attach- 
ment of the conjoined tendon; at this part it is continuous with the pubic 
portion of the fascia lata of the thigh. The external iliac vessels lie in front of 
the iliac fascia, but all the branches of the lumbar plexus behind it; it is 
separated from the peritoneum by a quan iy of loose areolar tissue. 

The Psoas magnus (fig. 445) is a long fusiform muscle placed on the side of 
the lumbar region of the spine and margin of the pelvis. It arises from the 
front of the bases and lower borders of the transverse processes of the lumbar 
vertebre by five fleshy slips; also from the sides of the bodies, and the corre- 
sponding intervertebral substances of the last dorsal and all the lumbar 
vertebra. The muscle is connected to the bodies of the vertebra by five slips ; 
each slip is attached to the upper and lower margins of two vertebra, and 
to the intervertebral substance between them; the slips themselves being 
connected by tendinous arches which extend across the constricted part of the 
bodies, and beneath which pass the lumbar arteries and veins and filaments 
of the sympathetic cord. These tendinous arches also give origin to muscular 
fibres, and protect the blood-vessels and nerves from pressure during the action 
of the muscle. The first slip is attached to the contiguous margins of the last 
dorsal and first lumbar vertebræ ; the last to the contiguous margins of the 
fourth and fifth lumbar vertebræ, and to the intervertebral substance. From 
these points the muscle proceeds downward across the brim of the pelvis, 
and, diminishing gradually in size, passes beneath Poupart’s ligament, and 


* The student must not confound this fascia with the iliac portion of the fascia lata 
(see page 545). 
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terminates in a tendon, which, after gomg meny pe whole of the fibres of 
liacus, is inserted into the lesser trochanter ot the temur. l 

i ae te the lumbar region: By its anterwr surface, with the liga- 
mentum arcuatum internum, the iliac fascia, the extra-peritoneal fat ape 
peritoneum, the kidney, Psoas parvus, renal vessels, ureter, gic ae vessels, 
genito-crural nerve, and the colon. By its posterior surface, with t p ae 
processes of the lumbar vertebre, and the Quadratus lumborum, pe y ic 
it is separated by the anterior lamella of the lumbar fascia. The lumbar plexus 
is situated in the posterior part of the substance of the muscle. By its inner 
side, the muscle is in relation with the bodies of the lumbar veriebræ, the 
lumbar arteries, the ganglia of the sympathetic nerve, and their branches of 
communication with the spinal nerves; the lumbar glands; the vena cava 
inferior on the right, and the aorta on the left side, and along the brim of the 
pelvis with the external iliac artery. In the thigh it is in relation, in front, 
with the fascia lata; behind, with the capsular ligament of the hip, from which 
it is separated by a synovial bursa, which frequently communicates with the 
cavity of the joint through an opening of variable size ; by its inner border, with 
the Pectineus and internal circumflex artery, and also with the femoral artery, 
which slightly overlaps it; by its outer border, with the anterior crural nerve 
and Iliacus muscle. l 

The Psoas parvus is a long slender muscle, placed in front of the Psoas 
magnus. It arises from the sides of the bodies of the last dorsal and first 
lumbar vertebre and from the intervertebral substance between them. It 
forms a small muscular bundle, which terminates in a long flat tendon, 
inserted into the ilio-pectineal line and eminence, and, by its outer border, into 
the fascia iliaca. This muscle is often absent, and, according to Cruveilhier, 
sometimes double. 

Relations.—The Psoas parvus is covered by the peritoneum, and, at its 
origin, by the ligamentum arcuatum internum ; it rests on the Psoas magnus. 

The Iliacus is a flat, triangular muscle, which fills up the whole of the iliac 
fossa. It arises from the upper two-thirds of this fossa, and from the inner 
margin of the crest of the ilium ; behind, from the anterior sacro-iliac and the 
ilio-lumbar ligaments, and base of the sacrum ; in front, it reaches as far as the 
anterior superior and anterior inferior spinous processes of the ilium, and the 
notch between them. The fibres converge to be inserted into the outer side of 
the tendon of the Psoas, some of them being prolonged on to the shaft of the 
femur for about an inch below and in front of the lesser trochanter.* 

Relations.— Within the abdomen: By its anterior surface, with the iliac 
fascia, which separates the muscle from the extra-peritoneal fat and peritoneum, 
and with the external cutaneous nerve; on the right side, with the caecum ; on 
the left side, with the sigmoid flexure of the colon. By its posterior surface, 
with the iliac fossa. By its inner border, with the Psoas magnus, and anterior 
crural nerve. In the thigh, it is in relation, by its anterior surface, with the 
fascia lata, Rectus, Sartorius, and profunda femoris artery; behind, with the 
capsule of the hip-joint, a synovial bursa common to it and the Psoas magnus 
being interposed. 

erves.—The Psoas magnus is supplied by the anterior branches of the 

second and third lumbar nerves ; the Psoas parvus, when it exists, is supplied by 
the anterior branch of the first lumbar nerve; and the Iliacus by the anterior 
branches of the second and third lumbar nerves through the anterior crural. 

Actions.—The Psoas and Iliacus muscles, acting from above, flex the thigh 
upon the pelvis: acting from below, the femur being fixed, the muscles of both 
sides bend the lumbar portion of the spine and pelvis forwards. They also 
serve to maintain the erect position, by supporting the spine and pelvis upon the 
femur, and assist in raising the trunk when the body is in the recumbent posture. 

The Psoas parvus is a tensor of the iliac fascia. 


Surgical Anatomy.—In the iliac fascia there is no definite septum between the portions 
of fascia covering the Psoas and Iliacus respectively, and the fascia is only connected to 
the subjacent muscles by a quantity of loose connective tissue. When an abscess forms 
beneath this fascia, as it is very apt to do, the matter is contained in an osseo-fibrous cavity 


— ~a ee ere ree te | 








oot m mare St =— 


* The Psoas and Iliacus are sometimes regarded as a single muscle, the Ilio-pscas, 
having two heads of origin and a single insertion. 
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which is closed on all sides within the abdomen, and is open only at its lower part, where 
the fascia is prolonged over the muscle into the thigh. 

Abscess within the sheath of the Psoas muscle (Psoas abscess) is generally due to 
tuberculous caries of the bodies of the lower dorsal and lumbar vertebra. When the disease 
is in the dorsal region, the matter tracks down the posterior mediastinum, in front of the 
bodies of the vertebre, and, passing beneath the Ligamentum arcuatum internum, enters 
the sheath of the Psoas muscle, down which it passes as far as the pelvic brim; it then 
gets beneath the iliac portion of the fascia, and fills up the iliac fossa. In consequence of 
the attachment of the fascia to the pelvic brim, it rarely finds its way into the pelvis, but 
passes by a narrow opening under Poupart’s ligament into the thigh, to the outer side of 
the femoral vessels. It thus follows that a Psoas abscess may be described as consisting 
of four parts: (1) a somewhat narrow channel at its upper part, in the Psoas sheath; 
(2) a dilated sac in the iliac fossa; (3) a constricted neck under Poupart’s ligament; and 
(4) a dilated sac in the upper part of the thigh. When the lumbar vertebræ are the scat 
of the disease, the matter finds its way directly into the substance of the muscle. The 
muscular fibres are destroyed, and the nervous cords contained in the abscess are isolated 
and exposed in its interior; the femoral vessels which lie in front of the fascia remain 
intact, and the peritoneum seldom becomes implicated. All Psoas abscesses do not, how- 
ever, pursue this course: the matter may leave the sheath of the muscle above the crest 
of the ilium, and tracking backwards may point in the loin (lumbar abscess); or it may 
point above Poupart’s ligament in the inguinal region; or it may follow the course of the 
iliac vessels into the pelvis, and, passing through the great sacro-sciatic notch, discharge 
itself on the back of the thigh; or it may open into the bladder, or find its way into the 
perinæum. 


II. MuscLEs anD Fascrm or tue THIGH 


1. Anterior Femoral Region 
Rectus femoris. 


Tensor fasciee femoris. Quadriceps | Vastus externus. 
Sartorius. extensor | Vastus internus. 
Crureus. 
Subcrureus. 


Dissection.—To expose the muscles and fascie in this region, make an incision along 
Poupart’s ligament, from the anterior superior spine of the ilium to the spine of the os pubis ; 
a vertical incision from the centre of this, along the middle of the thigh to below the knee- 
joint ; and a transverse incision from the inner to the outer side of the leg, at the lower 
end of the vertical incision. The flaps of integument having been removed, the superficial 
and deep fasciæ should be examined. The more advanced student should commence the 
study of this region by an examination of the anatomy of femoral hernia, and Scarpa’s 
triangle, the incisions for the dissection of which are marked out in fig. 444. 


The superficial fascia forms a continuous layer over the whole of the thigh, 
consisting of areolar tissue, containing in its meshes much fat, and capable of 
being separated into two or more layers, between which are found the superficial 
vessels and nerves. It varies in thickness in different parts of the limb; in the 
groin it is thick, and the two layers are separated from one another by the 
superficial inguinal lymphatic glands, the internal saphenous vein, and several 
smaller vessels. One of these two layers, the superficial, is continuous above 
with the superficial fascia of the abdomen. The deep layer of the superficial 
fascia is a very thin, fibrous layer, best marked on the inner side of the long 
saphenous vein and below Poupart’s ligament. It is placed beneath the sub- 
cutaneous vessels and nerves and upon the surface of the fascia lata. It is 
intimately adherent to the fascia lata a little below Poupart’s ligament. It 
covers the saphenous opening in the fascia lata, being closely united to its 
circumference, and is connected to the sheath of the femoral vessels, corre- 
sponding to its under surface. The portion of fascia covering this aperture 
is perforated by the internal saphenous vein and by numerous blood and 
lymphatic vessels, hence it has been termed the cribriform fascia, the open- 
ings for these vessels having been likened to the holes in a sieve. The cribri- 
form fascia adheres closely both to the superficial fascia and to the fascia 
lata, so that it is described by some anatomists as part of the fascia lata, but is 
usually considered as belonging to the superficial fascia. It is not until the 
cribriform fascia has been cleared away that the saphenous opening is seen, sc 
that this opening does not in ordinary cases exist naturally, but is the result 
of dissection. Callender, however, speaks of cases in which, probably as the 
result of pressure from enlarged inguinal lymphatic glands, the fascia has become 
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hied, and a saphenous opening exists independent of dissection. A femoral 
a in passing “ees fe an SS opening receives the cribriform npu 
as one of its coverings. A large subcutaneous bursa is found in the superficia 
i r the patella. l 
a e facia of the thigh is exposed on the removal of the superficial 
fascia, and is named, from its great extent, the fascia lata ; it constitutes a uniform 
investment for the whole of this region of the limb, but varies in thickness in 
different parts ; thus, it is thicker in the upper and outer part of the thigh, where 
it receives a fibrous expansion from the Gluteus maximus muscle, and where the 
Tensor fasciæ femoris is inserted between its layers: it is very thin behind and 
at the upper and inner part, where it covers the Adductor muscles, and again 
becomes stronger around the knee, receiving 
fibrous expansions from the tendon of the 
Biceps externally, and from the Sartorius 
internally, and Quadriceps extensor cruris 
in front. The fascia lata is attached, above 
and behind, to the back of the sacrum 
and coccyx; externally, to the crest of the 
ilium ; in front, to Poupart’s ligament, and 
to the body of the os pubis ; and internally, 
to the descending ramus of the os pubis, 
Ri Ind! to the ramus and tuberosity of the ischium, 
Teper OS, G and to the lower border of the great sacro- 
Scarpa’s triangle sciatic ligament. From its attachment to 
the crest of the ilium it passes down over 
the Gluteus medius muscle to the upper 
border of the Gluteus maximus, where it 
splits into two layers, one passing super- 
eer chaos tah ficial to and the other beneath this muscle. 
At the lower border of the muscle the two 
layers reunite. Externally, the fascia lata 
receives the greater part of the tendon of 
insertion of the Gluteus maximus, and 
becomes proportionately thickened. The 
portion of the fascia lata attached to the 
front part of the crest of the ilium, and 
corresponding to the origin of the Tensor 
fasciæ femoris, passes down the outer side 
of the thigh as two layers, one superficial 
to and the other beneath this muscle; these 
at the lower end of the muscle become 
blended together into a thick and strong 
band, having first received the insertion of 
the muscle. This band is continued down- 
wards, under the name of the ilio-tibial 
band, we ir — 7 the external tuber- 
osity of the tibia. e part of the ilio- 
ernie eae tibial sand svhich: di hexeuilt MENTON 
fasciæ femoris is prolonged upwards to the 
capsule of the hip, with the outer part of 
which it becomes continuous. Below, the 
fascia lata is attached to all the prominent points around the knee-joint, viz. the 
condyles of the femur, tuberosities of the tibia, and head of the fibula. On 
each side of the patella it is strengthened by transverse fibres given off from 
the lower part of the Vasti muscles, which are attached to and support this 
bone. Of these the outer are the stronger, and are continuous with the ilio-tibial 
band. From the inner surface of the fascia lata are given off two strong inter- 
muscular septa, which are attached to the whole length of the linea aspera and 
its prolongations above and below: the external and stronger one, which extends 
from the insertion of the Gluteus maximus to the outer condyle, separates the 
Vastus externus in front from the short head of the Biceps behind, and gives 
partial origin to these muscles ; the inner one, the thinner of the two, separates 
the Vastus internus from the Adductor and Pectineus muscles. Besides these 


Fig. 444.—Dissection of lower 
extremity. Front view. 





3. Front of leg 
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there are numerous smaller septa, sepa- Frc. 445.—Muscles of the iliac and 
rating the individual muscles, and enclosing anterior femoral regions. 
each in a distinct sheath. 

The Saphenous Opening.—At the upper 
and inner part of the thigh, a little below 
the inner end of Poupart’s ligament, a large 
oval-shaped aperture is observed after the 
superficial fascia has been cleared off: it 
transmits the internal saphenous vein, and 
other smaller vessels, and is termed the 
saphenous opening. In order to consider 
more correctly the mode of formation of 
this aperture, the fascia lata in this part 
of the thigh is described as consisting of 
two portions, an iliac portion and a pubic 
portion. 

The iliac portion is the part of the fascia 
lata on the outer side of the saphenous 
opening. It is attached, externally, to the 
crest of the ilium and its anterior superior 
spine, to the whole length of Poupart’s 
ligament, and to the pectineal line in con- 
junction with Gimbernat’s ligament. From 
the spine of the os pubis it is reflected 


downwards and outwards, forming an Mite. Whew Fed K To i 
arched margin, the falciform process or Ms AN E, 
boundary of the saphenous opening; this E STNE E Keri 9 
margin overlies and is adherent to the an- PEA A | / A wag 
terior layer of the sheath of the femoral $ ii ‘ MYY ott 


vessels: to its edge is attached the cribri- 
form fascia. The upward and inward pro- 
longation of the falciform process is named 
the superior cornu; its downward and 
inward prolongation, the inferior cornu. 
The latter is well defined, and is continuous 
behind the saphenous vein with the pubic 
portion of the fascia lata. 

The pubic portion is situated at the 
inner side of the saphenous opening; at 
the lower margin of this aperture it is 
continuous with the iliac portion; traced 
upwards, it covers the surface of the 
Pectineus, Adductor longus, and Gracilis 
muscles, and, passing behind the sheath of 
the femoral vessels, to which it is closely 
united, is continuous with the fascia iliaca, 
and is attached above to the ilio-pectineal 
line. From this description it may be ob- 





served that the iliac portion of the fascia 
lata passes in front of the femoral vessels, 
and the pubic portion behind them, so that 
an apparent aperture exists between the 
two, through which the internal saphenous 
passes to join the femoral vein. 
The fascia should now be removed from the 
surface of the muscles. This may be effected 
by pinching it up between the forceps, dividing > 
it, and separating it from each muscle in the ha SS} 
course of its fibres. MNR SS 7 / 4 
The Tensor fasciæ femoris arises from MINN NS ii a 
the anterior part of the outer lip of the i a s 
f. ful d AN es M ai 
crest of the ilium, from the outer surface a Tove 
NWN 
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of the anterior superior spinous process, and a of the outer border of the 
notch below it, between the Gluteus medius and Sartorius, and from the inner 
surface of the fascia lata. It is inserted between two layers of the fascia lata 
about the junction of the middle and upper thirds of the thigh. From the 
point of insertion the fascia is continued downwards to the external tuberosity 
of the tibia as a thickened band, the ilio-tibial band. l 

Relations.—By its superficial surface, with the fascia lata and the integument., 
By its deep surface, with the Gluteus medius, Rectus femoris, Vastus externus, 
and the ascending branches of the external circumflex artery. By its anterior 
border, with the Sartorius, from which it is separated below by a triangular 
space, in which is seen the Rectus femoris. By its posterior border, with the 
Gluteus medius. 

The Sartorius, the longest muscle in the body, is flat, narrow, and ribbon-like ; 
it arises by tendinous fibres from the anterior superior spinous process of the 
ilium and the upper half of the notch below it, passes obliquely across thé upper 
and anterior part of the thigh, from the outer to the inner side of the limb, then 
descends vertically, as far as the inner side of the knee, passing behind the inner 
condyle of the femur, and terminates in a tendon; this curves obliquely forwards 
and expands into a broad aponeurosis, which is inserted, in front of the Gracilis 
and Semitendinosus, into the upper part of the inner surface of the shaft of the 
tibia, nearly as far forwards as the crest. The upper part of the aponeurosis is 
curved backwards over the upper edge of the tendon of the Gracilis so as to be 
inserted behind it. An offset, derived from its upper margin, blends with the 
fibrous capsule of the knee-joint, and another, given off from its lower border, 
blends with the fascia on the inner side of the leg. 

The relations of this muscle to the femoral artery should be carefully examined, 
as it constitutes the chief guide in tying the vessel. In the upper third of the 
thigh it forms the outer side of a triangular space, Scarpa’s triangle, the inner 
side of which is formed by the inner border of the Adductor longus, and the base, 
turned upwards, by Poupart’s ligament; the femoral artery passes perpendicularly 
through the middle of this space from its base to its apex. In the middle third 
of the thigh, the femoral artery is contained in Hunter’s canal, on the roof of 
which lies the Sartorius. 

Relations.—By its superficial surface, with the fascia lata and integument. 
By its deep surface, with the Rectus, Iliacus, Vastus internus, anterior crural 
nerve, sheath of the femoral vessels, Adductor longus, Adductor magnus, Gracilis, 
Semitendinosus, long saphenous nerve, and internal lateral ligament of the 
knee-joint. 

The Quadriceps extensor includes the four remaining muscles on the front of 
the thigh. It is the great Extensor muscle of the leg, forming a large fleshy 
mass, which covers the front and sides of the femur, being united below into a 
tendon, attached to the patella, and above, subdivided into separate portions 
which have received distinct names. Of these, one occupying the middle of the 
thigh, connected above with the ilium, is called the Rectus femoris, from its 
straight course. The other divisions lie in immediate connection with the shaft 
of the femur, which they cover from the trochanters to the condyles. The 
portion on the outer side of the femur is termed the Vastus externus: that 
covering the inner side, the Vastus internus ; and that in front, the Crureus 

The Rectus femoris is situated in the middle of the anterior region of the 
thigh ; it is fusiform in shape, and its superficial fibres are arranged in a bipenni- 
form manner, the deep fibres running straight down to the deep aponeurosis. It 
arises by two tendons: one, the anterior or straight, from the anterior inferior 
spinous process of the ilium; the other, the posterior or reflected tendon, from a 
groove above the brim of the acetabulum ; the two unite at an acute angle and 
proai into an aponeurosis, which is prolonged downwards on the anterior surface 
of the musele and from which the muscular fibres arise.* The muscle terminates 
in a broad and thick aponeurosis, which occupies the lower two-thirds of its 


* W. R. Williams, in an interesting paper in the Journ. of Anat. and iii 
p- 204, points out that the reflected tendon is the real acl i ened dia ana 
present in early foetal life. The direct tendon is merely an accessory band of condensed 


fascia. The paper will well repay perusal, though in some en 
the text is more generally accurate. : particulars the description in 
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posterior surface, and, gradually becoming narrowed into a flattened tendon, is 
inserted into the patella in common with the Vasti and Crureus. 

Relations.—By its superficial surface, with the anterior fibres of the Gluteus 
minimus, the Tensor fasciæ femoris, the Sartorius, and the Iliacus ; by its lower 
three-fourths, with the fascia lata. By its posterior surface, with the hip-joint, 
the external circumflex vessels, branches of the anterior crural nerve, and the 
Crureus and Vasti muscles. 

The Vastus externus is the largest part of the Quadriceps extensor. It arises 
by a broad aponeurosis, which is attached to the upper half of the anterior inter- 
trochanteric line, to the anterior and inferior borders of the root of the great 
trochanter, to the outer lip of the gluteal ridge, and to the upper half of the outer 
lip of the linea aspera: this aponeurosis covers the upper three-fourths of the 
muscle, and from its inner surface many fibres take origin. A few additional 
fibres arise from the tendon of the Gluteus maximus, and from the external 
intermuscular septum between the Vastus externus and short head of the Biceps. 
The fibres form a large fleshy mass, which is attached to a strong aponeurosis, 
placed on the under surface of the muscle at its lower part: this becomes 
contracted and thickened into a flat tendon, which is inserted into the outer 
border of the patella, blending with the great Extensor tendon, and giving an 
expansion to the capsule of the knee-joint. 

Relations.—By its superficial surface, with the Rectus, the Tensor fascix 
femoris, the fascia lata, and the tendon of the Gluteus maximus, from which it is 
separated by a synovial bursa. By its deep surface, with the Crureus, some 
large branches of the external circumflex artery and anterior crural nerve being 
interposed. 

The Vastus internus and Crureus appear to be inseparably united, but when 
the Rectus femoris has been reflected a narrow interval will be observed extending 
upwards from the inner border of the patella between the two muscles. Here 
they can be separated, and the separation should be continued upwards as far as 
the lower part of the anterior intertrochanteric line, where, however, the two 
muscles are frequently continuous. 

The Vastus internus arises from the lower half of the anterior intertrochanteric 

line, the spiral line, the inner lip of the linea aspera, the upper part of the 
internal supracondylar line, and the tendons of the Adductor longus and Adductor 
magnus and internal intermuscular septum. Its fibres are directed downwards 
and forwards, and are chiefly attached to an aponeurosis which lies on the deep 
surface of the muscle and is inserted into the inner border of the patella and the 
Quadriceps extensor tendon, an expansion being sent to the capsule of the knee- 
joint. 
The Crureus arises from the front and outer aspect of the shaft of the femur 
in its upper two-thirds and from the lower part of the external intermuscular 
septum. Its fibres end in a superficial aponeurosis, which forms the deep part of 
the Quadriceps extensor tendon. l 

Relations.—The inner edge of the Crureus is in contact with the anterior edge 
of the Vastus internus, but when separated from each other, as directed above, the 
latter muscle is seen merely to overlap the inner aspect of the femoral shaft 
without taking any fibres of origin from it. The Vastus internus is partly covered 
by the Rectus and Sartorius, but where these separate near the knee it becomes 
superficial, and produces a well-marked prominence above the inner aspect of the 
knee. In the middle third of the thigh it forms the outer wall of Hunter's canal, 
which contains the femoral vessels and the long saphenous nerve—the roof of the 
canal being formed by a strong fascia (derived from the membranous expansion 
of the fascia lata, which lies beneath the Sartorius) which extends from the 
Vastus internus to the Adductores longus and magnus. The Crureus is almost 
completely hidden by the Rectus femoris and Vastus externus. The deep surface 
of the two muscles is in relation to the femur and Subcrureus muscle. A synovial 
bursa is situated between the femur and the portion of the Quadriceps extensor 
tendon above the patella; in the adult it usually communicates with the synovial 
cavity of the knee-joint. i ' 

The tendons of the different portions of the Quadriceps extensor unite at the 
lower part of the thigh, so as to form a single strong tendon, which is inserted 
into the upper part of the patella, some few fibres passing over it to blend with 


the Ligamentum patelle. More properly, the patella may be regarded as a 
NN 2 
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sesamoid bone, developed in the tendon of the Quadriceps ; and the Ligamentum 
patellæ, which is continued from the lower part of the patella to the tuberosity 
of the tibia, as the proper tendon of insertion of the muscle, the lateral patellar 
ligaments (see page 403) being fascial expansions from its borders. A synovial 
bursa is interposed between the tendon and the upper part of the front of the 
tibia; and another, the pre-patellar bursa, is placed over the patella itself. This 
latter bursa often becomes enlarged, constituting ‘housemaid’s knee.’ 

The Suberureus is a small muscle, usually distinct from the Crureus, but 
occasionally blended with it, which arises from the anterior surface of the 
lower part of the shaft of the femur, and is inserted into the upper part of the 
synovial membrane of the knee-joint. It sometimes consists of several separate 
muscular bundles. 

Nerves.—The Tensor fasciæ femoris is supplied by the fourth and fifth 
lumbar and first sacral nerves through the superior gluteal nerve; the other 
muscles of this region, by the second, third, and fourth lumbar nerves, through 
branches of the anterior crural. 

Actions.—The Tensor fascia femoris is a tensor of the fascia lata ; continuing 
its action, the oblique direction of its fibres enables it to abduct and to rotate the 
thigh inwards. In the erect posture, acting from below, it will serve to steady 
the pelvis upon the head of the femur; and by means of the ilio-tibial band it 
steadies the condyles of the femur on the articular surfaces of the tibia, and 
assists the Gluteus maximus in supporting the knee in the extended position. 
The Sartorius flexes the leg upon the thigh, and, continuing to act, flexes the 
thigh upon the pelvis; it next abducts and rotates the thigh outwards. It was 
formerly supposed to adduct the thigh, so as to cross one leg over the-other, and 
hence received its name of Sartorius, or tailor’s muscle (sartor, a tailor), because 
it was supposed to assist in crossing the legs in the squatting position. When 
the knee is bent, the Sartorius assists the Semitendinosus, Semimembranosus, 
and Popliteus in rotating the tibia inwards. Taking its fixed point from the leg, 
it flexes the pelvis upon the thigh, and, if one muscle acts, assists in rotating the 
pelvis. The Quadriceps extensor extends the leg upon the thigh. The Rectus 
muscle assists the Psoas and Iliacus in supporting the pelvis and trunk upon the 
femur. It also assists in flexing the thigh on the pelvis, or if the thigh is fixed it 
will flex the pelvis. The Vastus internus draws the patella inwards as well as 
upwards. 

Surgical Anatomy.—A few fibres of the Rectus muscle are occasionally ruptured from 
severe strain. This accident is especially liable to occur during the games of football and 
cricket, and is sometimes known as ‘cricket thigh.’ The patient experiences a sudden 
pain in the part, as if he had been struck, and the Rectus muscle stands out and is felt 
to be tense and rigid. The accident is often followed by considerable swelling from 
inflammatory effusion. Occasionally the Quadriceps extensor may be torn away from its 
insertion into the patella; or the tendon of the patella may be ruptured about an inch 
above the bone. This accident is caused in the same manner as fracture of the patella by 
muscular action, viz. by a violent muscular effort to prevent falling while the knee is in 
a position of semiflexion. A distinct gap can be felt above the patella, and, owing to 
the retraction of the muscular fibres, union may fail to take place. i 


2. Internal Femoral Region 


Gracilis. Adductor longus. 
Pectineus. Adductor brevis. 
Adductor magnus. 


Dissection.—These muscles are at once exposed by removin j 

; A g the fascia from the fore 
part and inner side of the thigh. The limb should be abduct 

muscles tense and easier of dissection. ucted, so as to render the 


The Gracilis (figs. 445, 448) is the most superficial muse 
of the thigh. It is thin and flattened, broad in narrow a vac tae 
It arises by a thin aponeurosis from the lower half of the margin of the s h hysis 
and the anterior half of the pubic arch. The fibres pass vertically Jonn 
and terminate in a rounded tendon, which passes behind the internal condyle of 
the femur, and, curving round the inner tuberosity of the tibia, becomes flattened 
and is inserted into the upper part of the inner surface of the shaft of the tibia 
below the tuberosity. A few of the fibres of the lower part of the tendon d 
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prolonged into the deep fascia of the leg. The tendon of this muscle is situated 
immediately above that of the Semitendinosus, and its upper edge is overlapped 


by the tendon of the Sartorius with 
which it is in part blended. As it passes 
across the internal lateral ligament of 
the knee-joint, it is separated from it by 
a synovial bursa common to it and the 
Semitendinosus muscle. 

Relations.—By its superficial surface, 
with the fascia lata and the Sartorius 
below; the internal saphenous vein 
crosses it obliquely near its lower part, 
lying superficial to the fascia lata. 
The internal saphenous nerve emerges 
between its tendon and that of the 
Sartorius. By its deep surface, with 
the Adductor brevis and the Adductor 
magnus, and the internal lateral ligament 
of the knee-joint. 

The Pectineus (fig. 445) is a flat, 
quadrangular muscle, situated at the 
anterior part of the upper and inner 
aspect of the thigh. It arises from the 
linea ilio-pectinea, and to a slight extent 
from the surface of bone in front of it, 
between the pectineal eminence and 
spine of the os pubis, and from the 


fascia covering the anterior surface of 


the muscle; the fibres pass downwards, 
backwards, and outwards, to be inserted 
into a rough line leading from the small 
trochanter to the linea aspera. 
Relations.—By its anterior surface, 
with the pubic portion of the fascia lata, 
which separates it from the femoral 
vessels and internal saphenous vein. By 
its posterior surface, with the capsular 
ligament of the hip-joint,.the Adductor 
brevis and Obturator externus muscles, 
the obturator vessels and nerve being 
interposed. a its outer border, with 
the Psoas, a cellular interval separating 
them, through which pass the internal 
circumflex vessels. By its inner border, 
with the margin of the Adductor longus. 
The Adductor longus, the most super- 
ficial of the three Adductors, is a flat 
triangular muscle, lying on the same 
plane as the Pectineus. It arises, by a 
flat, narrow tendon, from the front of 
the os pubis, at the angle of junction of 
the crest with the symphysis; and soon 
expands into a broad fleshy belly, which, 
passing downwards, backwards, and out- 
wards, is inserted, by an aponeurosis, 
into the linea aspera, between the Vastus 
internus and the Adductor magnus, with 
both of which it is usually blended. 
Relations—By its anterior surface, 
with the fascia lata, the Sartorius, and, 
near its insertion, with the femoral artery 





Fig. 446.— Deep muscles of the internal 
femoral region. 


and vein. By its posterior surface, with the Adductor brevis and magnus, the 


anterior division of the obturator nerve, 


and with the profunda artery and vein 
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near its insertion. By its outer border, with the Pectineus. By its inner border, 
with the Gracilis. 


The Pectineus and Adductor longus should now be divided near their origin, and turned 
downwards, when the Adductor brevis and Obturator externus will be exposed. 


The Adductor brevis is situated immediately behind the two preceding 
muscles. It is somewhat triangular in form, and arises by a narrow origin 
from the outer surface of the body and descending ramus of the os pubis, 
between the Gracilis and Obturator externus. Its fibres, passing backwards, 
outwards, and downwards, are inserted, by an aponeurosis, into the line leading 
from the small trochanter to the linea aspera and into the upper part of the 
linea aspera, immediately behind the Pectineus and upper part of the Adductor 
longus. 

elations.—By its anterior surface, with the Pectineus, Adductor longus, 
profunda femoris artery, and anterior division of the obturator nerve. By its 
posterior surface, with the Adductor magnus, and posterior division of the 
obturator nerve. By its outer border, with the internal circumflex artery, the 
Obturator externus, and conjoined tendon of the Psoas and Iliacus. By its 
inner border, with the Gracilis and Adductor magnus. This muscle is pierced, 
near its insertion, by the second or first and second perforating branches of the 
profunda femoris artery. 

The Adductor brevis should now be cut away near its origin, and turned outwards 
when the entire extent of the Adductor magnus will be exposed. 


The Adductor magnus is a large triangular muscle, forming a septum between 
the muscles on the inner and those on the back of the thigh. It arises from a 
small part of the descending ramus of the os pubis, from the ramus of the 
ischium, and from the outer margin of the inferior part of the tuberosity of the 
ischium. Those fibres which arise from the ramus of the os pubis are very 
short, horizontal in direction, and are inserted into the rough line leading from 
the great trochanter to the linea aspera, internal to the Gluteus maximus; those 
from the ramus of the ischium are directed downwards and outwards with 
different degrees of obliquity, to be inserted, by means of a broad aponeurosis, 
into the linea aspera and the upper part of its internal prolongation below. The 
internal portion of the muscle, composed principally of those fibres which arise 
from the tuberosity of the ischium, forms a thick fleshy mass consisting of coarse 
bundles which descend almost vertically, and terminate about the lower third of 
the thigh in a rounded tendon, which is inserted into the adductor tubercle on 
the inner condyle of the femur, being connected by a fibrous expansion to the 
line leading upwards from the tubercle to the linea aspera. At the insertion 
of the muscle, a series of osseo-aponeurotic openings, formed by tendinous arches 
attached to the bone, is seen. The upper four openings are small, and give 
passage to the perforating branches of the profunda femoris artery. The lowest 
is of large size, and transmits the femoral vessels from Hunter's canal to the 
popliteal space. 

Relations.—By its anterior swrface, with the Pectineus, Adductor brevis, 
Adductor longus, and the femoral and profunda vessels and obturator nerve. 
By its posterior surface, with the great sciatic nerve, the Gluteus maximus, 
Biceps, Semitendinosus, and Semimembranosus. By its superior or shortest 
border, it lies parallel with the Quadratus femoris, the internal circumflex artery 
te between them. By its internal or longest border, with the Gracilis, 

artorius, and fascia lata. By its external or attached border, it is inserted into 
the femur behind the Adductor brevis and Adductor longus, which separate 
it from the Vastus internus; and in front of the Gluteus maximus and short 
head of the Biceps, which separate it from the Vastus externus. 

_Nerves.—The three Adductor muscles and the Gracilis are su plied by the 
third and fourth lumbar nerves through the obturator nerve; the Adductor 
magnus receiving an additional branch from the sacral plexus through the great 
sciatic. The Peotineus is supplied by the second, third, and fourth lumbar nerves 
through the anterior crural, and by the accessory obturator, from the third lumbar 
when it exists. Occasionally it receives a branch from the obturator nerve.* ` 


* Paterson describes the Pectineus as consisting of two incom 


of which the outer or dorsal stratum, which is constant, a. eae 


is supplied by the anterior 
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Actions.—The Pectineus and three Adductors adduct the thigh powerfully ; 
they are especially used in horse exercise, the sides of the horse being grasped 
between the knees by the contraction of these muscles. In consequence of the 
obliquity of their insertion into the linea aspera, they rotate the thigh outwards, 
assisting the external Rotators, and when the limb has been abducted, they 
draw it inwards, carrying the thigh across that of the opposite side. The 
Pectineus and Adductor brevis and longus assist the Psoas and Iliacus in flexing 
the thigh upon the pelvis. In progression, also, all these muscles assist in 
drawing forwards the hinder limb. The Gracilis assists the Sartorius in flexing 
the leg and rotating it inwards; it is also an adductor of the thigh. If the lower 
extremities are fixed, these muscles may take their fixed point from below and 
act upon the pelvis, serving to maintain the body in an erect posture ; or, if their 
action is continued, to flex the pelvis forwards upon the femur. 


Surgical Anatomy.—The Adductor longus is liable to be severely strained in those 
who ride much on horseback, or its tendon to be ruptured by suddenly gripping the 
saddle. And, occasionally, especially in cavalry soldiers, the tendon may become ossified, 
constituting the ‘ rider’s bone.’ 


3. Gluteal Regton 


Gluteus maximus. Obturator internus. 
Gluteus medius. Gemellus superior. 
Gluteus minimus. Gemellus inferior. 

Pyriformis. Quadratus femoris. 


Obturator externus. 


Dissection (fig. 447).—The subject should be turned on its face, a block placed beneath 
the pelvis to make the buttocks tense, and the limbs allowed to hang over the end of the 
table, with the foot inverted, and the thigh abducted. Make an incision through the 
integument along the crest of the ilium to the middle of the sacrum and thence downwards 
to the tip of the coccyx, and carry a second incision from that point obliquely downwards 
and outwards to the outer side of the thigh, four inches below the great trochanter. The 
portion of integument included between these incisions is to be removed in the direction 
shown in the figure. 


The Gluteus maximus (fig. 448), the most superficial muscle in the gluteal 
region, is a very broad and thick fleshy mass, of a quadrilateral shape, which 
forms the prominence of the nates. Its large size is one of the most characteristic 
points in the muscular system in man, connected as it is with the power he has 
of maintaining the trunk in the erect posture. In structure the muscle is 
remarkably coarse, being made up of muscular fasciculi lying arallel with one 
another, and collected together into large bundles, separated by deep cellular 
intervals. It arises from the superior curved line of the ilium, and the portion 
of bone, including the crest, immediately above and behind it ; from the posterior 
surface of the lower part of the sacrum, the side of the coccyx; the aponeurosis 
of the Erector spinæ muscle, the great sacro-sciatic ligament, and the fascia 
(gluteal aponeurosis) covering the Gluteus medius. The fibres are directed 
obliquely downwards and outwards ; those forming the upper and larger portion 
of the muscle, together with the superficial fibres of the lower portion, terminate 
in a thick tendinous lamina, which passes across the great trochanter, and is 
inserted into the fascia lata covering the outer side of the thigh; the deeper 
fibres of the lower portion of the muscle are inserted into the rough line leading 
from the great trochanter to the linea aspera between the Vastus externus and 
Adductor magnus. l l 

Three synovial burse are usually found in relation with the deep surface of 
this muscle. One of these, of large size, and generally multilocular, separates 
it from the great trochanter. A second, often wanting, is situated on the 
tuberosity of the ischium. A third is found between the tendon of the muscle 
and the Vastus externus. . ; 

Relations.—By its superficial surface, with a thin fascia, which separates it 
from the subcutaneous tissue. By its deep surface, from above downwards, with 
the ilium, sacrum, coccyx, and great sacro-sciatic ligament, part of the Gluteus 


crural nerve, or in its absence by the accessory obturator, with which it is intimately 
related; while the inner or ventral stratum, when present, is supplied by the obturator 
nerve.—Journal of Anatomy and Physiology, vol. xxv1. p. 43. 
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medius ; - Pyriformis, Gemelli, Obturator internus, Quadratus femoris, the 
tuberosity of the ischium, great trochanter, the origin of the Biceps, Semi- 
tendinosus, Semimembranosus, and Adductor magnus muscles. The superficial 
art of the gluteal artery reaches the deep surface of the muscle by passing 
mean the Pyriformis and the Gluteus medius; the sciatic and internal pudic 
vessels and nerves, and muscular branches from the sacral plexus issue from the 
elvis below the Pyriformis. The first perforating artery and the terminal 
i of the internal circumflex artery are also found under cover of the 
muscle. Its upper border F ae i con- 
—Dissecti nected with the Gluteus medius by the fascia 
Cees Ponies i : lata. Its lower border is free and prominent 
and is crossed by the fold of the nates. 


Dissection.—Divide the Gluteus maximus near 
its origin by a vertical incision carried from its 
upper to its lower border; a cellular interval will 
be exposed, separating it from the Gluteus medius 
and External rotator muscles beneath. The upper 
| portion of the muscle is to be altogether detached, 

t. Dissection of and the lower portion turned outwards; the loose 
gluteal region areolar tissue filling up the interspace between the 
trochanter major and tuberosity of the ischium 

being removed, the parts already enumerated as 

exposed by the removal of this muscle will be seen. 


The Gluteus medius is a broad, thick, radi- 
ating muscle, situated on the outer surface of 
the pelvis. Its posterior third is covered by 
the Gluteus maximus ; its anterior two-thirds 
by the fascia lata, which separates it from the 
superficial fascia and integument. It arises 
2. Popliteal space from the outer surface of the ilium, between the 

superior and middle curved lines, and from 
the outer lip of that portion of the crest which 
is between -them ; it also arises from the dense 
fascia (gluteal aponeurosis) covering its outer 
k Bree surface. The fibres converge to a strong 
flattened tendon, which is inserted into the 
oblique ridge which runs downwards and 
forwards on the outer surface of the great 
trochanter. A synovial bursa separates the 
tendon of the muscle from the surface of the 

trochanter in front of its insertion. 
Relations.—By its superficial surface, with 
5. Sole of foot the Gluteus maximus behind, the Tensor 
fasciæ femoris and deep fascia in front. By 
its deep surface, with the Gluteus minimus, 
deep branches of the gluteal vessels, and the 
superior gluteal nerve. It anterior border is 
blended with the Gluteus minimus. Its 


posterior border lies parallel with the Pyriformis, the superficial branches of the 
gluteal vessels intervening. 


This muscle should now be divide 
Gluteus minimus will be exposed. 


3. Back of thigh 





d near its insertion and turned upwards, when the 


The Gluteus minimus, the smallest of the three Glutei, is placed immediately 
beneath the preceding. Itis fan-shaped, arising from the outer surface of the 
ilium, between the middle and inferior curved lines, and behind, from the 
margin of the great sacro-sciatic notch : the fibres converge to the deep surface 
af a radiated aponeurosis, which, terminating in a tendon, is inserted into an 
pe ramion > ee oo border p the great trochanter, and gives an expansion 

O the capsule of the hip-joint. synovial bursa is int 

soudon i the great trochanter. 2 F ai i i 
ations. —By its superficial surface, with the Gluteus mediu d 

gluteal vessels and superior gluteal nerve. > By its deep surface, with a 


the reflected tendon of the 
Rectus femoris, and capsular 
ligament of the hip-joint. Its 
anterior margin is blended 
with the Gluteus medius. Its 
posterior margin is in contact 
and sometimes joined with 
the tendon of the Pyriformis. 
The Pyriformis is a flat 
muscle, pyramidal in shape, 
lying almost parallel with 
the posterior margin of the 
Gluteus medius. It is situ- 
ated partly within the pelvis 
against its posterior wall, 
and partly-at the back of the 
hip-joint. It arises from the 
front of the sacrum by three 
fleshy digitations, attached to 
the portions of bone between 
the first, second, third, and 
fourth anterior sacral fora- 
mina, and also from the 
grooves leading from the 
foramina: a few fibres also 
arise from the margin of the 
great sacro-sciatic foramen, 
and from the anterior sur- 
face of the great sacro-sciatic 
ligament. The muscle passes 
out of the pelvis through the 
great sacro-sciatic foramen, 
the upper part of which it 
fills, and is inserted by a 
rounded tendon into the 
upper border of the great 
trochanter, behind, but often 
partly blended with, the ten- 
don of the Obturator internus 
and Gemelli muscles. 
Relations. By its ante- 
rior surface, within the pelvis, 
with the Rectum (especially 
on the left side), the sacral 
plexus of nerves, and the 
branches of the internal iliac 
vessels ; external to the pelvis, 
with the posterior surface 
of the ischium and capsular 
ligament of the hip-joint. By 
its posterior surface, within 
the pelvis, with the sacrum ; 
and external to it, with the 
Gluteus maximus. By its 
upper border, with the Glu- 
teus medius, and the gluteal 
vessels and superior gluteal 
nerve. By its lower border, 
with the Gemellus superior 
and Coceygeus; the sciatic 
vessels and nerves, the inter- 
nal pudic vessels and nerve, 
and muscular branches from 
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Fic. 448.— Muscles of the hip and thigh. 
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the sacral plexus, passing from the pelvis in the interval between the two 
muscles. The muscle is frequently pierced by the external popliteal nerve. _ 

The obturator membrane (fig. 360) is a thin layer of interlacing fibres, which 
closes the obturator foramen. It is attached, externally, to the margin of the 
foramen ; internally, to the posterior surface of the ischio-pubic ramus, below 
and internal to the margin of the foramen. It is occasionally incomplete, and 
presents at its upper and outer part a small canal, which is bounded below by a 
thickened band of fibres, for the passage of the obturator vessels and nerve (see 
page 306). Both Obturator muscles are connected with this membrane. 


Dissection.—The next muscle, as well as the origin of the Pyriformis, can only be seen 
when the pelvis is divided and the viscera removed. 


The Obturator internus, like the preceding muscle, is situated partly within 
the cavity of the pelvis, and partly at the back of the hip-joint. It arises from 
the inner surface of the anterior and external wall of the pelvis, where it surrounds 
the greater part of the obturator foramen, being attached to the descending 
ramus of the os pubis and the ramus of the ischium, and at the side to the 
inner surface of the innominate bone below and behind the pelvic brim, reaching 
from the upper part of the great sacro-sciatic foramen above and behind to the 
thyroid foramen below and in front. It also arises from the inner surface of the 
obturator membrane except at its posterior part, from the tendinous arch which 
completes the canal for the passage of the obturator vessels and nerve and to a 
slight extent from the obturator layer of the pelvic fascia, which covers it. The 
fibres ‘converge rapidly, and are directed backwards and downwards, and 
terminate in four or five tendinous bands, which are found on its deep surface ;. 
these bands are reflected at a right angle over the grooved surface of the ischium 
between its spine and tuberosity. This bony surface is covered by smooth cartilage, 
which is separated from the tendon by a synovial bursa, and presents one or 
more ridges which correspond with the furrows between the tendinous bands. 
These leave the pelvis by the lesser sacro-sciatic foramen and unite into a single 
flattened tendon, which passes horizontally outwards, and, after receiving the 
attachment of the Gemelli, is inserted into the fore part of the inner surface 
of the great trochanter in front of the Pyriformis. A synovial bursa, narrow 
and elongated in form, is usually found between the tendon of this muscle 
and the capsular ligament of the hip: it occasionally communicates with the 
bursa between the tendon and the tuberosi ty of the ischium, the two forming 
a single sac. 


In order to display the peculiar appearances presented by the tendon of this muscle, 
it must be divided near its insertion and reflected inwards. 


Relations.— Within the pelvis, this muscle is in relation, by its anterior surface, 
with the obturator membrane and inner surface of the anterior wall of the pelvis ; 
by its posterior surface, with the pelvic and obturator fasciæ, which separate it 
from the Levator ani; and it is crossed by the internal pudic vessels and nerve. 
This surface forms the outer boundary of the ischio-rectal fossa. External to the 
pelvis, it is covered by the Gluteus maximus, crossed by the great sciatic nerve, 
and rests on the back part of the hip-joint. As the tendon of the Obturator 
internus emerges from the lesser sacro-sciatic foramen it is overlapped by the 
two Gemelli, while hearer its insertion the Gemelli pass in front of it and form 
a groove in which the tendon lies. 

The Gemelli are two small muscular fasciculi, accessories to the tendon of 
the Obturator internus, which is received into a groove between them. They 
are called superior and inferior. 

The Gemellus superior, the smaller of the two, arises from the outer surface 
of the spine of the ischium, and passing horizontally outwards becomes blended 
with the upper part of the tendon of the Obturator internus, and is inserted with 
it nip the inner surface of the great trochanter. This muscle is sometimes 
wanting. 

_Relations—By its superficial surface, with the Gluteus maximus and the 
sciatic vessels and nerves. By its.deep surface, with the capsule of the hip-joint. 
By its upper border, with the lower margin of the Pyriformis. By its lower 
border, with the tendon of the Obturator internus. 
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The Gemellus inferior arises from the upper part of the tuberosity of the 
ischium, where it forms the lower edge of the groove for the Obturator internus 
tendon, and, passing horizontally outwards, is blended with the lower part of 
the tendon of the Obturator internus, and inserted with it into the inner surface 
of the great trochanter. 

Relations.—By its superficial surface, with the Gluteus maximus and the 
sciatic vessels and nerves. By its deep surface, with the capsular ligament of 
the hip-joint. By its upper border, with the tendon of the Obturator internus. 
By its lower border, with the tendon of the Obturator externus and Quadratus 

emoris. 

The Quadratus femoris is a short, fiat muscle, quadrilateral in shape (hence 
its name), situated between the Gemellus inferior and the upper margin of the 
Adductor magnus. It arises from the upper part of the external lip of the 
tuberosity of the ischium, and, proceeding horizontally outwards, is inserted 


Fie. 449.—Obturator externus muscle. 
(From a preparation in the museum of the Royal College of Surgeons of England.) 
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into the upper part of the linea quadrata—that is, the line which crosses the 
posterior intertrochanteric line. A synovial bursa is often found between the 
under surface of this muscle and the small trochanter, which it covers. 
Relations.—By its posterior surface, with the Gluteus maximus and the sciatic 
vessels and nerves. By its anterior surface, with the tendon of the Obturator 
externus and small trochanter, and with the capsule of the hip-joint. By its 
upper border, with the Gemellus inferior. Its lower border is separated from the 
Adductor magnus by the terminal branches of the internal circumflex vessels. 


Dissection.—In order to expose the next muscle (the Obturator externus), it is necessary 
to remove the Psoas, Iiacus, Pectineus, and Adductores brevis and longus muscles from 
the front and inner side of the thigh; and the Gluteus maximus and Quadratus femoris 
from the back part. Its dissection should, consequently, be postponed until the muscles 
of the anterior and internal femoral regions have been examined. 


The Obturator externus (fig. 449) is a flat, triangular muscle, which covers 
the outer surface of the anterior wall of the pelvis. It arises from the margin of 
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bone immediately around the inner side of the obturator foramen, viz. from the 
body and ramus of the os pubis, and the ramus of the ischium ; it also arises 
from the inner two-thirds of the outer surface of the obturator membrane, and 
from the tendinous arch which completes the canal for the passage of the 
obturator vessels and nerves. The fibres from the pubic arch extend on to the 
inner surface of the bone, from which they obtain a narrow origin between the 
margin of the foramen and the attachment of the membrane. The fibres con- 
verging pass backwards, outwards, and upwards, and terminate in a tendon 
which runs across the back part of the hip-joint, and is inserted into the digital 
fossa of the femur. | l t 

Belations.—By its anterior surface, with the Psoas, Iliacus, Pectineus, 
Adductor magnus, and Adductor brevis; and more externally, with the neck 
of the femur and capsule of the hip-joint. The obturator artery and vein lie 
between this muscle and the obturator membrane; the superficial part of the 
obturator nerve lies above the muscle, and the deep branch perforates it. By its 
posterior surface, with the obturator membrane and Quadratus femoris. 

Nerves.—The Gluteus maximus is supplied by the fifth lumbar and first and 
second sacral nerves through the inferior gluteal nerve from the sacral plexus ; 
the Gluteus medius and minimus, by the fourth and fifth lumbar and first sacral 
nerves through the superior gluteal; the Pyriformis is supplied by the first and 
second sacral nerves; the Gemellus inferior and Quadratus femoris by the last 
lumbar and first sacral nerve ; the Gemellus superior and Obturator internus by 
the first, second, and third sacral nerves, and the Obturator externus by the third 
and fourth lumbar nerves through the obturator. l 

Actions.—The Gluteus maximus, when it takes its fixed point from the pelvis, 
extends the femur and brings the bent thigh into a line with the body. Taking 
its fixed point from below, it acts upon the pelvis, supporting it and the trunk _ 
upon the head of the femur, which is especially obvious in standing on one leg. 
Its most powerful action is to cause the rig to regain the erect position after 
stooping, by drawing the pelvis backwards, being assisted in this action by the 
Biceps, Semitendinosus, and Semimembranosus. The Gluteus maximus is a 
tensor of the fascia lata, and by its connection with the ilio-tibial band it 
steadies the femur on the articular surface of the tibia during standing, when 
the Extensor muscles are relaxed. The lower part of the muscle also acts as an 
adductor and external rotator of the imb. The Gluteus medius and minimus 
abduct the thigh, when the limb is extended, and are principally called into 
action in supporting the body on one limb, in conjunction with the Tensor 
fascise femoris. Their anterior fibres, by drawing the great trochanter forwards, 
rotate the thigh inwards, in which action they are also assisted by the Tensor 
fascia femoris. The remaining muscles are powerful rotators of the thigh out- 
wards. In the sitting posture, when the thigh is flexed upon the pelvis, their 
action as rotators ceases, and they become abductors, with the exception of the 
Obturator externus, which still rotates the femur outwards. 


4. Posterior Femoral Region 


Biceps. Semitendinosus. Semimembranosus. 
(Hamstring muscles.) 


Dissection (fig. 447).—Make a vertical incision along the middle of the back of the 
thigh, from the lower fold of the nates to about three inches below the back of the knee- 
joint, and there connect it with a transverse incision, carried from the inner to the outer 
side of the leg. Make a third incision transversely at the junction of the middle with the 
lower third of the thigh. The integument having been removed from the back of the 
knee, and the boundaries of the popliteal space examined, the removal of the integument 
from the remaining part of the thigh should be continued, when the fascia and muscles of 
this region will be exposed. 


_ The Biceps (Biceps flexor cruris) is a large muscle, of considerable length 
situated on the posterior and outer aspect of the thigh (fig. 448). It has io 
heads of origin: one, the long head, from the lower and inner impression on 
the back part of the tuberosity of the ischium, by a tendon common to it and the 
Semitendinosus, and from the lower part of the great sacro-sciatic ligament ; 
the other, or short head, from the outer lip of the linea aspera, between the 
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Adductor magnus and Vastus externus, extending up almost as high as the 
insertion of the Gluteus maximus ; from the outer prolongation of the linea aspera 
to within two inches of the outer condyle; and from the external intermuscular 
septum. The fibres of the long head form a fusiform belly, which, passing 
obliquely downwards and a little outwards, terminates in an aponeurosis which 
covers the posterior surface of the muscle, and receives the fibres of the short 
head: this aponeurosis becomes gradually contracted into a tendon, which is 
inserted into the outer side of the head of the fibula, and by a small slip into the 
lateral surface of the external tuberosity of the tibia. At its insertion the tendon 
divides into two portions, which embrace the long external lateral ligament of 
the knee-joint. From the posterior border of the tendon a thin expansion is 
given off to the fascia of the leg. The tendon of this muscle forms the outer 
hamstring. 

Relations.—By its superficial surface, with the Gluteus maximus, and the 
small sciatic nerve, the fascia lata, and integument. By its deep surface, with 
the Semimembranosus, Adductor magnus, and Vastus externus, the great sciatic 
nerve, and, near its insertion, with the external head of the Gastrocnemius, 
Plantaris, the superior external articular artery, and the external popliteal 
nerve. 

The Semitendinosus, remarkable for the great length of its tendon, is situated 
at the posterior and inner aspect of the thigh. It arises from the lower and inner 
impression on the tuberosity of the ischium, by a tendon common to it and the 
long head of the Biceps; it also arises from an aponeurosis which connects the 
adjacent surfaces of the two muscles to the extent of about three inches after 
their origin. It forms a fusiform muscle, which, passing downwards and inwards, 
terminates a little below the middle of the thigh in a long round tendon which 
lies along the inner side of the popliteal space, then curves around the inner 
tuberosity of the tibia, and is inserted into the upper part of the inner surface of 
the shaft of that bone, m as far forwards as its anterior border. At its 
insertion it gives off from its lower border a prolongation to the deep fascia of 
the leg. This tendon lies behind the tendon of the Sartorius, and below that 
of the Gracilis, to which it is united. A tendinous intersection is usually 
observed about the middle of the musele. 

Relations. —By its superficial hi with the Gluteus maximus and fascia 
lata. By its deep surface, with the Semimembranosus, Adductor magnus, inner 
head of the Gastrocnemius, and internal lateral ligament of the knee-joint, the 
last bein separated from the tendon by a bursa. 

The Semimembranosus, so called from its membranous tendon of origin, is 
situated at the back part and inner side of the thigh. It arises bya thick tendon 
from the upper and outer impression on the back part of the tuberosity of the- 
ischium, above and to the outer side of the Biceps and Semitendinosus, and is 
inserted into the groove on the inner and back part of the inner tuberosity of the 
tibia. The tendon of the muscle at its origin y y into an aponeurosis, which 
covers the upper part of its anterior surface : from this aponeurosis muscular 
fibres arise, and converge to another aponeurosis which covers the lower part of 
its posterior surface and contracts into the tendon of insertion. The tendon of 
the muscle at its insertion gives off certain fibrous expansions: one of these, 
of considerable size, passes upwards and outwards to be inserted into the back 
part of the outer condyle of the femur, forming part of the posterior ligament 
of the knee-joint; a second is continued downwards to the fascia which covers 
the Popliteus muscle ; while a few fibres join the internal lateral ligament of the 
joint. 
The tendons of the two preceding muscles form the inner hamstrings. 

Relations.—By its superficial surface, with the Gluteus maximus, Semi- 
tendinosus, Biceps, and fascia lata. By its deep surface, with the origin of the 
Quadratus femoris, popliteal vessels, Adductor magnus, and inner head of the 
Gastrocnemius, from which it is separated by a synovial bursa. By its immer 
border, with the Gracilis. By its outer border, with the great sciatic nerve, and 
its internal popliteal branch. d 

Nerves.—-The muscles of this region are supplied by the fourth and fifth lumbar 
and the first, second, and third sacral nerves through the great sciatic nerve. 

Actions.—The hamstring muscles flex the leg upon the thigh. When the 
knee is semiflexed, the Biceps, in consequence of its oblique direction downwards 
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and outwards, rotates the leg slightly outwards; and the Semitendinosus, and 
to a slight extent the Semimembranosus, rotate the leg inwards, assisting the 
Popliteus. Taking their fixed point from below, these muscles serve to support 
the pelvis upon the head of the femur, and to draw the trunk directly backwards, 
as in raising it from the stooping position or in feats of strength, when the body 
is thrown backwards in the form of an arch. When the leg is extended on the 
thigh they limit the amount of flexion of the trunk on the’ lower limbs. 


Surgical Anatomy.—In disease of the knee-joint, contraction of the hamstring tendons 
is a frequent complication ; this causesflexion of the leg, and a partial dislocation of the 
tibia backwards, with a slight degree of rotation outwards, probably due to the action of 
the Biceps muscle. The hamstring tendons occasionally require subcutaneous division in 
some forms of spurious ankylosis of the knee-joint dependent upon permanent contraction 
and rigidity of the Flexor muscles, or from stiffening of the ligamentous and other tissues 
surrounding the joint, the result of disease. This is effected by putting the tendon upon 
the stretch, and inserting a narrow, sharp-pointed knife between it and the skin: the 
cutting edge being then turned towards the tendon, it should be divided, taking care that 
the wound in the skin is not at the same time enlarged. The relation of the external 
popliteal nerve, which lies in close apposition to the inner border of the tendon of the 
Biceps, must always be borne in mind in dividing this tendon ; and probably, in unskilled 
hands, a free incision and exposure of the tendon, before division, is a safer proceeding. 


III. MuscLES anD FAsci# or THE LEG 


The muscles of the leg may be divided into three groups: those on the 
anterior, those on the posterior, and those on the outer side. 


5. Anterior Tibio-fibular Region 


Tibialis anticus. Extensor longus digitorum. 
Extensor proprius hallucis. Peroneus tertius. 


Dissection (fig. 444).—The knee should be bent, a block placed beneath it, and the 
foot kept in an extended position; then make an incision through the integument in the 
middle line of the leg to the ankle, and continue it along the dorsum of the foot to the 
toes. Make a second incision transversely across the ankle, and a third in the same 
direction across the bases of the toes; remove the flaps of integument included between 
these incisions in order to examine the deep fascia of the leg. 


The Deep Fascia of the Leg forms a complete investment to the muscles, but 
is not continued over the subcutaneous surfaces of the bones. It is continuous 
above with the fascia lata, and is attached around the knee to the patella, the 
ligamentum patelle, the tubercle and tuberosities of the tibia, and the head 
of the fibula. Behind, it forms the popliteal fascia, covering in the popliteal 
space ; here it is specially thick, being strengthened by transverse fibres, and is 
perforated by the external saphenous vein. It receives an expansion from the 
tendon of the Biceps on the outer side, and from the tendons of the Sartorius 
Gracilis, and Semitendinosus on the inner side; in front, it blends with the 
periosteum covering the subcutaneous surface of the tibia, and with that coverin 
the head and external malleolus of the fibula ; below, it is continuous with the 
annular ligaments of the ankle. It is thick and dense in the upper and anterior 
part of the leg, and gives attachment, by its deep surface, to the Tibialis anticus 
and Extensor longus digitorum muscles ; but thinner behind, where it covers 
the Gastrocnemius and Soleus muscles. Its deep surface gives off, on the outer 
side of the leg, two strong intermuscular septa, which enclose the Peronei 
muscles, and iy them from the muscles on the anterior and posteri 
tibial regions and several smaller and more slender processes, which R elie 
individual muscles in each region; at the same time a broad transverse inte ‘ 
muscular septum, called the deep transverse fuscia of the leg, intervenes bet h 
the superficial and deep muscles in the posterior tibio-fibular region. yong: 


Remove the fascia by dividing it in the same direction i 
opposite the ankle, where it should be left intact. Comet ited r sument, Gas 


: he removal of th fasci 
from below te th d it j : . : © Tascia 
g elow, opposite the tendons, and detach it in the line of direction of the muscular 
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The Tibialis anticus is situated on the Fic. 450,—Muscles of the front of 
outer side of the tibia; it is thick and fleshy the leg. 
at its upper part, tendinous below. It arises , 
from the outer tuberosity and upper half or 
two-thirds of the external surface of the shaft 
of the tibia; from the adjoining part of the 
interosseous membrane; from the deep sur- 
face of the fascia ; and from the intermuscular 
septum between it and the Extensor longus 
digitorum: the fibres pass vertically down- 
wards, and terminate in a tendon, which is 
apparent on the anterior surface of the muscle 
at the lower third of the leg. After passing 
through the innermost compartment of the 
anterior annular ligament, it is inserted into 
the inner and under surface of the internal 
cuneiform bone, and base of the metatarsal 
bone of the great toe. 

Relations.—By its anterior surface, with 
the fascia, and with the annular ligament. 
By its posterior surface, with the interosseous 
membrane, tibia, ankle-joint, and inner side 
of the tarsus: this surface also overlaps the 
anterior tibial vessels and nerve in the upper 
part of the leg. By its inner surface, with the 
tibia. By its outer surface, with the Extensor 
longus digitorum, and Extensor proprius hal- 
lucis, and the anterior tibial vessels and nerve. 

The Extensor proprius hallucis is a thin, 
elongated, and flattened muscle, situated be- 
tween the Tibialis anticus and Extensor longus 
digitorum. It arises from the anterior surface 
of the fibula for about the middle two-fourths 
of its extent, its origin being internal to that 
of the Extensor longus digitorum; it also 
arises from the interosseous membrane to a 
similar extent. The fibres pass downwards, 
and terminate in a tendon, which occupies the 
anterior border of the muscle, passes through 
a distinct compartment in the lower portion 
of the annular ligament, crosses the anterior 
tibial vessels near the bend of the ankle, and 
is inserted into the base of the last phalanx 
of the great toe. Opposite the metatarso- 
phalangeal articulation, the tendon gives off 
a thin prolongation on each side, which covers 
the surface of the joint. It usually sends an 
expansion, from the inner side of the tendon, 
to be inserted into the base of the first phalanx. 

Relations.—By its anterior surface, with 
the fascia, and the anterior annular ligament. 
By its postertor surface, with the interosseous 
membrane, fibula, tibia, and ankle-joimt. By 
its outer side, with the Extensor longus digi- 
torum above, the dorsalis pedis vessels, anterior 
tibial nerve, and Extensor brevis digitorum 
below. By its inner side, with the Tibialis 
anticus and the anterior tibial vessels above. 
The muscle is external to the anterior tibial 
vessels in the upper part of the leg; but in 
the lower third its tendon crosses over them, 
so that it lies internal to them on the dorsum 
of the foot. 
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The Extensor longus digitorum is an elongated, flattened, penniform muscle, 
situated at the outer part of the front of the leg. It arises from the outer 
tuberosity of the tibia; from the upper three-fourths of the anterior surface 
of the shaft of the fibula; from the interosseous membrane; from the deep 
surface of the fascia: and from the intermuscular septa between it and the 
Tibialis anticus on the inner, and the Peronei on the outer side. The tendon 
passes under the annular ligament in company with the Peroneus tertius, and 
divides into four slips, which run forward on the dorsum of the foot, and are 
inserted into the second and third phalanges of the four lesser toes. The mode 
in which the tendons are inserted is the following: each of the three inner 
tendons, opposite the metatarso-phalangeal articulation, is Joined, on its outer 
side, by a tendon of the Extensor brevis digitorum. Each receives a fibrous 
expansion from the Interossei and Lumbricales, and then spreads out into a 
broad aponeurosis, which covers the dorsal surface of the first phalanx: this 
aponeurosis, at the articulation of the first with the second phalanx, divides 
into three slips, a middle one, which is inserted into the base of the second 
phalanx; and two lateral slips, which, after uniting on the dorsal surface of 
the second phalanx, are continued onwards, to be inserted into the base of the 
third, 

Relations.--By its anterior surface, with the fascia and the annular ligament. 
By its posterior surface, with the fibula, interosseous membrane, ankle-joint, and 
Extensor brevis digitorum. By its inner side, with the Tibialis anticus, Extensor 
proprius hallucis, and anterior tibial vessels and nerve. By its outer side, with 
the Peroneus longus and brevis. 

The Peroneus tertius is a part of the Extensor longus digitorum, and might 
be described as its fifth tendon. The fibres belonging to this tendon arise from 
the lower third or more of the anterior surface of the fibula; from the lower part 
of the interosseous membrane ; and from an intermuscular septum between it 
and the Peroneus brevis. The tendon, after passing through the same canal in 
the annular ligament as the Extensor longus digitorum, is inserted into the 
dorsal surface of the base of the metatarsal bone of the little toe. This muscle 
is sometimes wanting. 

Nerves.—These muscles are supplied by the fourth and fifth lumbar and first 
sacral nerves through the anterior tibial nerve. 

Actions.—The Tibialis anticus and Peroneus tertius are the direct flexors of 
the foot at the ankle-joint ; the former muscle, when acting in conjunction with 
the Tibialis posticus, raises the inner border of the foot (i.e. inverts the foot) ; and 
the latter, acting with the Peroneus brevis and longus, raises the outer border of 
the foot (i.e. everts the foot). The Extensor longus digitorum and Extensor 
proprius hallucis extend the phalanges of the toes, and, continuing their action, 
flex the foot upon the leg. Taking their fixed point from below, in the erect 
posture, all these muscles serve to fix the bones of the leg in the perpendicular 
position, and give increased strength to the ankle-joint. 


6. Posterior Tibio-fibular Region 


Dissection (fig. 447).—Make a vertical incision along the middle line of the back of 
the leg, from the lower part of the popliteal space to the heel, connecting it e by a 
transverse incision extending between the two malleoli; the flaps of integument being 
removed, the fascia and muscles should be examined. 


The muscles in this region of the leg are subdivided into two layers—superficial 
and deep. Those of the superficial layer constitute a powerful muscular mass, 
ori ea of ae leg. Their large size is one of the most characteristic 
eatures of the muscular apparatus in man, and bears a direct j i 
ordinary attitude and mode of progression. ANENG ES 


Superficial Layer 
Gastrocnemius. Soleus. Plantaris. 


The Gastrocnemius is the most superficial muscle, and forms 
? | , the i 
the calf. It arises by two heads, which are connected to the conden ee: 
by two strong flat tendons, The inner and larger head takes its origin from a 
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depression at the upper and back př of the inner condyle and from the adjacent 


part of the femur. The outer hea 


arises from an impression on the outer side 


of the external condyle and from the posterior surface of the femur immediately 
above the outer part of the condyle. Both heads, also, arise from the subjacent 


part of the capsular ligament of the 
knee. Each tendon spreads out into an 
aponeurosis, which covers the posterior 
surface of that portion of the muscle to 
which it belongs. From the anterior 
surface of these tendinous expansions, 
muscular fibres are given off; those of 
the inner head being thicker and ex- 
tending lower than those of the outer. 
The fibres in the median line unite 
at an angle in a median tendinous raphé, 
which expands into a broad aponeurosis 
on the anterior surface of the muscle, 
and into this the remaining fibres are 
inserted. The aponeurosis, gradually 
contracting, unites with the tendon of 
the Soleus, and forms with it the tendo 
Achillis. 

Relations.— By its superficial surface, 
with the fascia of the leg, which sepa- 
rates it from the external saphenous 
vein and nerve. By its deep surface, 
with the posterior ligament of the knee- 
joint, the Popliteus, Soleus, Plantaris, 
popliteal vessels, and internal popliteal 
nerve. Beneath the tendon of the inner 
head is a synovial bursa, which, in some 
cases, communicates with the cavity of 
the knee-joint. The tendon of the outer 
head sometimes contains a sesamoid 
fibro-cartilage or bone, where it plays 
over the corresponding outer condyle ; 
and one is occasionally found in the 
tendon of the inner head. 


The Gastrocnemius should be divided 
across, just below its origin, and turned 
downwards, in order to expose the next two 
muscles. 


The Soleus is a broad flat muscle 
situated immediately beneath the Gas- 
trocnemius. It has received its name 
from its resemblance in shape to a sole- 
fish. It arises by tendinous fibres from 
the back part of the head of the fibula, 
and from the upper third of the posterior 
surface of its shaft ; from the oblique line 
of the tibia, and from the middle third 
of its internal border; some fibres also 
arise from a tendinous arch placed be- 
tween the tibial and fibular origins of 
the muscle, beneath which the popliteal 
vessels and internal popliteal nerve run. 
The fibres pass bed ea to an apo- 


Fic. 451.—Muscles of the back of the leg 
Superficial layer. 


a) Py, 
j 


4 
| 
f 
3 
, 


‘ + 
Me nan. ~ Th: he ` utd a. 
vin} fi IRRA, \ NIRE: 
4 ear) iat \ Cea |] 
if IN Y i g 


4 hyo pty \ 
f H 
y h" j WX I 
eg! \ xX 
Cay ES 
j 


‘Il. l We Yh: DE A 
TE FE ANN y) 
S Vi NA MY { s i { 
ae A N 
y ELE LI TA $ f Fi Wh q 


fir, 






x 

= 

& 

S 4 
2 Š 3 
SUS 
mo 3 © 
FEJ 

Ss 
ed 

SE 
a Š paei Tenduns of 
5 Peroneus longus 
S and brevis 
y 

> 

b | 

R 

© 

Š 

Ee 


neurosis which covers the posterior surface of the muscle, and this gradually 
becoming thicker and narrower, joins with the tendon of the Gastrocnemius, and 


forms with it the tendo Achillis. 


Relations.— By its superficial surface, with the Gastrocnemius and Plantaris. 
By its deep surface, with the Flexor longus digitorum, Flexor longus hallucis, 


O O 
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Tibialis posticus, and posterior tibial vessels and nerve, from which it 1s 


separated by the transverse intermuscular septum or deep transverse fascia of 
the leg. , 

The tendo Achillis, the common tendon of the Gastrocnemius and Soleus, is 
the thickest and strongest tendon in the body. It is about six inches in length, 
and commences near the middle of the leg, but receives fleshy fibres on its 
anterior surface, almost to its lower end. Gradually becoming contracted below, 
it is inserted into the middle part of the posterior surface of the os calcis, 
a synovial bursa being interposed between the tendon and the upper part of 
this surface. The tendon spreads out somewhat at its lower end, so that its 
narrowest part is about an inch and a half above its insertion. The tendon is 
covered by the fascia and the integument, and is separated from the deep 
muscles and vessels by a considerable interval filled up with areolar and adipose 
tissue. Along its outer side, but superficial to it, is the external saphenous 
vein. 

The Plantaris is an extremely diminutive muscle, placed between the Gastro- 
cnemius and Soleus, and remarkable for its long and delicate tendon. It arises 
from the lower part of the outer prolongation of the linea aspera, and from the 
posterior ligament of the knee-joint. It forms a small fusiform belly, about three 
or four inches in length, terminating in a long slender tendon which crosses 
obliquely between the two muscles of the calf, and, running along the inner 
border of the tendo Achillis, is inserted with it into the posterior part of the os 
calcis. This muscle is sometimes double, and at other times wanting. Occa- 
sionally, its tendon is lost in the internal annular ligament, or in the fascia of 
the leg. 

Nerves.—The Gastrocnemius is supplied by the first and second sacral nerves, 
and the Plantaris by the fourth and fifth lumbar and first sacral nerves through 
the internal popliteal. The Soleus is supplied by the first and second sacral 
nerves through the internal popliteal and posterior tibial. 

Actions.—The muscles of the calf are the chief extensors of the foot at the 
ankle-joint They possess considerable power, and are constantly called into 
use in standing, walking, dancing, and leaping ; hence the large size they usually 
present. In walking, these muscles draw powerfully upon the os calcis, raising 
the heel from the ground ; the body being thus supported on the raised foot, the 
opposite limb can be carried forwards. In standing, the Soleus, taking its fixed 
point from below, steadies the leg upon the foot and prevents the body from 
falling forwards, to which there is a constant tendency from the superincumbent 
weight. The Gastrocnemius, acting from below, serves to flex the femur upon 
the tibia, assisted by the Popliteus. The Plantaris is the rudiment of a large 
musele which exists in some of the lower animals, and is continued over the os 
calcis to be inserted into the plantar fascia. In man it is an accessory to the 
Gastrocnemius, extending the ankle if the foot is free, or bending the knee if the 
foot is fixed. Possibly, acting from below, by its attachment to the posterior 
ligament of the knee-joint, it may pull that ligament backwards during flexion, 
and so protect it from being compressed between the two articular surfaces. 


Deep Layer (fig. 452) 


Popliteus. Flexor longus digitorum. 
Flexor longus hallucis. Tibialis a 


Dissection.—Detach the Soleus from its attachment to the fibula and tibia, and turn 


it downwards, and the deep layer of muscles is exposed 
fascia of the leg. xp , covered by the deep transverse 


The Deep Transverse Fascia of the leg is a transversely placed, interm 
septum, between the superficial and deep muscles in the E ae r nA 
region. On either side it is connected to the margins of the tibia and fibula 
Above, where it covers the Popliteus, it is thick and dense, and receives an 
expansion from the tendon of the Semimembranosus ; it is thinner in the middle 
of the leg ; but below, where it covers the tendons passing behind the malleoli 
it is thickened and continuous with the internal annular ligament. i 


This fascia should now be removed, commencing from belo i 
detaching it from the muscles in the direction of their fibres, Wepre oremectemage 


The Popliteus is a thin, flat, triangular muscle, which forms the lower part of 
the floor of the popliteal space. It arises by a strong tendon about an inch in 
length, from a depression at the anterior part of the popliteal groove on the outer 


side of the external condyle of the femur, and 
to a small extent from the posterior ligament 
of the knee-joint; and is inserted into the 
inner two-thirds of the triangular surface above 
the oblique line on the posterior surface of the 
shaft of the tibia, and into the tendinous ex- 
pansion covering the surface of the muscle. 

Relations.—The tendon of the muscle is 
covered by that of the Biceps and by the 
external lateral ligament of the knee-joint ; it 
grooves the posterior border of the external 
semilunar fibro-cartilage, and is invested by 
the synovial membrane of the knee-joint. The 
fascia, covering the muscle separates it from 
the Gastrocnemius, Plantaris, popliteal vessels, 
and internal popliteal nerve. The deep sur- 
face of the muscle is in contact with the knee- 
joint and back of the tibia. 

The Flexor longus hallucis is situated on 
the fibular side of the leg, and is the largest 
and most superficial of the three next 
muscles. It arises from the lower two-thirds 
of the posterior surface of the shaft of the 
fibula, with the exception of an inch at its 
lowest part ; from the lower part of the inter- 
osseous membrane; from an intermuscular 
septum between it and the Peronei, externally ; 
and from the fascia covering the Tibialis 
posticus internally. The fibres pass obliquely 
downwards and backwards, and terminate in 
a tendon which occupies nearly the whole 
length of the posterior surface of the muscle, 
This tendon lies in a groove on the posterior 
surface of the lower end of the tibia; it then 
grooves the posterior surface of the astragalus, 
and the under aspect of the sustentaculum 
tali of the os calcis, and passes into the sole of 
the foot, where it runs forwards between the 
two heads of the Flexor brevis hallucis, and is 
inserted into the base of the last phalanx of 
the great toe. The grooves on the astragalus 
and os calcis, which contain the tendon of the 
muscle, are converted by tendinous fibres into 
distinct canals, lined by synovial membrane. 
As the tendon passes forwards in the sole of 
the foot, it is situated above, and crosses from 
without inwards, the tendon of the Flexor 
longus digitorum, to which it is connected by 
a tendinous slip. . 

Relations.—By its superficial surface, with 
the Soleus and tendo Achillis, from which it 
is separated by the deep transverse fascia. 
By its deep surface, with the fibula, Tibialis 
posticus, the peroneal vessels, the lower part 
of the interosseous membrane, and the ankle- 
joint. By its outer border, with the Peronel. 


By its inner border, with the Tibialis posticus, 


nerve. 


Fic. 452.—Musoles of the back of 
the leg. Deep layer. 
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and posterior tibial vessels and 


The Flexor longus digitorum ( flexor perforans) is situated on the tibial side of 


the leg. At its origin it is thin and pointed, but gradually increases in size as it 


002 
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descends. It arises from the posterior surface of the shaft of the tibia, from imme- 
diately below the oblique line to within three inches of its extremity, internal to 
the tibial origin of the Tibialis posticus; some fibres also arise from the fascia 
covering the Tibialis posticus. The fibres terminate in a tendon, which runs 
nearly the whole length of the posterior surface of the muscle. This tendon 
passes behind the internal malleolus, in a groove, common to it and the Tibialis 
posticus, but separated from the latter by a fibrous septum ; each tendon being 
contained in a special sheath lined by a separate synovial membrane. It then 
passes obliquely forwards and outwards, superficial to the internal lateral 
ligament into the sole of the foot (fig. 454), where it crosses the tendon of the 
Flexor longus hallucis,* lying on its plantar aspect and receiving from it a strong 
tendinous slip ; it then becomes expanded and is joined by the Flexor accessorius, 
and finally divides into four tendons, which are inserted into the bases of the last 
phalanges of the four lesser toes, each tendon passing through an opening in the 
tendon of the Flexor brevis digitorum opposite the base of the first phalanx. 

Relations.—In the leg: By its superficial surface, with the posterior tibial 
vessels and nerve, and the deep transverse fascia, which separates it from the 
Soleus muscle ; by its deep surface, with the tibia and Tibialis posticus. In the 
foot, it is covered by the Abductor hallucis and Flexor brevis digitorum, and 
crosses superficial to the Flexor longus hallucis. 

The Tibialis posticus -lies between the two preceding muscles, and is the 
most deeply seated of all the muscles in the leg. It commences above by two 
pointed processes, separated by an angular interval, through which the anterior 
tibial vessels pass forwards to the front of the leg. It arises from the whole of 
the posterior surface of the interosseous membrane, excepting its lowest part ; 
from the outer portion of the posterior surface of the shaft of the tibia, between 
the commencement of the oblique line above and the junction of the middle and 
lower third of the shaft below; and from the upper two-thirds of the internal 
surface of the fibula; some fibres also arise from the deep transverse fascia, and 
from the intermuscular septa separating it from the adjacent muscles on either 
side. This muscle, in the lower fourth of the leg, passes in front of the Flexor 
longus digitorum, and terminates in a tendon, which lies in a groove behind 
the inner malleolus, with the tendon of that muscle, but enclosed in a separate 
sheath; it then passes through another sheath, over the internal lateral liga- 
ment into the foot, and then beneath the inferior caleaneo-navicular ligament, 
and is inserted into the tuberosity of the navicular bone. The tendon of this 
muscle contains a sesamoid fibro-cartilage, as it runs under the inferior calcaneo- 
navicular ligament, and gives off fibrous expansions, one of which passes back- 
wards to the sustentaculum tali of the os calcis, others forwards and outwards to 
the three cuneiforms, the cuboid, and the bases of the second, third, and fourth 
metatarsal bones (fig. 455). 

Relations.—_By its superficial surface, with the soleus, from which it is 
separated by the deep transverse fascia, the Flexor longus digitorum, the posterior 
tibial vessels and nerve, and the peroneal vessels. By its deep surface, with the 
interosseous ligament, the tibia, fibula, and ankle-joint. 

Nerves.—The Popliteus is supplied by the fourth and fifth lumbar and first 
sacral nerves, through the internal popliteal; the Flexor longus digitorum and 
Tibialis posticus by the fifth lumbar and first sacral; and the Flexor longus 
hallucis by the fifth lumbar, and first and second sacral nerves through the 
posterior ube ' 

Actions.— The Popliteus assists in flexing the leg upon ich: 
leg is flexed, it will rotate the tibia inwards. ert is e a L E 
the commencement of the act of bending the knee, inasmuch as it produces a 
slight inward rotation of the tibia, which is essential in the early sts of this 
movement. The Tibialis posticus is a direct extensor of the foot at the ankle- 
joint ; acting in conjunction with the Tibialis anticus, it turns the sole of the foot 
inwards (i.e. inverts the foot), antagonising the Peronei, which turn it outwards 
(evert it). In the sole of the foot the tendon of the Tibialis posticus lies directl 
below the inferior caleaneo-navicular li : P CERNY 

elow the inferior caleaneo navicular ligament, and is therefore an im ortant 
factor in maintaining the arch of ths foot. The Flexor longus aigal and 
Flexor longus hallucis are the direct flexors of the phalanges, and, continuing 


* That is, in the order of dissection of the sole of the foot. 
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their action, extend the foot upon the leg; they assist the Gastrocnemius and 
Soleus in extending the foot, as in the act of walking, or in standing on tiptoe. 
In consequence of the oblique direction of the tendon of the long flexor, the toes 
would be drawn inwards, were it not for the Flexor accessorius muscle, which is 
inserted into the outer side of its tendon, and draws it to the middle line of the 
foot during its action. Taking their fixed point from the foot, these muscles 
serve to maintain the upright posture by steadying the tibia and fibula, per- 
pendicularly, upon the ankle-joint. They also serve to raise these bones from 
the oblique position they assume in the stooping posture. 


7. Fibular Region 
Peroneus longus. Peroneus brevis. 


Dissection.—The muscles are readily exposed, by removing the fascia covering their 
surface, from below upwards, in the line of direction of their fibres. 


The Peroneus longus is situated at the upper part of the outer side of the leg, 
and is the more superficial of the two muscles. It arises Írom the head and 
upper two-thirds of the outer surface of the shaft of the fibula, from the deep 
surface of the fascia, and from the intermuscular septa, between it and the 
muscles on the front, and those on the back of the leg: occasionally also by a 
few fibres from the outer tuberosity of the tibia. Between its attachment to the 
head and to the shaft of the fibula there is a small area of bone from which 
no muscular fibres arise ; here the external popliteal nerve passes beneath the 
muscle. It terminates in a long tendon, which runs behind the outer malleolus, 
in a groove common to it and the tendon of the Peroneus brevis, behind which 
it lies, the groove being converted into a canal by a fibrous band, and the 
tendons invested by a common synovial membrane; it then extends obliquely 
forwards across the outer side of the os calcis, below its peroneal tubercle, being 
contained in a separate fibrous sheath, lined by a prolongation of the synovial 
membrane which lines the groove behind the malleolus. Having reached the 
outer side of the cuboid bone, it runs in a groove on the under surface of that 
bone, which is converted into a canal by the long calcaneo-cuboid ligament, and 
is lined by a synovial membrane: the tendon then crosses the sole of the foot 
obliquely, and is inserted into the outer side of the base of the metatarsal bone 
of the great toe and the internal cuneiform bone. Occasionally it sends a slip 
to the base of the second metatarsal bone. The tendon changes its direction at 
two points: first, behind the external malleolus; secondly, on the outer side of 
the cuboid bone; in both of these situations the tendon is thickened, and, in the 
latter, a sesamoid fibro-cartilage, or sometimes a bone, is usually developed in its 
substance. 

Relations.—By its superficial surface, with the fascia and integument ; by its 
deep surface, with the fibula, external popliteal nerve, the Peroneus brevis, os 
calcis and cuboid bones; by its anterior border, with an intermuscular septum, 
which intervenes between it and the Extensor longus digitorum ; by its posterior 
border, with an intermuscular septum, which separates it from the Soleus above 
and the Flexor longus hallucis below. 

The Peroneus brevis lies under cover of the Peroneus longus, and is a shorter 
and smaller muscle. It arises from the lower two-thirds of the external surface 
of the shaft of the fibula, internal to the Peroneus longus ; and from the inter- 
muscular septa, separating it from the adjacent muscles on the front and back 
part of the leg. The fibres pass vertically downwards, and terminate in a tendon, 
which runs in front of that of the preceding muscle, through the same groove 
behind the external malleolus, being contained in the same fibrous sheath, and 
lubricated by the same synovial membrane. It then passes through a separate 
sheath on the outer side of the os calcis, above that for the tendon of the Pero- 
neus longus, the two tendons being here separated by the peroneal tubercle, and 
is finally inserted into the tuberosity at the base of the metatarsal bone of the 
little toe, on its outer side. é 

Relations.—By its superficial surface, with the Peroneus longus and the 
fascia of the leg and foot. By its deep surface, with the fibula and outer side 
of the os calcis. 

Nerves.—The Peroneus longus and brevis are supplied by the fourth and 
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fifth lumbar and first sacral nerves through the musculo-cutaneous branch of 
the external popliteal nerve. l 

pari Peroneus longus and brevis extend the foot upon the leg, in 
conjunction with the Tibialis posticus, antagonising the Tibialis anticus an 
Peroneus tertius, which are flexors of the foot. The Peroneus longus also 
everts the sole of the foot; hence the extreme eversion occasionally observed in 
fracture of the lower end of the fibula, where that bone offers no resistance 
to the action of this muscle. From the oblique direction of the Peroneus longus 
tendon across the sole of the foot it is an important agent in the maintenance 
of the transverse arch of the foot. Taking their fixed point below, the Peronei 
serve to steady the leg upon the foot. This is especially the case in standing 
upon one leg, when the teasancy of the superincumbent weight is to throw 
the leg inwards: the Peroneus longus overcomes this tendency by drawing 
on the outer side of the leg, and thus maintains the perpendicular direction 
of the limb. 


Surgical Anatomy.—The student should now consider the position of the tendons of 
the various muscles of the leg, their relation with the ankle-joint and surrounding blood- 
vessels, and especially their action upon the foot, as their rigidify and contraction give 
rise to one or other of the kinds of deformity known as club foot. The most simple and 
common deformity, and one that is rarely, if ever, congenital, is talipes equinus, the 
heel being raised by rigidity and contraction of the Gastrocnemius muscle, and the patient 
walking upon the ball of the foot. In talipes varus, the foot is forcibly adducted and 
the inner side of the sole raised, sometimes to a right angle with the ground, by the action 
of the Tibialis anticus and posticus. In talipes valgus, the outer edge of the foot is 
raised by the Peronei muszles, and the patient walks on the inner ankle. In talipes 
calcaneus the toes are raised by the Extensor muscles, the heel is depressed and the 
patient walks upon it. Other varieties of deformity are met with, as talipes equino- 
varus, equino-valgus, and calcaneo-valgus, whose names sufficiently indicate their nature. 
Of these, talipes equino-varus is the most common congenital form; the heel is raised 
by the tendo Achillis, the inner border of the foot drawn upwards by the Tibialis anticus, 
the anterior two-thirds twisted inwards by the Tibialis posticus, and the arch increased by 
the contraction of the plantar fascia, so that the patient walks on the middle of the outer 
border of the foot. Each of these deformities may sometimes be successfully relieved 
by division of the opposing tendons and fascia: by this means the foot regains its proper 
position, and the tendons heal by the organisation of lymph thrown out between the 
divided ends. The operation is easily performed by putting the contracted tendon upon 
the stretch, and dividing it by means of a narrow, sharp-pointed knife inserted beneath it. 

Rupture of a few of the fibres of the Gastrocnemius, or rupture of the Plantaris tendon, 
not uncommonly occurs, especially in men somewhat advanced in life, from some sudden 
exertion, and frequently occurs during the game of lawn tennis, and is hence known as 
‘lawn-tennis leg.’ The accident is accompanied by a sudden pain, and produces a sensa- 
tion as if the individual had been struck a violent blow on the part. The tendo Achillis 
is also sometimes ruptured. It is stated that John Hunter ruptured his tendo Achillis 
while dancing, at the age of forty. The bursa beneath the tendo Achillis, between it 
and the posterior surface of the os calcis, sometimes becomes inflamed, especially in 
pedestrians and ‘long-distance’ walkers. It causes great and digabling pain, and entirely 
prevents the sufferer from continuing his walk. 


IV. Musores anp Fascia or tae Foor 


The fibrous bands, or thickened portions of the fascia of the leg, which bind down the 
tendons in front of and behind the ankle in their passage to the foot, should now be 


examined; they are termed the annular ligaments, and are three in number—anterior 
internal, and external. 


The anterior annular ligament consists of a superior or transver j 
which binds down the Extensor tendons as they seni on the ‘aan 
tibia and fibula; and an inferior or Y-shaped portion, which retains them in 
connection with the tarsus, the two portions being connected by a thin inter- 
vening layer of fascia. The transverse portion is attached externally to the 
lower end of the fibula and internally to the tibia ; above, it is continuous with 
the fascia of the leg; it contains one synovial sheath for the tendon of the 
Tibialis anticus ; the other tendons and the anterior tibial vessels and nerve 
passing beneath it, but without any synovial sheath. The Y-shaped portion is 
placed in front of the ankle-joint, the stem of the Y being attached externally 
to the upper surface of the os calcis, in front of the depression for the interosseous 
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ligament ; it is directed inwards, as a double layer, one lamina passing in front, 
and the other behind, the tendons of the Peroneus tertius and Extensor longus 
digitorum. At the inner border of the latter tendon these two layers join 
together, forming a sheath in which the tendons are enclosed, surrounded 
by a synovial membrane. From the inner extremity of this sheath the two 
limbs of the Y diverge: one passes upwards and inwards, to be attached to the 
internal malleolus, passing over the Extensor proprius hallucis and the vessels 
and nerves, but enclosing the Tibialis anticus and its synovial sheath by a 
splitting of its fibres. The other limb extends downwards and inwards to be 
attached to the inner border of the plantar fascia, and passes over the tendons 
of the Extensor proprius hallucis and Tibialis anticus and also the vessels and 
nerves. These two tendons are contained in separate synovial sheaths situated 
beneath the ligament. 

The internal annular ligament is a strong fibrous band, which extends from 
the inner malleolus above to the internal margin of the os calcis below, con- 
verting a series of grooves in this situation into canals, for the passage of the 
tendons of the Flexor muscles and vessels into the sole of the foot. It is 
continuous by its upper border with the deep fascia of the leg, and by its lower 
border with the plantar fascia and the fibres of origin of the Abductor hallucis 
muscle. The four canals which it forms transmit, from within outwards, first, 
the tendon of the Tibialis posticus ; second, the tendon of the Flexor longus 
digitorum ; third, the posterior tibial vessels and nerve, which run through 
a broad space beneath the ligament; lastly, in a canal formed partly by the 
astragalus, the tendon of the Flexor longus hallucis. The canals for the tendons 
are lined by separate synovial membranes. 

The external annular ligament extends from the extremity of the outer 
malleolus to the outer surface of the os calcis : it binds down the tendons of the 
Peroneus longus and brevis muscles in their passage beneath the outer ankle. 
The two tendons are enclosed in one synovial sheath. 


8. Dorsal Region 
Extensor brevis digitorum. 


The fascia on the dorsum of the foot is a thin membranous layer, continuous 
above with the anterior margin of the lower part of the annular ligament; it 
hecomes gradually lost opposite the heads of the metatarsal bones, and on each 
side blends with the lateral portions of the plantar fascia ; it forms a sheath 
for the tendons placed on the dorsum of the foot. On the removal of this 
fascia, the muscle and tendons of the dorsal region of the foot are exposed. 

The Extensor brevis digitorum (fig. 450) is a broad thin muscle, which arises 
from the fore part of the upper and outer surfaces of the os calcis, in front of the 
groove for the Peroneus brevis; from the external calcaneo-astragaloid ligament ; 
and from the common limb of the Y-shaped portion of the anterior annular 
ligament. It passes obliquely across the dorsum of the foot, and terminates in 
four tendons. The innermost, which is the largest, is inserted into the dorsal 
surface of the base of the first phalanx of the great toe, crossing the dorsalis 
pedis artery ; the other three, into the outer sides of the long Extensor tendons 
of the second, third, and fourth toes. 

Relations.—By its superficial surface, with the fascia of the foot, the tendons 
of the Extensor longus digitorum and Peroneus tertius. By its deep surface, with 
the tarsal and metatarsal arteries and bones, and the Dorsal interossei muscles. 

Nerves.—It is supplied by the anterior tibial nerve. 

Actions.—The Extensor brevis digitorum is an accessory to the long 
Extensor, extending the phalanges of the four inner toes, but acting only on 
the first phalanx of the great toe. The obliquity of its direction counteracts the 
oblique movement given to the toes by the long Extensor, so that, both muscles 
acting together, the toes are evenly extended. 


g. Plantar Region 


Dissection of the Sole of the Foot.—The foot should be placed on a high block witli 
the sole uppermost, and firmly secured in that position. Carry an incision round the heel 
and along the inner and outer borders of the foot to the great and little toes, This incision 
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should divide the integument and thick layer of granular fat beneath, until the fascia is 
visible ; the skin and fat should then be removed ‘from the fascia in a direction from 


behind forwards, as seen in fig. 447. 


The planta? fascia is of great strength, and consists of pearly-white glistenin 
fibres, disposed, for the most part, longitudinally: it is divided into a centra 
and two lateral portions. l , 

The central portion, the thickest, is narrow behind and attached to the inner 
tubercle of the os calcis, posterior to the origin of the Flexor brevis digitorum ; 
and becoming broader and thinner in front, divides near the heads of the meta- 
tarsal bones into five processes, one for each of the toes. Each of these processes 
divides opposite the metatarso-phalangeal articulation into two strata, superficial 
and deep. The superficial stratum is inserted into the skin of the transverse 
sulcus which separates the toes from the sole. The deeper stratum divides into 
two slips which embrace the sides of the Flexor tendons of the toes, and blend 
with the sheaths of the tendons, and laterally with the transverse metatarsal 
ligament, thus forming a series of arches through which the tendons of the short 
and long flexors pass to the toes. The intervals left between the five processes 
allow the digital vessels and nerves, and the tendons of the Lumbricales muscles, 
to become superficial. At the point of division of the fascia, numerous transverse 
fibres are superadded, which serve to increase the strength of the fascia at this 
part by binding the processes together, and connecting them with the integument. 
The central portion of the plantar fascia is continuous with the lateral portions 
at each side, and sends upwards into the foot, at their point of junction, two 
strong vertical intermuscular septa, broader in front than behind, which separate 
the middle from the external and internal plantar group of muscles; from these 
again thinner transverse septa are derived, which separate the various layers 
of muscles in this region. The upper surface of this fascia gives attachment 
behind to the Flexor brevis digitorum muscle. 

The lateral portions of the plantar fascia are thinner than the central piece, 
and cover.the sides of the foot. 

The outer portion covers the under surface of the Abductor minimi digiti; 
it is thin in front and thick behind, where it forms a strong band between the 
outer tubercle of the os calcis and the base of the fifth metatarsal bone; it 
is continuous internally with the middle portion of the plantar fascia, and 
externally with the dorsal fascia. 

The inner portion is thin, and covers the under aspect of the Abductor hallucis 
muscle; it is attached behind to the internal annular ligament, and is continuous 
around the side of the foot with the dorsal fascia, and externally with the middle 
portion of the plantar fascia. 

The muscles in the plantar region of the foot may be divided into three 
groups, in a similar manner to those in the hand. Those of the internal plantar 
region are conneeted with the great toe, and correspond with those of the 
thumb; those of the external ` lantar region are connected with the little toe, 
and correspond with those of the little finger; and those of the middle plantar 
region are connected with the tendons intervening between the two former 
groups. But in order to facilitate the dissection of these muscles, it will be 
found more convenient to divide them into four layers, as they present them- 
selves, in the order in which they are successively exposed. 


First Layer 


Abductor hallucis. Flexor brevis digitorum. 
Abductor minimi digiti. 


_ Dissection.—Remove the fascia on the inner and outer sides of the foot, commencing 

in front over the tendons, and proceeding backwards. The central portion should be 

a ea in the middle of the foot, and the two flaps dissected forwards and 
ackwards. 


The Abductor hallucis lies along the inner border of the foot. It arises from 
the inner tubercle on the under surface of the os calcis ; from the internal annular 
ligament; from the plantar fascia covering it; and from the intermuscular 
septum between it and the Flexor brevis digitorum. The fibres terminate in a 
tendon, which is inserted, together with the innermost tendon of the Flexor 
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-j hallucis, into the inner side of the base of the first phalanx of the great 
oe. 

Relations.—By its superficial surface, with the plantar fascia. By its deep 
surface, with the Flexor brevis hallucis, the Flexor accessorius, and the tendons 
of the Flexor longus digitorum and Flexor longus hallucis, the Tibialis anticus 
and posticus, the plantar vessels and nerves. Its outer border is in relation to 
the Flexor brevis digitorum. 

The Flexor brevis digitorum (flexor perforatus) lies in the middle of the 
sole of the foot, immediately beneath* the central part of the plantar fascia, 
with which it is firmly united. It arises 
by a narrow tendinous process, from Fre. 453.—Muscles of the sole of the foot. 
the inner tubercle of the os calcis, First layer. 
from the central part of the plantar | 
fascia, and from the intermuscular septa 
between it and the adjacent muscles. 
It passes forwards, and divides into four 
tendons, one for each of the four outer 
toes. Opposite the bases of the first 
phalanges, each tendon divides into 
two slips, to allow of the passage of 
the corresponding tendon of the Flexor 
longus digitorum; the two portions of 
the tendon then unite and form a grooved 
channel for the reception of the accom- 
panying long Flexor tendon. Finally, 
they divide a second time, to be inserted 
into the sides of the second phalanges 
about their middle. The mode of divi- 
sion of the tendons of the Flexor brevis 
digitorum, and their insertion into the 
phalanges, is analogous to the Flexor 
sublimis digitorum in the hand. 

Relations.—By its superficial sur- 
face, with the plantar fascia. By its deep 
surface, with the Flexor accessorius, the 
Lumbricales, the tendons of the Flexor 
longus digitorum, and the external plan- 
tar vessels and nerve, from which it is 
separated by a thin layer of fascia. The 
outer and inner borders are separated 
from the adjacent muscles by means 
of vertical prolongations of the plantar 
fascia. 

Fibrous sheaths of the Flexor ten- 
dons.— These are not so well marked as 
in the fingers. The Flexor tendons of 
the toes as they run along the phalanges 
are retained against the bones by fibrous 
sheaths, forming osseo - aponeurotic 
canals. These sheaths are formed by 
strong fibrous bands, which arch across 
the tendons, and are attached on each 
side to the margins of the phalanges. 
Opposite the middle of the proximal and 
second phalanges the sheath is very 
strong, and the fibres pass transversely; but opposite the joints it is much 
thinner, and the fibres are directed obliquely. Each sheath is lined by a 
synovial membrane, which is reflected on the contained tendon. | 

The Abductor minimi digiti lies along the outer border of the foot. It arises, 
by a very broad origin, from the outer tubercle of the os calcis, from the under 
surface of the os calcis between the two tubercles, from the fore part of the inner 
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* That is, in the order of dissection of the sole of the foot. 
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tubercle, from the plantar fascia, and the intermuscular septum between 1b and 
the Flexor brevis digitorum. Its tendon, after gliding over a smooth facet on 
the under surface of the base of the fifth metatarsal bone, is inserted, with the 
short Flexor of the little toe, into the outer side of the base of the first phalanx 

of this toe. . 
Relations —By its superficial surface, with the plantar fascia. By its deep 
surface, with the Flexor accessorius, the Flexor brevis minimi digiti, the long 
plantar ligament, and the tendon of the Peroneus longus. On its inner side are 
the external plantar vessels and nerve, 
Fic. 454.—Muscles of the sole of the foot. and it is separated from the Flexor brevis 
Second layer. digitorum by a vertical septum of the 

plantar fascia. 






Dissection.—The muscles of the super- 
ficial layer should be divided at their origin, 
by inserting the knife beneath each, and 
cutting obliquely backwards, so as to detach 
them from the bone; they should then be 
drawn forwards, in order to expose the second 
layer, but not cut away at their insertion. 
The two layers are separated by a thin mem- 
brane, the deep plantar fascia, on the remo- 
val of which is seen the tendon of the Flexor 
longus digitorum, the Flexor accessorius, the 
tendon of the Flexor longus hallucis, and 
the Lumbricales. The long Flexor tendons 
diverge from each other at an acute angle: 
the Flexor longus hallucis runs along the 
inner side of the foot, on a plane superior to 
that of the Flexor longus digitorum, the 
direction of which is obliquely outwards. 
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Second Layer 


Flexor accessorius. 
Lumbricales. 


The Flexor accessorius arises by two 
heads, which are separated from each 
other by the long plantar ligament: 
the inner or larger, which is muscular, 
being attached to the inner concave sur- 
face of the os calcis, below the groove 
which lodges the tendon of the Flexor 
longus hallucis; the outer head, flat and 
tendinous, to the outer border of the 
inferior surface of the os calcis, in front 
of its lesser tubercle, and to the long 
plantar ligament: the two portions join 
af an acute angle, and are inserted into 
the outer margin and upper and under 
surfaces of the tendon of the Flexor 
longus digitorum, forming a kind of 
groove, in which the tendon is lodged.* 

_ Relations.—By its superficial surface, 
a with the muscles of the superficial layer, 
from which it is separated by the external plantar vessels and nerves. By its 
deep surface, with the os ealcis, and long calcaneo-cuboid ligament. 

The Lumbricales are four small muscles, accessory to the tendons of the 
Flexor longus digitorum : they arise from the tendons of the long Flexor, as far 
hack as their angles of division, each arising from two tendons except the 
internal one. Each muscle terminates in a tendon, which passes forwards on 
the inner side of the four lesser toes, and is inserted into the expansion of the 
long Extensor tendon on the dorsum of the first phalanx of the corresponding toe. 


* According to Turner, the fibres of the Flexor accessorius 
which contribute slips tu the second, third, and fourth digits, 
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Dissection.—-The Flexor tendons should be divided at the back part of the foot, and 
ie Flexor accessorius at its origin, and drawn forwards, in order to expose the third 
ayer. 


Third Layer 


Flexor brevis hallucis. Flexor brevis minimi digiti. 
Adductor obliquus hallucis. Adductor transversus hallucis. 


_ The Flexor brevis hallucis arises, by a pointed tendinous process, from the 
inner part of the under surface of the cuboid bone, from the contiguous portion 
of the external cuneiform, and from the 

prolongation of the tendon of the Tibialis Fie. 455.—Muscles of the sole of the foot. 
posticus, which is attached to that bone. Third layor. 

The muscle divides, in front, into two 
portions, which are inserted into the 
Inner and outer sides of the base of the 
first phalanx of the great toe, a sesamoid 
bone being developed in each tendon at 
its insertion. The inner portion of this 
muscle is blended with the Abductor 
hallucis previous to its insertion; the 
outer with the Adductor obliquus hal- 
lucis; the tendon of the Flexor longus 
hallucis lies in a groove between them. 

Relations.—By its superficial surface, 
with the Abductor hallucis and the ten- 
don of the Flexor longus hallucis. By 
its deep surface, with the tendon of the 
Peroneus longus, and metatarsal bone 
of the great toe. By its inner border, 
with the Abductor hallucis. By its 
outer border, with the Adductor obliquus 
hallucis. 

The Adductor obliquus hallucis is a 
large, thick, fleshy mass, passing obliquely 
across the foot, and occupying the hollow 
space between the four inner metatarsal 
bones. It arises from the tarsal ex- 
tremities of the second, third, and fourth 
metatarsal bones, and from the sheath of 
the tendon of the Peroneus longus, and 
is inserted, together with the outer por- 
tion of the Flexor brevis hallucis, into 
the outer side of the base of the first 
phalanx of the great toe. 

The small muscles of the great toe, 
the Abductor, Flexor brevis, Adductor 
obliquus, and Adductor transversus, like 
the similar muscles of the thumb, give 
off fibrous expansions, at their insertions, 
to blend with the long Extensor tendons. 

The Flexor brevis minimi digiti lies 
on the metatarsal bone of the little toe, 
and much resembles one of the Inter- 
ossei. It arises from the base of the 
metatarsal bone of the little toe, and from the sheath of the Peroneus longus ; its 
tendon is inserted into the base of the first phalanx of the little toe on its outer 
side. Occasionally some of the deeper fibres of the muscle are inserted into the 
outer part of the distal half of the fifth metatarsal bone ; these are described by 
some as a distinct muscle, the Opponens minimi digiti. f 

Relations.—By its superficial surface, with the plantar fascia and tendon of 
the Abductor minimi digiti. By its deep surface, with the fifth metatarsal bone. 

The Adductor transversus hallucis (Transversus pedis) is a narrow, flat, mus- 
cular fasciculus, stretched transverscly across the heads of the metatarsal bones, 
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between them and the Flexor tendons. It arises from the inferior metatarso- 
phalangeal ligaments of the three outer toes, sometimes only from the third and 
fourth, and from the transverse ligament of the metatarsus ; and is inserted into 
the outer side of the first phalanx of the great toe ; its fibres being blended with 
the tendon of insertion of the Adductor obliquus hallucis. 

Relations.—By its superficial surface, with the tendons of the long and short 
Flexors and Lumbricales. By its deep surface, with the Interossel. 


Fourth Layer 
The Interossel. 


The Interossei muscles in the foot are similar to those in the hand, with this 
exception, that they are grouped around the middle line of the second toe, instead 
of the middle line of the third finger. They are seven in number, and consist of 
two groups, dorsal and plantar. n 

The Dorsal interossei, four in number, are situated between the metatarsal 
bones. They are bipenniform muscles, arising by two heads from the adjacertt 


Fre. 456.—The Dorsal interossei. Fig. 457.—The Palmar interossei. 
Left foot. Left foot. 





sides of the metatarsal bones between which they are placed ; their tend 
| ; ons are 
inserted into the bases of the first phalanges, and into the aponeurosis of the 
common Extensor tendon. In the angular interval left between the heads of 
each muscle at its posterior extremity, one of the perforating arteries passes to 
the dorsum of the foot; except in the First interosseous muscle, where the 
interval allows the passage of the communicating branch of the dorsalis pedis 
eae’ Ae ath lore 'ntorossoons muscle is inserted into the inner side of 
e second toe; the other three are inserted into th j 
a a e outer sides of the second, 
The Plantar interossei, three in number, lie beneath. rath 
° n er than bet } 
the metatarsal bones. They are single muscles, and are each SONOGRAMA 
but one metatarsal bone. They arise from the bases and inner sides of the shaft 
oui bral ost 7 andrak ahaha bones, and'are inserted into the inner 
sides of the bases of the first phalanges of the same t i i 
of the common Extensor tendon. a mamone 


Nerves.—The Flexor brevis digitorum, the Flexor brevis and Abductor hallucis, 
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and the innermost Lumbrical * are supplied by the internal plantar nerve. All 
the other muscles in the sole of the foot by the external plantar. The first dorsal 
interosseous muscle frequently receives an extra filament from the internal branch 
of the anterior tibial nerve on the dorsum of the foot, and the second dorsal 
interosseous & twig from the external branch of the same nerve. 

Actions.—All the muscles of the foot act upon the toes, and in describing 
their action they may be grouped as Abductors, Adductors, Flexors, or Extensors. 
The Abductors are the Dorsal interossei, the Abductor hallucis, and the Abductor 
minimi digiti. The Dorsal interossei are abductors from an imaginary line passing 
through the axis of the second toe, so that the first muscle draws the second 
toe inwards, towards the great toe; the second muscle draws the same toe out- 
wards; the third draws the third toe, and the fourth draws the fourth toe in the 
same direction. Like the interossei in the hand, each assists in flexing the 
proximal l and extending the two terminal phalanges. The Abductor 
hallucis abducts the great toe from the others, and also flexes the proximal 
phalanx of this toe. And in the same way the action of the Abductor minimi 
digiti is twofold, as an abductor of this toe from the others, and also as a flexor 
of the proximal phalanx. The Adductors are the Plantar interossei, the Adductor 
obliquus hallucis, and the Adductor transversus hallucis. The plantar inter- 
osseous muscles adduct the third, fourth, and fifth toes, towards the imaginary 
line passing through the second toe, and by means of their insertion into the 
aponeurosis of the Extensor tendon they assist in flexing the proximal phalanx 
and extending the two terminal phalanges. The Adductor obliquus hallucis is 
chiefly concerned in adducting the great toe towards the second one, but also 
assists in flexing this toe. The Adductor transversus hallucis approximates all 
the toes and thus increases the curve of the transverse arch of the metatarsus. 
The F'lexors are the Flexor brevis digitorum, the Flexor accessorius, the Flexor 
brevis hallucis, the Flexor brevis minimi digiti, and the Lumbricales. The 
Flexor brevis digitorum flexes the second phalanges upon the first, and, con- 
tinuing its action, flexes the first phalanges also, and brings the toes together. 
The Flexor accessorius assists the long Flexor of the toes and converts the 
oblique pull of the tendons of that musele into a direct backward pull upon the 
toes. The Flexor brevis minimi digiti flexes the little toe and draws its 
metatarsal bone downwards and inwards. The Lumbricales, like the correspond- 
ing muscles in the hand, assist in flexing the proximal phalanx, and by their 
insertion into the long Extensor tendon aid that muscle in straightening the two 
terminal phalanges. The only muscle in the Estensor group is the Extensor 
brevis digitorum. It extends the first phalanx of the great toe and assists the 
long Extensor in extending the next three toes, and at the same time gives to the 
toes an outward direction when they are extended. 


Surface Form.—The skin of the thigh, especially above in the hollow of the groin and 
on the inner side, is thin, smooth, and elastic, and contains few hairs, except in the neigh- 
bourhood of the pubes. Towards the outer side it becomes thicker, and the hairs moro 
numerous. The skin over the buttock is also fairly thick, with low sensibility and 
vascularity. As a rule, it is destitute of conspicuous hairs, except towards the post-anal 
furrow, where, in some males, an abundant development of hair is present. The skin over 
the front of the knee is covered by thickened epidermis ; it is loose and thrown into 
transverse wrinkles when the leg is extended: that of the leg is thin, especially on the 
inner side, and covered with numerous large hairs. On the dorsum of the foot, the skin 
is thin, loosely connected to subjacent parts, and contains few hairs. On the sole, and 
especially the heel, the epidermis is of great thickness, and here, as in the palm of the 
hand, there are no hairs or sebaceous follicles. 

Of the muscles of the thigh, those of the iliac region have no influence on surface 
form, while those of the anterior femoral region, being to a great extent superficial, 
largely contribute to the surface form of this part of the body. The Tensor fascie 
femoris produces a broad elevation immediately below the anterior portion of the crest 
of the ilium and behind the anterior superior spinous process. From its lower border, 
a longitudinal groove, corresponding to the ilio-tibial band, may be seen running 
down the outer side of the thigh to the outer side of the knee-joint. The Sartorius muscle, 
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** Formerly the two inner Lumbricales were described as being supplied by the internal 
plantar nerve. Brooks, however (Journal of Anatomy, vol. xxi. p. 575), in ten dissections 
found that in nine of them only the inner Lumbrica) obtained its nerve supply from this 
source. In the tenth instance the first and second Lumbricales were supplied by both 
external and internal plantar. 
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when it is brought into action by flexing the leg on the thigh, and the thigh on the 
pelvis, and rotating the thigh outwards, presents a well-marked surface form. At its 
upper part, where it constitutes the outer boundary of Scarpa’s triangle, it forms a 
prominent oblique ridge, which becomes changed into a flattened plane below, and this 
gradually merges in a general fulness on the inner side of the knec-joint. When the 
pn is not in action, a depression exists between the Extensor quadriceps and the 
dductor muscles, running obliquely downwards and inwards from the apex of Scarpa’s 
triangle to the inner side of the knee, which corresponds to this muscle. In the depressed 
angle formed by the divergence of the Sartorius and Tensor fascie femoris muscles 
just below the anterior superior spinous process of the ilium, the Rectus femoris muscle 
appears, and, below this, determines to a great extent the convex form of the front of the 
thigh. In a well-developed subject, the borders of the muscle, when in action, can be 
clearly defined. The Vastus externus forms a long flattened ‘plane on the outer side 
of the thigh, traversed by the longitudinal groove formed by the ilio-tibial band. The 
Vastus internus, on the. inner side of the lower half of the thigh, gives rise to a 
considerable prominence, which increases towards the knee and terminates somewhat 
abruptly in this situation with a full, curved outline. The Crureus and SWRA ‘a 
completely hidden, and do not directly influence surface form. The Adduetor nusel s 
constituting the internal femoral group, are not to be indiviaugll distingui ry a fr yA 
each other, with the exception of the upper tendon of the Adductor ist us a | we 
tendop ot the Adductor magnus. ‘The upper tendon of the AiBletor lof “a h 
muscle is in action, stands out as a prominent ridge, which runs: obli iy ae ca: 
et P e fom ee neighbourhood of the pubic spine, and forms jin = 
ned triangular space on the upper part of the front of the thigh, know 
Scarpa’s triangle. The lower tendon of the Adducto: at tlic Cae 
short ridge extending down to the Adductor potas a Henn Bi gee 
Sartorius and Vastus internus. The Adductor ai - y E i pa = 
- åt les fills in the tri lar 
space at the upper part of the thigh, formed bet a th one a 
wall, and to them is due the contour of th mea o oblique Temgsand Sanayi 
largely contributing to the staoothness o Stie. order of the t ioute Sadar 
on the surface from those of the aior aa a ae aoii sok fe = 
sion; but on the outer side of the thigh these latter muscles A: d fi ai A 
externus by a distinct marking, corresponding to the external c on rom the Vastus 
The Gluteus maximus and a part. of the Gluteus medi ee ee ee 
buttock which influence surface form. The other i red t 4 a ony ne ae 
Gluteus minimus, and the External rotators are si let i ees i. ae 
marinus forms the full rounded outline of the buttock it a a 
compressed in front, and terminates at its fendinous M oo ge bemias, 
ay behind the great trochanter. Its lower border does not ai to iti mad 
fold, but is much more oblique, being marked by a line T a ten ond to the gluteal 
coccyx to the junction of the upper with the lower two-third vob tie dai Vag A 
side, From beneath the lower margin of this muscle the He A S a p aea 
at first narrow and not well marked, but, as they descend, b peak g muscles appear, 
widened out, and eventually dividing into two well aa peo ARRO e PI 
upper boundaries of the popliteal space, and arc p i ia ie sagi ca 
outer Hamstring muscles respectively. In the u er x 2 i i Eac 
are not to be individually distinguished from each anes 1 Pacat oie Nesom 
between the Semitendinosus and Semimembranosus is d ; but lower down, the separation 
marking. The external hamstring tendon formed b fin es by a slight intermuscular 
running down to the head of the fibula. The per x e a TE 
Semitendinosus, the Semimembranosus, and the Goat ae tendons comprise the 
rie internal of these, and can be felt, in certain ona a a aplenty i) pe 
e Sememembranosds is thick, and the Gracilis is sit the limb, asia Shap condi; 
te othe me s situated a little farther forwards than 
the muscles on the f ; : | 
surface, but the form of this = i, a anes nd A Penni amiant pagaen ERNO o ie 
Extensor longus digitorum. The Tibialis A ate gai Nicer the Tibie aontieuagi io 
enlargement at the outer side of the tibia, and project i marked, godpresenis oafasifaym 
l'rom the muscular mass, its tendon may be traced d 8 beyond the crest of the shin bone. 
the muscle is in action, on the front of the tibia and x gein p d P 
insertion along the inner border of the foot. A well 7 es ai COTES a alae 
exiaaually fromthe Extensor longue digitorum which fill 0d gyopvosapopates ils aii 
e ke part of the shaft of the tibia and fibula, This cN S of reana Sbe yonk 
of an e as the Tibialis anticus, and its tendon belo ail Sot Me 5° 
ea e i ialis anticus, forms with the latter a sort of Lae as, eee 
lon ie di the Extensor proprius hallucis, A groove m a e ma ta ee 
from wiped seen most plainly when the muscle is in ontenside Ot [he Migu 
th Per sight eminence corresponding to the Peroneus t oa ee ee ee 
dh ay an longus are strongly marked at the upper i ad Tha cee Beem ot 
pecially when the muscle is in action. It forms m ids On ME Outer Kl 
a bold swelling, separated by furrows 
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from the Extensor longus digitorum in front and the Soleus behind. Below, the 
fleshy fibres terminate abruptly in a tendon which overlaps the more flattened form 
of the Peroneus brevis. At the External malleolus the tendon of the Peroneus brevis 
is more marked than that of the Peroneus longus. On the dorsum of the foot the 
tendons of the Extensor muscles, emerging from beneath the anterior annular ligament, 
spread out, and can be distinguished in the following order: the most internal and 
largest is the Tibialis anticus, then the Extensor proprius hallucis; next comes the 
Extensor longus digitorum, dividing into four tendons to the four outer toes; and 
lastly, most externally, is the Peroneus tertius. The flattened form of the dorsum of 
the foot is relieved by the rounded outline of the fleshy belly of the Extensor brevis 
digitorum, which forms a soft fulness on the outer side of the tarsus in front of the 
external malleolus, and by the Dorsal interossei, which bulge between the metatarsal 
bones. At the back of the knee is the popliteal space, bounded above by the tendons of 
the Hamstring muscles; below, by the two heads of the Gastrocnemius. Below this 
space is the prominent fleshy mass of the calf of the leg, produced by the Gastrocnemius 
and Soleus. When these muscles are in action, as in standing on tiptoe, the borders of 
the Gastrocnemius are well defined, presenting two curved lines, which converge to the 
tendon of insertion. Of these borders, the inner is more prominent than the outer. The 
fleshy mass of the calf terminates somewhat abruptly below in the tendo Achillis, which 
stands out prominently on the lower part of the back of the leg. It presents a somewhat 


Fic. 458.—Fracture of the neck of the femur within the capsular ligament. 









~“ 
ENN NNV 
“oppe t ipi n 


w ye 


W / 
a WT 
D NE = s z 


Pyriformis 

| Gemellus superior 
M— Obturator internua 

Gemellus inferior 

Obturator externus 

Quadratus femoris 


tapering form in the upper three-fourths of its extent, but widens out slightly below. 
When the muscles of the calf are in action, the lateral portions of the Soleus may be 
seen, forming curved eminences, of which the outer is the longer, on cither side of the 
Gastrocnemius. Behind the inner border of the lower part of the shaft of the tibia, a 
well-marked ridge, produced by the tendon of the Tibialis posticus, is visible when this 
muscle is in a state of contraction. 

On the sole of the foot the superficial layer of muscles influences surface form; the 
Abductor minimi digiti most markedly. This muscle forms a narrow rounded elevation 
along the outer border of the foot, while the Abductor hallucis does the same, though to 
a less extent, on the inner side. The Flexor brevis digitorum, bound down by the plantar 
fascia, is not very apparent ; it produces a flattened form, covered by the thickened skin 
of the sole, which is here thrown into numerous wrinkles. 

Surgical Anatomy.—The student should now consider the effects produced by the 
action of the various muscles in fractures of the bones of the lower extremity. The more 
common ‘forms of fracture are selected for illustration and description. 

In fracture of the neck of the femur internal to the capsular ligament (fig. 458), the 
characteristic marks are slight shortening of the limb, and eversion of the foot, neither of 
which symptoms occurs, however, in some cases until some time after the injury. The 
eversion is caused by the weight of the limb rotating it outwards. The shortening is 
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produced by the action of the Glutei, and by the Rectus femoris in front, and the Biceps, 
Semitendinosus and Semimembranosus behind. 

In fracture of the femur just below the trochanters (fig. 459), the upper fragment, the 
portion chiefly displaced, is tilted forwards almost at right angles with the pelvis, by the 
combined action of the Psoas and Iliacus ; and, at the same time, everted and drawn out- 
wards by the external rotator and Glutei muscles, causing a marked prominence at the 
upper and outer side of the thigh, and much pain from the bruising and laceration of the 
muscles. The limb is shortened, in consequence of the lower fragment being drawn 
upwards by the Rectus in front, and the Biceps, Semimembranosus and Semitendinosus 
behind; and is, at the same time, everted. This fracture may be reduced by two different 
methods: either by direct relaxation of all the opposing muscles, to effect which the limb 
should be put up in such a manner that the thigh is flexed on the pelvis and the leg on the 
thigh; or a overcoming the contraction of the muscles, by continued extension, which 
may be effected by means of the long splint. 

Oblique fracture of the femur immediately above the condyles (fig. 460) is a formidable 
injury, and attended with considerable displacement. On examination of the limb, the 


Fia. 459.—Fracture of the Fie. 460.—Fracture of the femur Fra. 461.—Fracture of 
femur below the above the condyles. the patella. 
trochanters. 





lower fragment may be felt deep in the poplit 

being drawn backwards by the —— 
Plantaris muscles; and upwards by the hamstring and 
ie Rectus muscles. The pointed end of the upper fragment 
i) Semimembranosus ig drawn inwards by the Pectineus and Adductor muscles 
IH Semitendinosus and tilted forwards by the Psoas and Iliacus, piercin 
the Rectus muscle, and occasionally the rales 
Relaxation of these muscles, and direct approximation 
of the broken fragments, are effected by placing the 
limb on a double inclined plane. The greatest care is 
requisite in keeping the pointed extremity of the upper 
fragment in proper position; otherwise, after union of 
the fracture, the power of extension of the limb is 
aie partially destroyed, from the Rectus muscle being held 

| en of the bone, and from the patella, when elevated. bei $ 
ii am i e a fragment., | — a 

n fracture of the patella (fig. 461) the fragments are i i 
takes place into the joint, and possibly by the action ofthe Genet —_ eljen whigh 
extent of separation of the two fragments depending upon the degree of i eee, ie 
Neagen ion oe around the bone. ea 
In oblique fracture of the shaft of the tibia (fig. 462), i 

obis from above, downwards and ii raa ee = _ o 
pe map ents being drawn backwards and upwards by the powerful action ofthe a th à 
o e ca ; the pointed extremity of the upper fragment projects forwards i Me Be 
eneath the integument, often protruding through it, and rendering the f ae ok, 
pound one. If the direction of the fracture is the reverse of that ni i th ore ck 
pointed extremity of the lower fragment projects forwards, riding upon A ciate a 
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the upper one. By bending the knee, which relaxes the opposing muscles, and making 
extension from the ankle and counter-extension at the knee, the fragments may be 
brought into apposition. It is often necessary, however, in compound fracture, to remove 
a portion of the projecting bone with the saw before complete adaptation can be effected. 


Fre. 462.—Oblique fracture of Fic. 463,-~Fracture of the fibula, with dislocation 
the shaft of the tibia. of the foot outwards—‘ Pott’s fracture.’ 





Fracture of the fibula with dislocation of the foot 
outwards (fig. 463), commonly known as ‘ Pott’s fracture,’ 
is one of the most frequent injuries of the ankle-joint. 
The fibula is fractured about three inches above the ankle; 
in addition to this the internal malleolus is broken off, 
or the deltoid ligament torn through, and the end of the 
tibia displaced from the corresponding surface of the 
astragalus. The foot is markedly everted, and the sharp 
edge of the upper end of the fractured malleolus presses 
strongly against the skin; at the same time, the heel is 
drawn up by the muscles of the calf. This injury can generally be reduced by flexing 
the leg at right angles with the thigh, which relaxes all the opposing muscles, and by 
making extension from the ankle and‘ counter-extension at the knee. 
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THE BLOOD VASCULAR SYSTEM 


TI\HE blood vascular system comprises the heart and blood-vessels with their 
contained fluid, the blood. The composition of the blood and the minute 
anatomy of the blood-vessels have already been considered in the section on 
Histology. 
The Heart is the central organ of the entire system, and consists of a hollow 
muscle; by its contraction the blood is pumped to all parts of the body through 
a complicated series of tubes, termed arteries. The arteries undergo enormous 
ramification in their course throughout the body, and end in very minute vessels, 
called arterioles, which in their turn open into a close-méshed network of micro- 
scopic vessels, termed capillaries. After the blood has passed through the 
capillaries it is collected into a series of larger vessels, called veins, by which it is 
again returned to the heart. The passage of the blood thrédugh the heart and 
blood-vessels constitutes what is termed the circulation of the blood, of which 
the following is an outline. 

The human heart is divided by a septum into two halves, right and left, each 
half being further divided into two cavities, the upper of the two being termed 
the auricle and the lower the rentricle. The heart therefore consists of four 
chambers or cavities, two forming the right half, the right auricle and right 
ventricle, and two the left half, the left auricle and left ventricle. The auricles 
are receiving chambers, and the ventricles distributing ones. The right half of the 
heart contains venous or impure blood; the left, arterial or pure blood. From 
the cavity of the left ventricle the pure blood is carried into a large artery, the 
aorta, through the numerous branches of which it is distributed to all parts of the 
body, with the exception of the lungs. In its passage through the capillaries of 
the body the blood gives up to the tissues the materials necessary for their 
growth and nourishment, and at the same time receives from the tissues the 
waste products resulting from their metabolism, and in doing so becomes 
changed from arterial or Pays blood into venous or impure blood, which is 
collected by the veins and through them returned to the right auricle of the 
heart. From this cavity the impure blood passes into the right ventricle, from 
which it is conveyed through the pulmonary arteries to the lungs. In the 
capillaries of the lungs it again becomes arterialised, and is then carried to the 
left auricle by the pulmonary veins. From this cavity it passes into that of 
the left ventricle, from which the cycle once more begins. 

The course of the blood from the left ventricle through the body generally to 
the right side of the heart constitutes the greater or systemic circulation, while its 
passage from the right ventricle through the lungs to the left side of the heart is 
termed the lesser or pulmonary circulation. 

It is necessary, however, to state that the blood which circulates through the 
spleen, pancreas, stomach, small intestine, and the greater part of the large 
intestine is not returned directly from these organs to the heart, but is collected 
into a large vein, termed the portal vein, by which it is carried to the liver. In 
the liver this vein divides, after the manner of an artery, and ultimately owe in 
capillary a from a“ ae See of a series of veins, called the hepatic 
veins, arise; these ca e blood into the i i i 
to hoaa ry the inferior vena cava, which conveys it 

From this it will be seen that the blood contained in the portal vein passes 


through two sets of capillary vessels : (1) those in th 
&e., dad (2) those in the liver. 0) the spleen, pancreas, stomach, 
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_ Speaking generally, the arteries may be said to contain pure, and the veins 
impure, blood. This is true of the systemic, but not of the pulmonary, vessels, 
since it has been seen that the impure blood is conveyed from the heart to 
the lungs by the pulmonary arteries, and the pure lead returned from the 
lungs to the heart by the pulmonary 

veins. Arteries, therefore, must be Fic. 464.—Diagram to show the course 
defined as vessels which convey blood of the circulation of the blood. 

from the heart, and veins as vessels 
which return blood to the heart. 

The heart and lungs are contained 
within the cavity of the thorax, the 
walls of which afford them protection. 
The heart lies between the two lungs, 
and is there enclosed within a mem- 
branous bag, the pericardium, while 
each lung is invested by a serous 
membrane, the pleura. The skeleton 
of the thorax, and the shape and 
boundaries of the cavity, have already 
been described (page 252 et seq.). 

The cavity of the thorax.—The 
capacity of the cavity of the thorax 
does not correspond with its apparent 
size externally, because (1) the space 
enclosed by the lower ribs is occupied 
by some of the abdominal viscera ; 
and (2) the cavity extends above the 
first rib into the neck. The size of 
the cavity of the thorax is constantly 
varying during life with the move- 
ments of the ribs and Diaphragm, 
and with the degree of distension of 
the abdominal viscera. From the 
collapsed state of the lungs, as seen 
when the thorax is opened, in the 
dead body, it would appear as if the 
viscera only partly filled the cavity of 
the thorax, but during life there is no 
vacant space, that which is seen after 
death being filled up by the expanded 
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e upper opening of the thorax.— 
The parts which pass through the 
upper opening of the thorax are, from 
before backwards in or near the 
middle line, the Sterno-hyoid and 
Sterno-thyroid muscles, the remains of the thymus gland, the inferior thyroid 
veins, the trachea, œsophagus, thoracic duct, and the Longus colli muscles ; 
at the sides, the innominate artery, the left common carotid and left subclavian 
arteries, the internal mammary and superior intercostal arteries, the right and 
left innominate veins, the pneumogastric, cardiac, phrenic, and sympathetic 
nerves, the greater part of the anterior primary division of the first dorsal nerve, 
and the recurrent laryngeal nerve of the leit side. The apex of each lung, 
covered by the pleura, also projects through this aperture, little above the 
margin of the first rib. 

The lower opening of the thorax is wider transversely than from before back- 
wards. It slopes obliquely downwards and backwards, so that the cavity of the 
thorax is much deeper behind than in front. The Diaphragm (see page 479) 
closes in the opening, forming the floor of the thorax. The floor is flatter at the 
centre than at the sides, and is higher on the right side than on the left, corre- 
sponding in the dead body to the upper border of the fifth costal cartilage on 
a former, and to the corresponding part of the sixth costal cartilage on the 
latter. From the highest point on each side the floor slopes suddenly downwards 
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to the attachment of the Diaphragm to the ribs ; this is more marked behind 
than in front, so that only a narrow space is left between it and the posterior 
wall of the thorax. 


THe PERICARDIUM 


The Pericardium (fig. 465) is a conical sero-membranous sac, in which the 
heart and the commencement of the great vessels are contained. It is placed 
behind the sternum, and the cartilages of the third, fourth, fifth, sixth, and 
seventh ribs of the left side, in the interval between the pleure. 

Its apex is directed upwards, and surrounds the great vessels about two 
inches above their origin from the base of the heart. Its dase is attached to the 


Fic. 465.—Posterior wall of the pericardial sac, showing the lines of reflection 
of the serous pericardium on the great vessels. 
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central tendon and to the left part of the adjoining muscular structure of the 
Diaphragm. In front, it is separated from the anterior wall of the thorax, in 
the greater part of its extent, by the lungs and pleuræ ; but a small area, some- 
what variable in extent, and usually corresponding with the left half of the lower 
portion of the gladiolus of the sternum and the inner extremities of the cartilages 
of the fourth and fifth ribs of the left side, comes into direct relationship with the 
chest-wall. The lower extremity of the thymus gland, in the child, is in contact 
with the front of the upper part of the pericardium. Behind, it rests upon the 
bronchi, the cesophagus, and the descending aorta. Laterally, it is covered 
by the pleure, and is in relation to the inner surface of the lungs; the phrenic 
nerve, with its accompanying vessels, descends between the pericardium and 
pleura on either side. 

Structure of the Pericardium.—The pericardium is a fibro-serous membrane 
and consists, therefore, of two layers, an external fibrous and an internal serous. 
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The fibrous layer is a strong, dense membrane. Above, it surrounds the 
great vessels arising from the base of the heart, on which it is continued in the 
form of tubular prolongations, which are gradually ‘lost upon their external 
coats ; the strongest being that which encloses the aorta. It may be traced, 
over these vessels, to become continuous with the deep layer of the cervical 
fascia. In front the pericardium is connected to the posterior surface of the 
sternum by two fibrous bands, the superior and inferior sterno-pericardiac liga- 
ments; the upper passing to the manubrium, and the lower to the ensiform 
cartilage. On each side of the ascending aorta it sends upwards a diverticulum: 
the one on the left side, somewhat conical in shape, passes upwards and 
outwards, between the arch of the aorta and the pulmonary artery, as far as 


Fig. 466.—Front view of the thorax. The ribs and sternum are represented 
in relation to the lungs, heart, and other internal organs. 
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t. Pulmonary orifice. 2. Aortic orifice, 3. Left auriculo-ventricular orifice. 4. Right auriculo-ventricuar orifice. 


the ductus arteriosus, where it terminates in a cecal extremity which is attached 
by loose connective tissue to the obliterated duct. The one on the right side 
passes upwards and to the right, between the ascending aorta and vena cava 
superior, and also terminates in a cecal extremity. Below, the fibrous layer is 
attached to the central tendon of the Diaphragm; and, on the left side, to its 
muscular fibres. l 

The vessels receiving fibrous prolongations from this membrane are, the 
aorta, the superior vena cava, the right and left pulmonary arteries, the four 
pulmonary veins, and the obliterated ductus arteriosus. As the inferior vena 
cava enters the pericardium through the central tendon of the Diaphragm, it 
receives no covering from the fibrous layer. l 

The serous layer invests the heart, and is then reflected on the inner surface 
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of the pericardium. It consists, therefore, of a visceral and parietal portion. 
The former invests the surface of the heart, and the commencement of the great 
vessels; from these it is reflected upon the inner surface of the fibrous layer, 
lining, below, the upper surface of the central tendon of the Diaphragm. The 
serous membrane encloses the sorta and pulmonary artery in a single tube, 
so that a passage, termed the transverse sinus of the pericardium, exists between 
these vessels in front and the auricles behind. The membrane only partially 
covers the superior vena cava and the four pulmonary veins, and scarcely covers 
the inferior cava, as this vessel enters the heart almost directly after it has 
passed through the Diaphragm. Its inner surface ig smooth and glistening, 
and secretes a serous fluid, which serves to facilitate the movements of the heart. 

Arteries of the pericardiwm.— These are derived from the internal mammary 
and its musculo-phrenic branch, and from the descending thoracic aorta. 


Fic. 467.—Showing relations of opened heart to front of chest. 
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Ner wm.— 
and the es Med eae These are branches from the vagus, the phrenic, 
vestigial fold of the pericardiwn.— Between th 
and subjacent pulmonary vein is a triangular fold of epee T 
it is known as the vestigial fold of Marshall. It is formed by the duplicature 
of the serous layer over the remnant of the lower part of the left su err Vv T 
fibro (duct of Cuvier), which, after birth, becomes obliterated, and a k k 
rous band stretching from the left superior intercostal vein to the left kaa 


where it is continuous with a small vein : 
opens into the coronary sinus, , the oblique vein of Marshall, which 


Surgical Anatomy.—Effusions of s 
l Y. erum, pus, or blood may take pl i 
the pericardium, and may require surgical treatment for their meena rn of 
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serous effusion, and possibly also in cases of hemorrhagic extravasation, to relieve urgent 
cardiac distress, paracentesis of the pericardium may be required. As it is advisable to 
perform this operation without transtixing the pleura, the puncture should be made either 
in the fifth or sixth intercostal space on the left side and close to the sternum, so as to avoid 
wounding the internal mammary artery, which descends about half or three-quarters of 
an inch from the sternal margin. Probably of the two the sixth space is to be preferred, 
but the operation is sometimes difficult on account of the extreme narrowness of the 
space. In consequence of the uncertain and varying position of the anterior reflexion 
of the pleura, transfixion of the pleural sac cannot aiways be avoided; and therefore 
Porter has advised that the operation should invariably be performed by open incision. 
Pericardotomy is required when the effusion is of a purulent nature. In order to do this 
it is necessary to excise a portion of the fifth or sixth costal cartilage. An incision is 
made along the left border of the sternum from the upper border of the fourth cartilage 
to the seventh. Transverse incisions an inch long are then made outwards from either 
extremity of this, and the rectangular flap thus formed reflected outwards. The fifth 
costal cartilage is now separated from the sternum by means of a gouge, great care being 
taken not to let the instrument slip and penetrate too deeply. The cartilage is then seized 
with lion forceps and raised, the tissues beneath it being peeled off, so as to avoid wound- 
ing the internal mammary artery or the pleura. The Triangularis sterni is now scratched 
through with a director or the nail of the index finger close to the sternum, and the 
pericardium felt for and opened, the finger guarding the pleura and left internal 
mammary artery. 


THe HEART 


The Heart is a hollow muscular organ of a conical form, placed between the 
lungs, and enclosed in the cavity of the pericardium. 

- Position.—The heart is placed obliquely in the chest: the broad attached end, 
or base, is directed upwards, backwards, and to the right, and corresponds with 
the dorsal vertebra, from the fifth to the eighth inclusive ; the apex is directed 
downwards, forwards, and to the left, and corresponds to the space between the 
cartilages of the fifth and sixth ribs, three-quarters of an inch to the inner side, 
and an inch and a half below the left nipple, or about three and a half inches 
from the middle line of the sternum, The heart is placed behind the lower 
two-thirds of the sternum, and projects farther into the left than into the right 
half of the cavity of the chest, extending from the median line about three 
inches in the former direction, and only one and a half in the latter; about 
one-third of the heart lies to the right and two-thirds to the left of the mesial 
plane. The antero-superior surface of the heart is round and convex, directed 
upwards and forwards, and formed chiefly by the right auricle and ventricle, 
together with a small part of the left ventricle. Its postero-inferior surface, 
which looks downwards rather than backwards, is flattened, and rests mainly 
upon the central tendon of the Diaphragm, but to a slight extent upon the 
muscular structure also. It is formed chiefly by the left ventricle. The right 
border of the heart is long, thin, and sharp, and is formed partly by the right 
auricle above and partly by the right ventricle below. The auricular portion 
is almost vertical, situated behind the costal cartilages of the third, fourth, and 
fifth ribs, about half an inch external to the right border of the sternum: the 
ventricular portion is nearly horizontal, and extends from the extremity of the 
sixth costal cartilage on the right side, behind the lower part of the body of 
the sternum and the sixth costal cartilage of the left side, to the apex of the 
heart. The left border is short, but thick and rounded ; it is formed mainly by 
the left ventricle, and only to a slight extent by the left auricle. It passes from 
the second intercostal space, about an inch from the sternum, obliquely down- 
wards and outwards, with a convexity to the left, to the apex of the heart. 

Size.—The heart, in the adult, measures five inches in length, three inches 
and a half in breadth at the broadest part, and two inches and a half in thickness. 
The prevalent weight, in the male, varies from ten to twelve ounces; in the 
female, from eight to ten: its proportions to the body being as 1 to 169 in 
males; 1 to 149 in females. The heart continues to increase in weight, and 
also in length, breadth, and thickness, up to an advanced period of life: this 
increase is more marked in men than in women. | 

Component Parts.—As has already been stated (page 578), the heart is sub- 
divided by a muscular septum into two lateral halves, which are named 
respectively right and left; and a transverse constriction subdivides each half 
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an into two cavities, the upper cavity being called the auricle, the lower 
a a The heart Fee oni of four chambers, viz.: a right aud 
a left auricle, and a right and a left ventricle. The course of the blood throug 
the heart cavities and blood-vessels has already been described (page 578). l 
The division of the heart into four cavities is indicated by grooves upon its 
surface. The groove separating the auricles from the ventricles is called the 
auriculo-ventricular groove. It is deficient, in front, where it is crossed. by the 
root of the pulmonary artery. It contains the trunks of the nutrient vessels of 
the heart. The auricular portion occupies the base of the heart, and is subdivided 
into two cavities bya septum. The ventricles are also separated by two furrows, 
the interventricular grooves, one of which is situated on the antero-superior, the 
other on the postero-inferior surface ; these extend from the base of the ventricular 
portion to near the apex of the organ; the former being situated nearer to the 
left border of the heart, and the latter to the right. It follows, therefore, that 


Fre. 468.—The right auricle and ventricle laid open, 
the anterior walls of both having been removed. 
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the right ventricle forms the greater portion of the antero-superior surface of the 
heart, and the left ventricle more of its postero-inferior surface. 

Each of these cavities must be examined. 

The Right Auricle is a little larger than the left, its walls somewhat thinner, 
measuring about one line; and its cavity is capable’ of containing about two 
ounces. It consists of two parts : a principal cavity, the atrium or sinus venosus 
situated posteriorly, and an anterior, smaller portion, the appendix auricule. 

The atrium is the large quadrangular cavity placed between the two vens 
caver ; its walls are extremely thin ; it is connected below with the right ventricle 
and internally with the left auricle, being free in the rest of its extent. i 
_ The appendix auricule, so called from its fancied resemblance to a dog’s ear 
is a small conical muscular pouch, the margins of which present a dentated edge. 
i ie from the sinus forwards and to the left side, overlapping the root of 

1e aorta. 


To examine the interior of the right auricle, an incision should b its ri 
e made alon 
border from the entrance of the superior vena cava to t ah a 


hat of the inferior. A second 
cut is to be made from the centre of this first incision to the ti iii - 
E e tip of the auricular appendix, 
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The internal surface of the right auricle is smooth, except in the appendix and 
adjacent part of the anterior wall of the sinus venosus, where the muscular wall 
is thrown into parallel ridges, resembling the teeth of a comb and hence named 
the musculi pectinati. These terminate behind on a vertical smooth ridge, the 
crista terminalis of His, the position of which is indicated on the surface of the 
distended auricle by a furrow, the sulcus terminalis (His); this represents the 
line of fusion of the sinus venosus of the embryo with the primitive auricle 
proper. 

It presents the following parts for examination : 

Superior cava. 
Inferior cava. 

Openings, Coronary sinus. Valves] 
Foramina Thebesii. 
Auriculo-ventricular. 

Fossa ovalis. 
Annulus ovalis. 
Tuberculum Lower}. 
Musculi pectinati. 


Eustachian. 
Coronary. 


The superior vena cava returns the blood from the upper half of the body, 
and opens into the upper and back part of the auricle, the direction,of its orifice 
being downwards and forwards. It has no valve. 

The inferior vena cava, larger than the superior, returns the blood from the 
lower. half of the body, and opens into the lowest part of the auricle, near the 
septum, its orifice being directed upwards and inwards, and guarded by a rudi- 
mentary valve, the Hustachian valve. The direction of a current of blood through 
the superior vena cava would consequently be towards the auriculo-ventricular 
orifice; while the direction of the blood through the inferior cava would be 
towards the auricular septum. This is the normal direction of the two currents 
in foetal life. 

The coronary sinus opens into the auricle, between the inferior vena cava 
and the auriculo-ventricular opening. It returns the blood from the substance 
of the heart, and is protected by a semicircular fold of the lining membrane of 
the auricle, the coronary valve, or valve of Thebesius. The sinus, before entering 
the auricle, is considerably dilated—nearly to the size of the end of the little 
finger. Its wall is partly muscular, and, at its junction with the great coronary 
vein, is somewhat constricted, and furnished with a valve, consisting of two 
unequal segments. 

The foramina Thebesit are depressions in the walls of the auricle: the majority 
of these are culs-de-sac, but about one third present the orifices of minute 
veins (vene cordis minime), which return the blood directly from the muscular 
substance of the heart. 

The auriculo-ventricular opening is the large oval aperture of communication 
between the auricle and the ventricle, to be presently described. 

The Hustachian valve is situated between the anterior margin of the inferior 
vena cava and the auriculo-ventricular orifice. It is semilunar in form, its convex 
margin being attached to the margin of the vein; its concave margin, which is 
free, terminating in two cornua, of which the left is continuous with the anterior 
edge of the annulus ovalis ; the right being lost on the wall of the auricle. The 
valve is formed by a duplicature of the lining membrane of the auricle, contain- 
ing a few muscular fibres. | 

In the fætus this valve is of large size, and serves to direct the blood from the 
inferior vena cava, through the foramen ovale, into the left auricle. 

In the adult it is occasionally persistent, and may assist in preventing the 
reflux of blood into the inferior vena cava ; more commonly it is small, and its 
free margin presents a cribriform or filamentous appearance; sometimes it is 
altogether wanting. 

The coronary valve (valve of Thebesius) is a semicircular fold of the lining 
membrane of the auricle, protecting the orifice of the coronary sinus. It prevents 
the regurgitation of blood into the sinus during the contraction of the auricle. 
This valve may be double. 

The fossa ovalis is an oval depression on the posterior wall of the auricle, 
corresponding to the situation of the foramen ovale in the foetus. It is situated 
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at the lower part of the auricular septum, above and to the left of the orifice of 
the inferior vena cava. 

The annulus ovalis is the prominent oval margin of the foramen ovale. It is 
most distinct above, and at the sides; below, it is deficient. A small slit-like 
valvular opening is occasionally found, at the upper margin of the fossa ovalis, 
which leads upwards, beneath the annulus, into the left auricle, and is the 
remains of the aperture between the two auricles in the fœtus. _ 

The tuberculum Loweri is a small projection on the posterior wall of the 
auricle, above the fossa ovalis. It is most distinct in the hearts of quadrupeds ; 
in man it is scarcely visible. It was supposed by Lower to direct the blood 
from the superior cava towards the auriculo-ventricular opening. 


To examine the interior of the right ventricle, its anterior wall should be turned down- 
wards and to the right in the form of a triangular flap. This is accomplished by making 
two incisions: (1) from the pulmonary artery to the apex of the ventricle parallel to, but 
a little to the right of, the anterior interventricular furrow ; (2) another, starting from the 
upper extremity of the first and carried outwards parallel to, but a little below, the 
auriculo-ventricular furrow ; care being taken not to injure the auriculo-ventricular valve. 


The Right Ventricle is triangular in form, and extends from the right auricle 
to near the apex of the heart. Its antero-superior surface is rounded and 
convex, and.forms the larger part of the front of the heart. Its under surface 
is flattened, rests upon the Diaphragm, and forms only a small part of the back 
of the heart. Its posterior wall is formed by the partition between the two 
ventricles, the septum ventriculorum. The septum bulges into the cavity of the 
right ventricle, so that a transverse section of the cavity presents a semilunar 
outline. Its upper and inner angle is prolonged into a conical pouch, the 
infundibulum, or conus arteriosus, from which the pulmonary artery arises. The 
wall of the right ventricle is thinner than that of the left, the proportion 
between them being as 1 to 3. The wall is thickest at the base, and graduall 
becomes thinner towards the apex. The cavity equals in size that of the left 
ventricle, and is capable of containing about three fluid ounces.* 

The following parts present themselves for examination : 


Auriculo-ventricular. 

pean: the pulmonary artery. 
ricuspid. 

Valves irreal 


Openings l 


And a muscular and tendinous apparatus connected with the tricuspid valve : 


Columne carne. Chordæ tendinesz. 


The aurwulo-ventricular orifice is the large oval aperture of communication 
between the auricle and ventricle. It is situated at the base of the ventricle, 
near the right border of the heart. It is about an inch and a half in diameter,t 
oval from side to side, surrounded by a fibrous ring, covered by the lining 
membrane of the heart; it is considerably larger than the corresponding 
aperture on the left side, being sufficient to admit the ends of four fingers. It 
is guarded by the tricuspid valve. 

The opening of the pulmonary artery is circular in form, and situated at 
the summit of the conus arteriosus, close to the septum ventriculorum. It is 
placed above and on the left side of the auriculo-ventricular opening, upon the 


< Morrant Baker says that, ‘taking the mean of various estimates, it may be inferred 
that each ventricle is able to contain four to six ounces of blood.’—Kirke’s Physiology 
loth edition, p. 156. 

t In the Pathological Transactions, vol. vi. p. 119, Dr. Peacock has given some 
careful researches upon the weight and dimensions of the heart in health and disease. 
He states, as the result of his investigations, that, in the healthy adult heart, the right 
auriculo-ventricular aperture has a mean circumference of 54:4 lines, or 43% inches ; the 
left auriculo-ventricular aperture a mean circumference of 44°3 lines, or 333 inches ; 
the pulmonie orifice of 40 lines, or 34} inches; and the aortic orifice of 35°5 lines or 
3a% inches; but the dimensions of the orifices varied greatly in different cases, the right 


auriculo-ventricular aperture having a range of from t i . 
the same proportion. e : 45 to 60 lines, and the others in 
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aigan aspect of the heart. Its orifice is guarded by the pulmonary semilunar 
valves. 

The tricuspid valve consists of three segments of a triangular or trapezoidal 
shape, formed by a duplicature of the lining membrane of the heart, strengthened 
by an intervening layer of fibrous tissue. These segments are connected by their 
bases to the fibrous ring surrounding the auriculo-ventricular orifice, and by 
their sides with one another, so as to form a continuous annular membrane, 
which is attached round the margin of the auriculo-ventricular opening, their 
free margins and ventricular surfaces affording attachment to a number of 
delicate tendinous chords, the chorde tendinee. The largest and most movable 
segment is placed in front and to the left side of the auriculo-ventricular open- 
ing, interposed between that opening and the infundibulum ; hence it is called 
the infundibular cusp. Another segment is in relation to the right margin of 
the ventricle, the right or marginal cusp; and a third to its posterior or septal 
wall, the posterior or septal cusp. The central part of each segment is thick 
and strong: the lateral margins are thin and translucent. The chorde tendinex 
are connected with the adjacent margins of the principal segments of the valve, 
and are further attached to each segment in the following manner: 1. Three 
or four reach the attached margin of each segment, where they are continuous 
with the auriculo-ventricular tendinous ring. 2. Others, four to six in number, 
are attached to the central thickened part of each segment. 3. The most 
numerous and finest are connected with the marginal portion of each segment. 

The columne carne@ are the rounded muscular columns which project from 
nearly the whole of the inner surface of the ventricle, excepting near the 
ye of the pulmonary artery, where the wall is smooth. They may be 
classified, according to their mode of connection with the ventricle, into three 
sets. The first set merely form prominent ridges on the inner surface of the 
ventricle, being attached 5 their entire length on one side, as well as by their 
extremities. The second set are attached by their two extremities, but are 
free in the rest of their extent; while the third set (musculi papillares) are 
continuous by one extremity with the wall of the heart, the opposite extremity 
giving attachment to the chorde tendineg. There are two papillary muscles, 
anterior and posterior: of these, the anterior is the larger; its chorde tendinex 
are connected with the marginal and infundibular segments of the valve. The 
posterior is not always single, but sometimes consists of two or three muscular 
columns; its chorde tendines are connected with the septal and marginal 
segments. In addition to these, some few chord spring directly from the 
ventricular septum, or from small eminences on it, and passing to the septal 
and infundibular segments. A fleshy band, well marked in sheep and some 
other animals, is frequently seen passing from the base of the anterior papillary 
muscle to the interventricular septum. From its attachments it may assist in 
preventing over-distension of the ventricle, and so has been named the moderator 
band. 
The right auriculo-ventricular orifice allows the blood to pass freely from the 
right auricle into the right ventricle, and it will be noted that the surface of 
the tricuspid valve next the blood-current is quite smooth. When the right 
ventricle contracts to force the blood into the pulmonary artery the segments of 
the tricuspid valve come together and close the auriculo-ventricular opening, 
and so prevent the blood from passing back into the auricle. The papillary 
muscles and chorde tendinee moor the segments of the valve, and prevent 
their being forced through into the auricle by the weight of blood behind them. 

The pulmonary valve consists of three semilunar segments, two anterior (right 
and left) and one posterior, formed by a duplicature of the lining membrane, 
strengthened by fibrous tissue. They are attached, by their convex margins, to 
the wall of the artery, atits junction with the ventricle, the straight border being 
free, and directed upwards in the lumen of the vessel. The free margin of each 
is somewhat thicker than the rest of the segment,” is strengthened by a bundle of 
tendinous fibres, and presents, at its middle, a small projecting thickened nodule, 
called corpus Arantii, and consisting of bundles of interlacing connective-tissue 

* The pulmonary semilunar segments have been found to be two in number instead 
of three (Dr. Hand, of St. Paul, Minn., in the North-Western Med. and Surg. Journ. 
July 1873), and the same variety is more frequently noticed in the aortic semilunar 
segments. 
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fibres with branched connective-tissue cells and some few elastic fibres. From 
this nodule tendinous fibres radiate through the segment to its attached margin, 
and these fibres form a constituent part of its substance throughout its whole 
extent, excepting two narrow lunated portions, the lunule, placed one on each 
side of the nodule immediately adjoining the free margin; here the segment is 
thin, and formed merely by the lining membrane. During the passage of the 
blood along the pulmonary artery the valve is opened, and the course of the blood 
along the tube is uninterrupted; but during the ventricular diastole, when the 
current of blood along the pulmonary artery is checked, and partly thrown back 
by its elastic walls, these segments come into apposition and effectually close the 
entrance of the tube. When the valve is closed, the lunated portions of each 
segment are brought into contact with one another by their opposed surfaces, the 
three corpora Arantii filling up the small triangular space that would be other- 
wise left by their approximation. 

Between the semilunar segments and the commencement of the pulmonary 
artery are three pouches or dilatations, one behind each segment. These are 
the pulmonary sinuses (sinuses of Valsalva). Similar sinuses exist between the 
semilunar segments of the aortic valve and the commencement of the aorta ; they 
are larger than the pulmonary sinuses. The blood, in its regurgitation towards 
the heart, finds its way into these sinuses, and so shuts down the valve-flaps. 


In order to examine the interior of the left auricle, make an incision on the posterior 
surface of the auricle from the pulmonary veins on one side to those on the other, the 
incision being carried a little way into the vessels. Make another incision from the 
middle of the horizontal one to the appendix. 


The Left Auricle is rather smaller than the right, but its walls are thicker, 
measuring about one line and a half; it consists, like the right, of two parts, 
a principal cavity, or atrium, and an appendix auricule. 

The atriwm is cuboidal in form, and concealed, in front, by the pulmonary 
artery and aorta; internally, it is separated from the right auricle by the septum 
auricularum ; behind, it receives on each side the two pulmonary veins, being 
free in the rest of its extent. 

The appendix auricule is somewhat constricted at its junction with the 
auricle; it is longer, narrower, and more curved than that of the right side, and 
its margins more deeply indented, presenting a kind of foliated appearance. Its 
direction is forwards and towards the right side, overlapping the root of the 
pulmonary artery. 

The following parts present themselves for examination: 


The openings of the four pulmonary veins. 
Auriculo-ventricular opening. 
Musculi pectinati. 


The pulmonary veins, four in number, open into the posterior part of the left 
auricle—-two on either side of the middle line: they are not provided with valves 
The two left veins frequently terminate by a common opening. i 

The auriculo-ventricular opening is the large oval aperture of communication 
between the auricle and ventricle. Itis rather smaller than the corresponding 
Opening on the opposite side (see note, page 586). 

The musculi pectinati are fewer in number and smaller than on the right 
side ; they are confined to the inner surface of the appendix. 

On the septum auricularum may be seen a lunated impression, bounded below 
by a crescentic ridge, the concavity of which is turned upwards. The depression 
is just above the fossa ovalis in the right auricle. 


To examine the interior of the left ventricle, make an incisi j 

) ext l on aà little to the left 

opaan interventia EA from the base to the apex of the heart, and mea 
ence a little to the left of the posterior interventricular gr 

auriculo-ventricular groove. i! e 


The Left Ventricle is longer and more conical in shape than the right 
ventricle, and on transverse section its cavity presents an oval or near! 
circular outline. It forms a small part of the anterior surface of the heart ao 
a considerable part of its posterior surface. It also forms the apex of the heart 
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by its projection beyond the right ventricle. Its walls are much thicker than 
those of the right side, the proportion being as 3 tor, They are thickest 
opposite the widest part of the ventricle, becoming gradually thinner towards 
the base, and also towards the apex, which is the thinnest part. 

The following parts present themselves for examination : 


Openings pp onenielaular: tiene "y 
Chordæ tendineæ. Columne carnes. 


The auriculo-ventricular opening is placed below and to the left of the aortic 
orifice. It isa little smaller than the corresponding aperture of the opposite side, 
admitting only two fingers; but, like it, is broader in the transverse than in the 
antero-posterior diameter. It is surrounded by a dense fibrous ring, covered by 
the lining membrane of the heart, and guarded by the mitral valve. 


Fic. 469.—The left auricle and ventricle laid open, 
the posterior walls of both being removed. 
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The aortic opening is a circular aperture, in front and to the right side of 
the auriculo-ventricular, from which it is separated by one of the segments of the 
mitral valve. Its orifice is guarded by the aortic valve, which consists of three 
semilunar segments. The portion of the ventricle immediately below the aortic 
ovifice is often termed the aortic vestibule of Sibson. It possesses fibrous instead 
of muscular walls, and so does not collapse during the ventricular diastole; it 
thus gives space for the segments of the aortic valve during its closure. 

The mitral or bicuspid valve is attached to the circumference of the auriculo- 
ventricular orifice in the same way that the tricuspid valve is on the opposite 
side. It consists of two triangular cusps or segments, formed by a duplicature 
of the lining membrane, strengthened by fibrous tissue, and containing a few 
muscular fibres. The segments are of unequal size, and are larger, thicker, and 
altogether stronger than those of the tricuspid. The larger segment 1s placed in 
front and to the right between the auriculo-ventricular and aortic orifices, the 
smaller to the left and behind the opening, close to the wall of the ventricle 
Two smaller segments are usually found at the angles of junction of the larger 
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) . h- 
he mitral valve-flaps are furnished with chordæ tendineæ, the mode of attac 
pe of which is precisely similar to those on the right side; but they are 

icker, stronger, and less numerous. 
an he eng consists of three semilunar segments, which surround the 
orifice of the aorta ; two are posterior (right and left) and one anterior : they are 
similar in structure, and in their mode of attachment, to those of the pulmonary 
valve. They are, however, larger, thicker, and stronget than those of the right 
side; the lunule are more distinct, and the corpora Arantii larger and more 
prominent. Opposite each segment the wall of the aorta presents a ~~" 
dilatation or bulging (sinus of Valsalva); they are larger than those at the 
commencement of the pulmonary artery. 
The columne carnee admit of a subdivision into three sets, like those upon 
the right side; but they are more numerous, and present a dense interlacement, 


Fic. 470.—Section of the heart, showing the interventricular septum. 
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especially at the apex, and upon the posterior wall. The musculi papillares are 
two in number, one being connected to the anterior, the other to the posterior 
wall ; they are of large size, and terminate by free rounded extremities, from 
which the chords tendines arise. 

The septum between the two ventricles is thick, especially below (fig: 470). 
At its upper part it suddenly tapers off and becomes destitute of muscular fibres 
consisting only of fibrous tissue, covered by two layers of endocardium; and on 
the right side also covered, during diastole, by the septal segment of the tricuspid 
valve. This upper portion is termed the membranous part of the septum, and is 
continued upwards and forms the septum between the aortic vestibule and the 
right auricle. An abnormal communication may exist between the ventricles at 
this part owing to defective development of the septum. 

The Endocardium is a thin membrane which lines the internal surface of the 
heart ; it assists in forming the valves by its reduplications, and is continuous 
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with the lining membrane of the great blood-vessels. It is a smooth, transparent 
membrane, giving to the inner surface of the heart its glistening appearance. 
It is composed of endothelial cells resting upon a connective-tissue membrane, 
which contains unstriped muscle cells and elastic tissue, and is attached to the 
muscular structure by loose elastic tissue which contains blood-vessels and 
nerves. It is more opaque on the left than on the right side of the heart, thicker 
in the auricles than in the ventricles, and thickest in the left auricle. It is thin 
on the musculi pectinati, and on the column carneæ ; but thicker on the smooth 
part of the auricular and ventricular walls, and on the tips of the musculi 
papillares. 

Structure.—The heart consists of muscular fibres, and of fibrous rings which 
serve for their attachment. It is closely covered by the visceral layer of the 
serous pericardium (epicardium), and its cavities are lined by the endocardium. 
Between these two membranes is the muscular wall of the heart, the myo- 
cardium. 

The fibrous rings surround the auriculo-ventricular and arterial orifices: they 
are stronger upon the left than on the right side of the heart. The auriculo- 
ventricular rings serve for the attachment of the muscular fibres of the auricles 
and ventricles, and also for the mitral and tricuspid valves ; the ring on the left 
side is closely connected, by its right margin, with the aortic arterial ring. 
Between these and the right auriculo-ventricular ring is a mass of fibrous tissue ; 
and in some of the larger animals, as the ox and elephant, a nodule of bone, the 
os cordis. 

The fibrous rings surrounding the arterial orifices serve for the attachment 
of the great vessels and semilunar valves. Each ring receives, by its ventricular 
margin, the attachment of the muscular fibres of the ventricles ; its opposite 
margin presents three deep semicircular notches, within which the middle 
coat of the artery (which has three convex semicircular segments) is firmly 
fixed ; the attachment of the artery to its fibrous ring being strengthened by the 
thin cellular coat and serous membrane externally, and by the endocardium 
within. It is opposite the margins of these semicircular notches, in the arterial 
rings, that the endocardium, by its reduplication, forms the semilunar valves, the 
fibrous structure of the ring being continued into each of the segments of the 
valve at this part. The middle coat of the artery in this situation is thin, and 
the wall of the vessel is dilated to form the sinuses of Valsalva. 

The muscular structure of the heart consists of bands of fibres, which present 
an exceedingly intricate interlacement. They are of a deep red colour, and 
marked with transverse striæ. 

The muscular fibres of the heart admit of a subdivision into two groups, those 
of the auricles and those of the ventricles, which are quite independent of one 
another. 

Fibres of the Auricles.—These are disposed in two layers—a superficial layer 
common to both cavities, and a deep layer proper to each. The superficial fibres 
are more distinct on the anterior surface of the auricles, across the bases of 
which they run in a transverse direction, forming a thin and incomplete layer. 
Some of these fibres pass into the septum auricularum. The internal or deep 
fibres proper to each auricle consist of two sets, looped and annular fibres. The 
looped fibres pass upwards over each auricle, being attached by their two extremi- 
ties to the corresponding auriculo-ventricular rings, in front and behind. The 
annular fibres surround the whole extent of the appendices auricularum, and are 
continued upon the walls of the venæ cave and coronary sinus on the right side, 
and upon the pulmonary veins on the left side, at their connection with the 
heart. In the appendices they interlace with the longitudinal fibres. 

Fibres of the Ventricles—These are arranged in an exceedingly complex 
manner, and the accounts given by various anatomists differ considerably. 
This is probably due partly to the fact that the various layers of muscular 
fibre of which the heart is said to be composed are not independent, but their 
fibres are interlaced to a considerable extent, and therefore any separation into 
layers must be in a great measure artificial; and also partly tothe fact, pointed 
out by Henle, that there are varieties in the arrangement owing to individual 
differences. If the epicardium and the subjacent fat are removed from a heart 
which has been subjected to prolonged boiling, so as to dissolve the connective 
tissues, the superficial fibres of the ventricles will be exposed. They will be seen 
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to commence at the base of the heart, where they are attached to the tendinous 
rings around the orifices, and to pass obliquely downwards towards the apex, 
with a direction from right to left. At the apex the fibres turn suddenly inwards, 
into the interior of the ventricle, forming what is called the vortex. On the back 
of the heart it will be seen that the fibres pass continuously from one ventricle to 
the other over the interventricular groove ; and the same thing will be noticed on 
the front of the heart at the upper and lower end of the anterior interventricular 
groove, but in the middle portion of this groove the fibres passing from one 
ventricle to the other are interrupted by fibres emerging from the septum along 
the groove; many of the superficial fibres pass in also at this groove to the 
septum. The vortex is produced, as stated above, by the sudden turning inwards 
of the superficial fibres in a peculiar spiral manner into the interior of the 
ventricle. Those fibres which descend on, the posterior surface of the heart, enter 
the left ventricle at the vortex, and, ascending, form the posterior part of the 
inner layer of muscular fibres lining this cavity and the right (posterior) musculus 
papillaris; those fibres which descend on the front of the heart, to reach the 
apex, also pass, at the vortex, into the interior of the ventricle, where they form 
the remainder of the innermost layer of the ventricle and the left (anterior) 
musculus papillaris. The fibres forming the inner layer of the wall of the 
ventricle ascend to be attached to the fibrous rings around the orifices. 

By dissection these superficial fibres may be removed as a thin stratum, and 
it will then be found that the ventricles are made up of oblique fibres, super- 
imposed in layers one on the top of another, and assuming gradually a less oblique 
direction as they pass to the middle of the thickness of the ventricular wall, so 
that in the centre of the wall the fibres are transverse. Internal to this central 
transverse layer the fibres become oblique again, but in the opposite direction 
to the external ones. This division into distinct layers is, however, to a great 
extent artificial, as fibres cross from one layer to another, and have therefore to 
be divided in the dissection, and the change in the direction of the fibres is very 
gradual. These oblique fibres commence above at the fibrous rings at the base 
of the heart, and descending towards the apex they enter the septum near its lower 
end. In the septum the fibres which form the left ventricle may be traced in 
three directions: 1. some pass upwards to be attached to the central mass of 
fibrous tissue; 2. others pass through the septum to become continuous with 
the fibres of the right ventricle ; 3. and the remainder pass through the septum 
to encircle the ventricle as annular fibres. Of the fibres of the right ventricle, 
some on entering the septum pass upwards to be attached to the central mass of 
fibrous tissue; some entering the septum from behind pass forwards to: become 
continuous with the fibres on the anterior surface of the left ventricle ; and others 
entering in front pass backwards to join the fibres on the posterior wall of the 
left ventricle. The septum therefore consists of three varieties of fibres, viz. : 
annular fibres special to the left ventricle; ascending fibres, derived from both 
ventricles and ascending through the septum to the central fibro-cartilage; and 
decussating fibres derived from the anterior wall of one ventricle and passing to 
the posterior wall of the other ventricle, or from the posterior wall of the right 
ventricle and passing to the anterior wall of the left. In addition to these fibres, 
there are a considerable number which appear to encircle both ventricles and 
which pass across the septum without turning into it. 

Vessels and Nerves.—The arteries supplying the heart are the right and left 
coronary from the aorta. 

The vems terminate in the right auricle, and will be described with the 
general venous system. 

The lymphatics terminate in the thoracic and right lymphatic ducts. 

The nerves are derived from the cardiac plexuses, which are formed partl 
from the cranial nerves, and partly from the sympathetic. They are ‘any 
distributed both on the surface and in the substance of the heart. the se anne 
filaments being furnished with small ganglia. P 


Surface Form.—In order to show the extent of the heart i ; 
chest, draw a line from the lower border of the second left he wn Oe none 
the sternum, to the upper border of the third right costal cartilage, half an inch froni the 
sternum. This represents the base line, or upper limit of the organ. Take a point an 
inch and a half below, and three-quarters of an inch internal to the left ni "a is 
about three and a half inches to the left of the median line of the body. This represents 
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the apex of the heart. Draw a line from this apex point, with a slight convexity down- 
wards, to the junction of the seventh right costal cartilage to the sternum. This repre- 
sents the lower limit of the heart. Join the right extremity of the first Jine—that is, the 
base line—with the right extremity of this line—that is, to the seventh right chondro- 
sternal joint—with a slight curve outwards, so that it projects about an inch and a half 
from the middle line of the sternum. Lastly, join the left extremity of the base line and 
the apex point by a line curved slightly to the left. 

The position of the various orifices is as follows: viz. the pulmonary orifice is situated 
in the upper angle formed by the articulation of the third left costal cartilage with the 
sternum ; the aortic orifice is a little below and internal to this, behind the left border 
of the sternum, close to the articulation of the third left costal cartilage to this bone. 
The left auriculo-ventricular opening is behind the sternum, rather to the left of the 
median line and opposite the fourth costal cartilages. The right auriculo-ventricular 
opening is a little lower, opposite the fourth interspace and in the middle line of the 
body (fig. 466). 

A portion of the area of the heart thus mapped out is uncovered by lung, and therefore 
gives a dull note on percussion; the remainder, being overlapped by thé lung, gives a 
more or less resonant note. The former is known as the area of superficial cardiac 
dulness ; the latter, as the area of deep cardiac dulness. The area of superficial cardiac 
dulness is included between a line drawn from the centre of the sternum, on a level with 
the fourth costal cartilages, to the junction of the body of the sternum with the ensiform 
cartilage: from the two extremities of this line, two others are to be drawn to the position 
of the apex of the heart in the fifth intercostal space. Below, this area merges into the 
dulness which corresponds to the liver. Latham lays down the following rule as a 
sufficient practical guide for the definition of the portion of the heart which is uncovered 
by lung or pleura: ‘ Make a circle of two inches in diameter round a point midway 
between the nipple and the end of the sternum.’ 

Surgical Anatomy.— Wounds of the heart are often immediately fatal, but not 
necessarily so. They may be non-penetrating, when death may occur from hemorrhage, 
if one of the coronary vessels has been wounded, or subsequently from pericarditis ; or, on 
the other hand, the patient may recover. Even a penetrating wound is not necessarily 
fatal, as a considerable number of cases have now been recorded in which the wound has 
been sutured. A flap comprising the whole thickness of the thoracic wall must be made, 
the cavity of the pericardium opened, and the wound in the heart sutured. 


PECULIARITIES IN THE VASCULAR SYSTEM OF THE Fa@tTus 


The chief peculiarities in the heart of the foetus are the direct communication 
between the two auricles through the foramen ovale, and the large size of the 
Eustachian valve. There are also several minor peculiarities. Thus, the position 
of the heart is vertical until the fourth month, when it commences to assume an 
oblique direction. Its size is also very considerable as compared with that of the 
body, the proportion at the second month being 1 to 50; at birth it is as 1 to 120; 
while in the adult the average is about 1 to 160. At an early period of foetal 
life the auricular portion of the heart is larger than the ventricular, the right 
auricle being more capacious than the left; but towards birth the ventricular 
portion becomes the larger. The thickness of both ventricles is, at first, about 
equal, but towards birth the left becomes the thicker of the two. 

The foramen ovale is situated at the lower and back part of the auricular 
septum, forming a communication between the auricles. It remains as a free 
oval opening until the middle period of foetal life. About this period a fold grows 
up from the posterior wall of the auricle, to the left of the foramen ovale, and 
advances over the opening, so as to form a sort of valve, which allows the blood 
to pass only from the right to the left auricle, and not in the opposite direction. 

The Eustachian valve is directed upwards on the left side of the opening of 
the inferior vena cava, and serves to direct the blood from this vessel through 
the foramen ovale into the left auricle. a 

The peculiarities in the arterial system of the foetus are the communication 
between the pulmonary artery and the descending aorta by means of the ductus 
arteriosus, and the communication between the internal iliac arteries and the 
placenta by means of the umbilical arteries. | 

The ductus arteriosus is a short tube, about half an inch in length at birth, 
and of the diameter of a goose-quill. In the early condition it forms the con- 
tinuation of the pulmonary artery, and opens into the descending aorta, just 
below the origin of the left subclavian artery; and so conducts the chief part of 
the blood from the right ventricle into this vessel. When the branches of the 
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pulmonary artery have become larger relatively to the ductus arteriosus, the 
latter is chiefly connected to the left pulmonary artery ; and the fibrous cord, 
which is all that remains of the ductus arteriosus in later life, will be found to be 
attached to the root of that vessel. _ l l e> f a 

The umbilical or hypogastric arteries arise from the internal iliacs, in addition 
to the branches given off from those vessels in the adult. Ascending along the 
sides of the bladder to its apex, they pass out of the abdomen at the umbilicus 
and are continued along the umbilical cord to the placenta, coiling round the 
umbilical vein. They carry to the placenta the blood which has circulated in the 
system of the foetus. . = 

The peculiarity in the venous system of the foetus is the communication 
established: between the placenta and the liver and portal vein, through the 
umbilical vein; and the inferior vena cava through the ductus venosus. 


FÆTAL CIRCULATION 


The blood destined for the nutrition of the foetus is returned from the placenta 
to the foetus by the umbilical vein. This vein enters the abdomen at the 
umbilicus, and passes upwards along the free margin of the suspensory ligament 
of the liver to the under surface of that organ, where it gives off two or three 
branches to the left lobe, one of which is of large size; and others to the lobus 
quadratus and lobulus Spigelii. At the transverse fissure it divides into two 
branches : of these, the larger is joined by the portal vein, and enters the right 
lobe; the smaller branch continues outwards, under the name of the ductus 
venosus, and joins the left hepatic vein at the point of junction of that vessel 
with the inferior vena cava. The blood, therefore, which traverses the umbilical 
vein, reaches the inferior vena cava in three different ways. The greater quantity 
circulates through the liver with the portal venous blood, before entering the 
vena cava by the hepatic veins; some enters the liver directly, and is also 
returned to the inferior cava by the hepatic veins: the smaller quantity passes 
directly into the vena cava, by the junction of the ductus venosus with the left 
hepatic vein. 

In the inferior cava, the blood carried by the ductus venosus and hepatic veins 
becomes mixed with that returning from the lower extremities and wall of the 
abdomen. It enters the right auricle, and, guided by the Eustachian valve, passes 
through the foramen ovale into the left auricle, where it becomes mixed with a 
small quantity of blood returned from the lungs by the pulmonary veins. From 
the left auricle it passes into the left ventricle; and from the left ventricle into 
the aorta, by means of which it is distributed almost entirely to the head and 
upper extremities, a small quantity being probably carried into the descending 
aorta. From the head and upper extremities the blood is returned by the tribu- 
taries of the superior vena cava to the right auricle, where it becomes mixed with 
a small portion of the blood from the inferior cava. From the right auricle it 
descends over the Eustachian valve into the right ventricle; and from the right 
ventricle, passes into the pulmonary artery. The lungs of the fœtus being 
inactive, only a small quantity of the blood of the pulmonary artery is distributed 
to. them, by the right and left pulmonary arteries, and is returned by the 
pulmonary veins to the left auricle: the greater part passes through the ductus 
arteriosus into the commencement of the descending aorta, where it becomes 
mixed with a small quantity of blood transmitted by the left ventricle into the 
aorta. Through this vessel it descends to supply the lower extremities and 
viscera of the abdomen and pelvis, the chief portion being, however, conveyed 
by the umbilical arteries to the placenta. 


_Fuom the preceding account of the circulation of the blood in the foetus, it 
will be seen : 
an 4 That T preng g the purposes of nutrition and excretion, receiving 
mpure biood from the foetus, and returning i i itiona 
A cinuaaan nd returning it charged with additional 
2. That nearly the whole of the blood of the umbilical vein ¢ 
í ole ol raverses the 
liver before entering the inferior cava; hence the large size of this organ 
S y pa Sey period of foetal life. | 
_ 3+ that the right auricle is the point of meeting of a double current, the blood 
in the inferior caya being guided by the Eustachian valve into the left auricle, 
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while that in the superior cava descends into the ri 
| 2 superio) ght ventricle. At an earl 
period of foetal life it is highly probable that the two streams are quite ieiet 


= the inferior cava opens almost directly into the left auricle, and the 
ustachian valve would exclude the current along the vein from entering the 


Fire. 471.—Plan of the foetal circulation. 
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Sr Ductus arteriosus 


Internal iliac artery 


lu this plan the figured arrows represent the kil of blood, us well as the direct‘on which it takes iu the vessels, 
Thes—arterial blood is fgyarel Dppmnncnnee >; venous blood, D= ; mixed (arterial and venous) 
blood, > — > 


‘right ventricle. At a later period, as the separation between the two auricles 
becomes more distinct, it seems probable that some mixture of the two streams 
must take place. 

4. The pure blood carried from the placenta to the foetus by the umbilical 
vein, mixed with the blood from the portal vein and inferior cava, passes almost 
QQ 2 
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directly to the arch of the aorta, and is distributed by the branches of that vessel 
to the head and upper extremities : hence the large size and perfect development 
of those parts at birth. = l 
s, The blood contained in the descending aorta, chiefly derived from that 
which has already circulated through the head and limbs, together with a small 
uantity from the left ventricle, is distributed to the lower extremities : hence 
the small size and imperfect development of these parts at birth. 


CHANGES IN THE VASCULAR SYSTEM AT BIRTH 


At birth, when respiration is established, an increased amount of blood from 
the pulmonary artery passes through the lungs, which now perform their office 
as respiratory organs, and, at the same time, the placental circulation is cut off. 
The foramen ovale becomes gradually closed by about the tenth day after birth : 
the valvular fold above mentioned becomes adherent to the margins of the 
foramen for the greater part of its circumference, but above a slit-like opening 
is left between the two auricles, and this sometimes persists. 

The ductus arteriosus begins to contract immediately after respiration is 
established, becomes completely closed from the fourth to the tenth day, and 
ultimately degenerates into an impervious cord, which serves to connect the left 
pulmonary artery to the descending aorta. 

Of the wmbilical or hypogastric arterics, the portion continued on to the 
bladder from the trunk of the corresponding internal iliac remains pervious, as 
the superior vesical artery; and the part extending from the side of the bladder 
to the umbilicus becomes obliterated between the second and fifth days after 
birth, and projects as a fibrous cord towards the abdominal cavity, carrying on it 
a fold of peritoneum and separating two of the fosse of the peritoneum, spoken 
of in the section on the surgical anatomy of direct inguinal hernia. 

The umbilical vein and ductus venosus become completely obliterated between 
the second and fifth days after birth, and ultimately dwindle to fibrous cords ; 
the former becoming the round ligament of the liver, the latter the fibrous cord 
which, in the adult, may be traced along the fissure of the ductus venosus. 


THE ARTERIES 


Arteries are cylindrical tubular vessels, which serve to convey blood from 

both ventricles of the heart to every part of the body. These vessels were 
named arteries (ap, air; rypetv, to contain) from the belief entertained by the 
ancients that they contained air. To Galen is due the honour of refuting this 
opinion; he showed that these vessels, though for the most. part empty after 
death, contain blood in the living body. 
_ The distribution of the systemic arteries is like a highly ramified tree, the 
common trunk of which, formed by the aorta, commences at the left ventricle 
of the heart, the smallest ramifications corresponding to the circumference of 
the body and the contained organs. The arteries are found in nearly every 
part of the body, with the exception of the hair, nails, epidermis, cartilages, and 
cornea ; and the larger trunks usually occupy the most protected situations 
running, in the limbs, along the flexor side, where they are less exposed to 
injury. 

There is considerable variation in the mode of division of the arteries: 
occasionally a short trunk subdivides into several branches at the same point, 
as may he observed in the cceliac and thyroid axes; or the vessel may give 
off several branches in succession, and still continue as the main trunk, as is 
ri F the ajaze of tne Gane ; but ‘nequently the division is dichotomous as 
or instance, the aorta dividing into the two iliacs : be 
sangla nie the external and Comal. on Miage; amea 
e branches of arteries arise at very variable angles: i 
intercostal arteries from the aorta, arise R an obtuse S. A ae 
arteries, at a right angle; or, as the spermatic, at an acute angle, An arte 
from which a branch is given off is smaller in size, but retains a uniform 
diameter until a second branch is derived from it. A branch of an artery is 
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smaller than the trunk from which it arises; but if an artery divides into two 
branches, the combined area of the two vessels is, in nearly every instance, 
somewhat greater than that of the trunk; and the combined area of all the 
arterial branches greatly exceeds the area of the aorta; so that the arteries 
collectively may be regarded as a cone, the apex of which corresponds to the 
aorta, the base to the capillary system. 

The arteries, in their distribution, communicate with one another, forming 
what is called an anastomosis (avd, between; oropa, mouth), or inosculation : 
and this communication is very free between the large as well as between 
the smaller branches. The anastomosis between trunks of equal size is found 
where great activity of the circulation is requisite, as in the brain; here 
the two vertebral arteries unite to form the basilar, and the two anterior cerebral 
arteries are connected by a short communicating trunk; it is also found in 
the abdomen, the intestinal arteries having very ample anastomoses between 
their larger branches. In the limbs, the anastomoses are most numerous and 
of largest size around the joints; the branches of an artery above inosculating 
with branches from the vessels below. These anastomoses are of consider- 
able interest to the surgeon, as it is by their enlargement that a collateral 
circulation is established after the application of a ligature to an artery for the 
cure of aneurism. The smaller branches of arteries anastomose more frequently 
than the larger; and between the smallest twigs these inosculations become so 
numerous as to constitute a close network that pervades nearly every tissue of 
the body. 

Throughout the body generally the larger arterial branches pursue a straight 
course; but in certain situations they are tortuous; thus the facial artery in 
its course over the face, and the arteries of the lips, are extremely tortuous 
in their course, to accommodate themselves to the movements of the parts. The 
uterine arteries are also tortuous, to accommodate themselves to the increase of 
size which the organ undergoes during pregnancy. Again, the internal carotid 
and vertebral arteries, previous to their entering the cavity of the skull, describe 
a series of curves, which are probably intended to diminish the velocity of the 
current of blood, by increasing the extent of surface over which it moves, and 
adding to the amount of impediment which is produced by friction. 

The arteries are dense in structure, of considerable strength, highly elastic, 
and, when divided, they preserve, although empty, their cylindrical form. Their 
structure has been described on page 51. 

In the description of the arteries, the efferent trunk of the pulmonic circula- 
tion, the pulmonary artery, will be first considered ; and then the efferent trunk 
of the systemic circulation, the aorta, and its branches. 


PULMONARY ARTERY (fig. 472) 


The pulmonary artery conveys the venous blood from the right side of the 
heart to the lungs. It is a short, wide vessel, about two inches in length and 
i} inch (30 mm.) in diameter, arising from the left side of the base (conus 
arteriosus) of the right ventricle. It extends obliquely upwards and backwards, 
passing at first in front and then to the left of the ascending aorta, as far as 
the under surface of the arch, but on a plane posterior to it, where it divides, 
about the level of the intervertebral substance between the fifth and sixth dorsal 
vertebrie, into two branches of nearly equal size, the right and left pulmonary 
arteries. 

Relations.—The whole of this vessel is contained, together with the ascend- 
ing aorta, in the pericardium. It is enclosed with the aorta in a single tube 
of the visceral layer of the serous pericardium, which is continued upwards upon 
them from the base of the heart and connects them together. The fibrous layer 
of the pericardium becomes gradually lost upon the external coat of its two 
branches. In front, the pulmonary artery is separated from the anterior extremity 
of the second left intercostal space by the pleura and left lung, in addition to 
the pericardium ; it rests at first upon the ascending aorta, and higher up lies 
in front of the left auricle on a plane posterior to the ascending aorta. On each 
side of its origin is the appendix of the corresponding auricle and a coronary 
artery. the left coronary artery passing, in the first part of its course, behind the 
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vessel. The superficial cardiac plexus lies above its bifurcation, between it and 
the arch of the aorta. 

The right pulmonary artery, longer and larger than the left, rans horizontally 
outwards, behind the ascending aorta and superior vena cava, to the root of the 
right lung, where it divides inte two branches, of which the lower and larger 
supplies ae middle and lower lobes ; the upper and smaller is distributed to the 
upper lobe. 

Pe the left pulmonary artery, shorter and somewhat smaller than the right, 
passes horizontally in front of the descending aorta and left bronchus to the root 
of the left lung, where it divides into two branches for the two lobes. 


Fre. 472.--The arch of the aorta, and its branches. 
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The root of the left pulmonary artery is connected t 
5 d to the under surface of the 
arch of the aorta by a short fibrous cord, the ligamentum arteriosum; this is the 
Ea > a Vesne Peo ei to foetal life, the ductus arteriosus. 
e terminal branches of the pulmonary arte E , 
atas of the lane p y ry will be described with the 


THE AORTA 


The aorta (opr ) ) i j 
N, arteria magna) is the main trunk of a series of vessels which 
convey the oxygenated blood to the tissues of the body for their nutrition. "This 
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vessel commences at the upper part of the left ventricle, where it is about 1} inch 
in diameter, and after ascending for a short distance, arches backwards, and to 
the left side, over the root of the left lung, then descends within the thorax 
on the left side of the vertebral column, passes through the aortic opening 
in the Diaphragm, and entering the abdominal cavity, terminates, considerably 
diminished in size (about +", of an inch in diameter), opposite the lower border of 
the fourth lumbar vertebra, where it divides into the right and left common iliac 
arteries. Hence it is divided into the ascending aorta, the arch of the aorta, and 
the descending aorta, which last is again divided into the thoracic and abdominal 
aorta, from the position of these parts. 


ASCENDING AORTA 


The ascending aorta is about two inches in length. It commences at the 
upper part of the base of the left ventricle, on a level with the lower border of 
the third costal cartilage behind the left half of the sternum ; it passes obliquely 
upwards, forwards, and to the right, in the direction of the heart’s axis, as high 
as the upper border of the second right costal cartilage, describing a slight curve 
in its course, and being situated, when distended, about a quarter of an inch 
behind the posterior surface of the sternum. At its commencement, opposite 
the segments of the aortic valve, it presents three small dilatations called the 
sinuses of Valsalva. These segments are placed one in front and two behind, 
and serve the purpose of preventing regurgitation of blood into the cavity of the 
ventricle. At the union of the ascending with the transverse part of the aorta 
the calibre of the vessel is increased, owing toa bulging outwards of its right 
wall. This dilatation is termed the great sinus of the aorta, and on section 
presents a somewhat oval figure. This portion of the aorta is contained in the 
cavity of the pericardium, and, together with the pulmonary artery, is invested 
by a tube of the serous pericardium, continued on to them from the surface ot 
the heart. 

Relations.—The ascending aorta ‘is covered at its commencement by the 
trunk of the pulmonary artery and the right auricular appendix, and, higher up, is 
separated from the sternum by the pericardium, the right pleura, and the anterior 
margin of the right lung, some loose areolar tissue, and the remains of the thymus 
gland ; behind, it rests upon the right pulmonary artery and left auricle. On the 
right side, it is in relation with the superior vena cava and right auricle, the 
former lying partly behind it; on the left side, with the pulmonary artery. 


PLAN oF THE RELATIONS OF THE ASCENDING AORTA 


In front. 
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Branches.—The only branches of the ascending aorta are the coronary arteries. 
They supply the heart, and are two in number, right and left, arising near the 
commencement of the aorta immediately above the free margin of the semilunar 
valves. | aus 

The Right Coronary Artery, about the size of a crow’s quill, arises from the 
anterior sinus of Valsalva. It passes forwards between the pulmonary artery 


Goo THE BLOOD VASCULAR SYSTEM 


and the right auricular appendix, then runs obliquely to the right side, in the groove 
between the right auricle and ventricle, and curving around the right border of 
the heart, runs along its posterior surface as far as the posterior interventricular 
groove, where it divides into two branches, one of which (transverse) continues 
onwards in the groove between the left auricle and ventricle, and anastomoses 
with the left coronary ; the other (descending) courses along the posterior inter- 
ventricular furrow, supplying branches to both ventricles and to the septum, and 
anastomosing at the apex of the heart with the descending branches of the left 
coronary. l l l 

This vessel sends a large branch (marginal) along the thin margin of the right 
ventricle to the apex; which in its course gives off numerous small branches to 
the anterior and posterior surfaces of the ventricle. It also gives off a branch 
close to its origin (right auricular), which passes upwards between the right 
auricle and the aorta, and distributes branches to the right auricle, the auricular 
septum, the aorta, and pulmonary artery. 

The Left Coronary Artery, larger than the former, arises from the left posterior 
sinus of Valsalva; it passes forwards between the pulmonary artery and the 
left auricular appendix, and divides into two branches. Of these, one (transverse) 
passes transversely outwards in the left auriculo-ventricular groove, and winds 
around the left border of the heart to its posterior surface, where it anastomoses 
with the transverse branch of the right coronary; the other (descending) passes 
along the anterior interventricular groove to the apex of the heart, where it ana- 
stomoses with the descending branches of the right coronary. The left coronary 
supplies the left auricle and its appendix, gives branches to both ventricles, 
= numerous small branches to the pulmonary artery, and commencement of 
the aorta.* 


Peculiarities.—These vessels occasionally arise by a common trunk, or their number 
may be increased to three; the additional branch being of small’size. More rarely, there 
are two additional branches. 


ARCH OF THE AORTA 


The arch, or transverse aorta, commences at the upper border of the second 
chondro-sternal articulation of the right side, and passes at first upwards and 
backwards and from right to left, and then from before backwards and down- 
wards, to the left side of the lower border of the fourth dorsal vertebra behind. 
It thus forms two curvatures: one with its convexity upwards, the other with 
its convexity forwards and to the left. Its upper border is usually about an inch 
below the upper margin of the sternum. 

Between the origin of the left subclavian artery and the attachment of the 
ductus arteriosus the lumen of the foetal aorta is considerably narrowed, forming 
what 1s termed the aortic isthmus, while immediately beyond the ductus arteriosus 
the vessel presents a fusiform dilatation which His has named the aortic spindle 
—the point of junction of the two parts being marked in the concavity of the 
arch by an indentation or angle. These conditions persist, to some extent, in 
the adult, where His found that the average diameter of the spindle exceeded that 
of the isthmus by 3 mm. (about one-eighth of an inch). 

Relations. The anterior surface of the arch of the aorta is covered by the 
pleuree and lungs and the remains of the thymus gland, and crossed towards 
the left side by the left pneumogastric and phrenic nerves, the inferior cervical 
cardiac nerve of the left pneumogastric, the superior cardiac nerve from the 
left sympathetic, and by the left superior intercostal vein. Its posterior surface 
lies on the trachea, just above its bifurcation, and on the great, or deep cardiac 
plexus. To its right side are the cesophagus, thoracic duct, and left recurrent 
laryngeal nerve. Its upper border is in relation with the left innominate vein : 
and from its upper part are given off the innominate, left common carotid and 
left subclavian arteries. Its lower border is in relation with the bifurcation 


“ According to West, there is a very free and complete anastomosis between the 
two coronary arteries (Lancet, June 2, 1883, p. 945). This, however, is not the view 
generally held by anatomists, for, with the exception of the anastomosis mentioned 
above in the auriculo-ventricular and interventricular grooves, it is believed that the t 
arteries only communicate by very small vessels in the substance of the heart. = 
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of the pulmonary artery, the remains of the ductus arteriosus, which is connected 
with the left division of that vessel, and the superficial cardiac plexus; the left 
recurrent laryngeal nerve winds round it from before backwards, while the left 
bronchus passes below it. 


PLAN OF THE RELATIONS OF THE ARCH OF THE AORTA 
Above. 


Left innominate vein. 
Innominate artery. 
Left carotid. 

Left subclavian. 


In front. 
Pleure and lungs. Behind. 
Remains of thymus gland. Trachea. 


Left pneumogastric nerve. Arch of Deep cardiac plexus. 
Left phrenic nerve. Cisophagus. 
Cardiac branches from vagus Thoracic duct. 

and sympathetic. Left recurrent nerve. 
Left superior intercostal vein. 


Aorta, 





Below. 


Bifurcation of pulmonary artery. 
Remains of ductus arteriosus. 
Superficial cardiac plexus. 

Left recurrent nerve. 

Left bronchus. 


Peculiarities—The height to which the aorta rises in the chest is usually about an 
inch below the upper border of the sternum; but it may ascend nearly to the top of that 
bone. Occasionally it is found an inch and a half, more rarely two or even three inches 
below this point. 

In Direction.—Soietimes the aorta arches over the root of the right instead of the left 
lung, and passes down on the right side of the spine, a condition which is found in birds. 


Fig. 474.—Relation of great vessels at base of heart, seen from above. 
(From a preparation in the Museum of the Royal College of Surgeons of England.) 
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In such cases all the viscera of the thoracic and abdominal cavities are transposed. Less 
frequently, the aorta, after arching over the root of the right lung, is directed to its usual 
position on the left sido of the spine, this peculiarity not being accompanied by any 
transposition of the viscera. 
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In Conformation.—The aorta occasionally divides, as in some ek cme <a i 
ascending and a descending trunk, the former of which is directed vertically upwards, an 
subdivides into three branches, to supply the head and upper extremities. © Sometimes the 
aorta subdivides soon after its origin into two branches, which soon reunite. In one pe 
these cases the cesophagus and trachea were found to pass through the interval left by 
their division; this is the normal condition of the vessel in the reptilia. 

Surgical Anatomy.—Of all the vessels of the arterial system, the aorta, and a, 
especially its arch, is most frequently the seat of disease ; hence it is important to consider 
some of the consequences that may ensue from aneurism of this part. ! i : 

It will be remembered that the ascending aorta is contained in the pericardium, just 
behind the sternum, being crossed at its commencement by the pulmonary artery and 
right auricular appendix, and having the right pulmonary artery behind, the vena cava 
on the right side, and the pulmonary artery and left auricle on the left side. — 

Aneurism of the ascending aorta, in the situation of the sinuses of Valsalva, in the great 
majority of cases, atfects the anterior sinus; this is mainly owing to the fact that the 
regurgitation of blood upon the sinuses takes place chiefly on the anterior aspect of the 
vessel. As the aneurismal sac enlarges, it may compress any or all of the structures in 
immediate proximity with it, but chicfly projects towards the right anterior side; and, 
consequently, interferes mainly with those structures that have a corresponding relation 
with the vessel. In the majority of cases, it bursts into the cavity of the pericardium, the 
patient suddenly drops down dead, and, upon a post-mortem examination, the pericardial 
sae is found full of blood; or it may compress the right auricle, or the pulmonary artery, 
and adjoining part of the right ventricle, and open into one or the other of these parts, or 
it may press upon the superior vena cava. l 

Aneurism of the ascending aorta, originating above the sinuses, most frequently 
implicates the right anterior wall of the vessel, where, as has been explained, there exists 
a normal dilatation, the great sinus of the aorta; this is probably mainly owing to the 
blood being impelled against this part. The direction of the aneurism is also chiefly 
towards the right of the median line. If it attains a large size and projects forwards, it 
may absorb the sternum and the cartilages of the ribs, usually on the right side, and 
appear as a pulsating tumour on the front of the chest, just below the manubrium ; or it 
may burst into the pericardium, or may compress, or open into the right lung, the trachea, 
bronchi, or esophagus. 

Regarding the transverse aorta, the student 1s reminded that the vessel lies on the 
trachea, the cesophagus, and thoracic duct; that the recurrent laryngeal nerve winds 
around it; and that from its upper part are given off three large trunks, which supply the 
head, neck, and upper extremities. Now, an aneurismal tumour taking origin from the 
posterior part of the vessel, its most usual site, may press upon the trachea, impede the 
breathing, or produce cough, hemoptysis, or stridulous breathing, or it may ultimately 
burst into that tube, producing fatal hemorrhage., Again, its pressure on the laryngeal 
nerves may give rise to symptoms which so accurately resemble those of chronic laryngitis, 
that the operation of tracheotomy has in some cases been resorted to, from the supposition 
that disease existed in the larynx; or it may press upon the thoracic duct and destroy 
life by inanition ; or if may involve the «esophagus, producing dysphagia, and has not 
infrequently been mistaken for cesophageal stricture; or it may burst into the oesophagus, 
when fatal hemorrhage will occur. Compression or stretching of the sympathetic 
filaments may, in the former case, produce dilatation of the pupil; in the latter, con- 
traction, if the conducting power is abolished, on the affected side. This has proved to be 
an Jmportant diagnostic sign in this disease. Again, the innominate artery, or the sub- 
clavian, or left carotid, may be so obstructed by clots as to produce a weakness, or even a 
disappearance, of the pulse in one or the other wrist, or in the left temporal artery ; or 
the tumour may present itself at or above the manubrium, generally either in the median 


ne or to the right of the sternum, and may simulate an aneurism of one of the arteries 
of the neck. 


Branches (figs. 472, 47 3).--The branches given off from the arch of the aorta 
are three in number: the innominate artery, the left common carotid, and the 
left subclavian. 


Pecularrties. Position of the Branches.—The branches, instead of arising from the 
highest part of the arch (their usual position), may be moved more to the right, arising 
from the commencement of the transverse or upper part of the ascending portion ; or 
the distance from one another at their origin may be increased or diminished, the most 
frequent change in this respect being the approximation of the left carotid towards the 
Innominate artery. 

The Number of the primary branches may be reduced to a s 
commonly two: the left carotid arising from the innominate artery ; or (more rarely) 
the carotid and subclavian arteries of the left side arising from a left innominate artery. 
But the number may be increased to four, from the right carotid and subclavian a: 
arising directly from the aorta, the innominate being absent. In most of these latter 


ingle vessel, or more 
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cases the right subclavian has been found to arise from the left end of the arch ; in other 
cases it was the second or third branch given off instead of the first. Another common 
form in which there are four primary branches is that in which the left vertebral artery 
arises from the arch of the aorta between the left carotid and subclavian arteries. Lastly, 
the number of trunks from the arch may be increased to five or six; in these instances, 
the external and internal carotids arise separately from the arch, the common carotid 
being absent on one or both sides. In some cases, where six branches have been found, 
it has been due to a separate origin of the vertebral on both sides. 

Number usual, Arrangement different.—When the aorta arches over to the right side, 
the three branches have an arrangement the reverse of what is usual, the innominate 
supplying the left side, and the carotid and subclavian (which arise separately) the right 
side. In other cases, where the aorta takes its usual course, the two carotids may be 
joined in a common trunk, and the subclavians arise separately from the arch, the right 
subclavian generally arising from the left end of the arch.* 

In some instances other arteries are found to arise from the arch of the aorta. Of 
these the most common are the bronchial, one or both, and the thyroidea ima; but the 
internal mammary and the inferior thyroid have been seen to arise from this vessel. 


INNOMINATE ARTERY 


The innominate artery (brachio-cephalic) is the largest branch given off from 
the arch of the aorta. It arises, on a level with the upper border of the second 
right costal cartilage, from the commencement of the arch of the aorta in front 
of the left carotid, and, ascending obliquely upwards, backwards, and outwards to 
the upper border of the right sterno-clavicular articulation, divides into the right 
common carotid and right subclavian arteries. This vessel varies from an inch 
and a half to two inches in length. 

Relations.—Jn front, it is separated from the first piece of the sternum by the 
Sterno-hyoid and Sterno-thyroid muscles, the remains of the thymus gland, the 
left innominate and right inferior thyroid veins which cross its root, and some- 
times the inferior cervical cardiac branch of the right pneumogastric. Behind, it 
lies upon the trachea, which it crosses obliquely. On the right side are the 
right innominate vein, the superior vena cava, the right phrenic nerve, and the 
pleura; and on the left side, the remains of the thymus gland, the origin of 
the left carotid artery, the left inferior thyroid vein, and the trachea. 

Branches.—The innominate usually gives off no branches ; but occasionally a 
small branch, the thyroidea ima, arises from this vessel. It also sometimes gives 
off a thymic or bronchial branch. 

The Thyroidea ima ascends in front of the trachea to the lower part of 
the thyroid body, which it supplies. It varies greatly in size, and appears to 
compensate for deficiency or absence of one of the other thyroid vessels. It 
occasionally is found to arise from the aorta or the right common carotid, the 
subclavian or internal mammary arteries. 


PLAN OF THE RELATIONS OF THE INNOMINATE ARTERY 


In front. 
Sternum. 
Sterno-hyoid and Sterno-thyroid muscles. 
Remains of thymus gland. 
Left innominate and right inferior thyroid veins. 
Inferior cervical cardiac branch from right pneumogastric nerve. 
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Right side. Left side. 
Right innominate vein. Remains of thymus. 
Superior vena cava. inne Left carotid. 
Right phrenic nerve. Left inferior thyroid vein. 
Pleura. Trachea. 
Behind. 
Trachea. 


Peculiarities in point of Division.—When the bifurcation of the innominate artery 
varies from the point above mentioned, it sometimes ascends a considerable distance 
eee a Eoee 


paun a 





” Theanomalies of the aorta and its branches are minutely described by Krause in 
Henle’s Anatomy (Brunswick, 1868), vol. iii. p. 203 at seq. 
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above the sternal end of the clavicle; less frequently it divides below it. In the former 
class of cases, its length may exceed two inches; and, in the latter, be reduced to an 
inch or less. These are points of considerable interest for the surgeon to. remember in 
cagpection mee operation of tying this vessel. 
osition.— When the aorta arches over to thé right side, the innominate is di 

the left side of the neck instead of the right. : — j 

r o tatana Circulation —Allan Burns demonstrated, on the dead subject, the possibility 
of the establishment of the collateral circulation after ligature of the innominate artery, 
by tying and dividing that artery, after which, he says, ‘ Even coarse injection, impelled 
into the aorta, passed freely by the anastomosing branches into the arteries of the right 
arm, filling them and all the vessels of the head completely.’* The branches by which 
this circulation would be carried on are very numerous; thus, all the communications 
across the middle-line between the branches of the carotid arteries of opposite sides would 
be available for the supply of blood to the right side of the head and neck; while the 
anastomosis between the superior intercostal of the subclavian and the first aortic inter- 
cage (see infra on the collateral circulation after obliteration of the thoracic aorta) would 

ring the blood, by a free and direct course, into the right subclavian: the numerous con- 
nections, also, between the intercostal arteries and the branches of the axillary and internal 
npma arteries would, doubtless, assist in the supply of blood to the right arm, while 
ia meer epigastric, from the external iliac, would, by means of its anastomosis with the 
ri ee mammary, compensate for any deficiency in the vascularity of the wall of the 

Surgical Anatomy.—-Aneurism of the innomin 

ate artery not infr 
an accompaniment to aneurism of the arch of the aorta. i causes E A “he i ht 
sterno-clavicular articulation, pushing forwards the Sterno-mastoid muscle and fillin y 
the suprasternal notch, It produces serious pressure symptoms: from es ie 
a oe K — wii se of the upper extremities, and of the head and nok 
e trachea it produces d i ig 

nerve hoarseness E poe yspnæa ; and on the right recurrent laryngeal 

though the operation of tying the innominate 

artery ha 

ceii n asi successes have been recorded. The grea i a 

rs to be the frequency of secondary hemorrhage; but in th 7, Wi 
gies oF aapa nunggu and our greater knowledge of theruse cS E E aini 
avourable results may be anticipated. Other causes of death after operati a e 
pericarditis, and suppurative cellulitis. The main obstacles to the A z fe are pleurisy, 
student will perceive from his dissection of this vessel, the dee ao, a whe = Ee 
behind and beneath the sternum, and the number of important t Ma a 
itii ovary ii portant structures which surround 

In order to apply a ligature to this vess j i 

l i el, the : 
with the thorax slightly raised, the head bent a Heels T. i d ee apes 
side of the aneurism strongly d S and the suouilen aniio 
ongiy depressed, so as to draw out the artery fr behin 
sternum into the neck. An incision three or more inches long is th Re ea to 
anterior border of the Sterno-mastoid muscle, terminating at th ee me “es dp 
From this point, a second incision is carried about the 8 ] © sternal end of the clavicle. 
of the clavicle. The skin is then dissected back, and fe Pi one along the upper border 
the sternal end. of the Sterno-mastoid is now brought are aw, ie litet a 
passed beneath it, and close to its under surface, so as to a id si pen stars 
be divided ; in like manner the clavicular origin is to be di vid aa, ee r 
greater part of its attachment, By pressing aside any bo aoe parle A 
eee now appear, the Sterno-hyoid and Sterno-thyroid musel il ane 2 ee 

e divided, a director being previousl i es Will be exposed, and must 
aes : 8 P sly passed beneath them. The inferior thvroi . 

y come into view, and must be carefully drawn either u q erior thyroid veins 
means of a blunt hook, or tied with double ligatures and di ded. iy a by 
F strong fibro-cellular lamina, the right carotid is brou E ed, After tearing through 

ownwards, the arteria innominata is arrived at The lett ee ae Henge 
be depressed ; the right innominate vein, the rE łe lefi innominate vein should now 
nerve drawn to the right side; and a curved an a is vein, and the pneumogastric 
vag vessel, close to its surface, and in a direction tom bel pa oe a 
peti taken to avoid the right pleural sac, the trachea ae cs ae Pig i sb 
m d be applied to the artery as high as possible, in orde ‘om its; vormge SORIS 
e aorta for the formation of the coagulum The i r fo allow room between it and 
pietus otven ais ; ; € Importance of avoiding the thvroid 
includi ng the primary steps of the operation, and g the thyroi 
artery Te a vessel hy; ligature, should be most carefully bo $ z oo grr 
as been secured, the common carotid sh i TOORN TIE oe 
should be tied about half an inch above its 


origin, and also the thyroidea ima if th i . 
united by buried ne e vessel is of any size. The severed muscles are 


ee 


* Surgical Anatomy of the Head and Neck, p. 62 
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ARTERIES OF THE HEAD AND NECK 


The artery which supplies the head and neck is the Common Carotid ; it 
ascends in the neck and divides into two branches, viz.: (1) the External 
Carotid, supplying the superficial parts of the head and face and the greater 
part of the neck; (2) the Internal Carotid, supplying to a great extent the 
parts within the cranial cavity. 


COMMON CAROTID ARTERIES 


The common carotid arteries, although occupying a nearly similar position in 
the neck, differ in position, and in their relations at their origin. The right 
carotid arises from the innominate artery, behind the right sterno-clavicular 
articulation ; the left from the highest part of the arch of the aorta. The left 
carotid is therefore longer, and at its origin is contained within the thorax. 
The course and relation of that portion of the left carotid which intervenes 
between the arch of the aorta and the left sterno-clavicular articulation, will 
first be described (see fig. 472). 

The left carotid within the thorax ascends obliquely outwards from the arch of 
the aorta to the root of the neck. In front, it is separated from the first piece of 
the sternum by the Sterno-hyoid and Sterno-thyroid muscles, the anterior portions 
of the left pleura and lung, the left innominate vein, and the remains of the 
thymus gland; behind, it lies on the trachea, cesophagus, and thoracic duct. 
Internally, it is in relation with the innominate artery, the inferior thyroid veins, 
and the remains of the thymus gland; externally, with the left pneumogastric 
and phrenic nerves, left pleura, and lung. The left subclavian artery is posterior 
and slightly external to it. 


PLAN OF THE RELATIONS OF THE LEFT ComMMON CAROTID. 
THORACIC PORTION 


In front. 
Sternum. 
Sterno-hyoid and Sterno-thyroid muscles. 
Anterior parts of left lung and pleura. 
Left innominate vein. 
Remains of thymus gland. 


Internally Externally. 
I — oF = ek aie Left pneumogastriec nerve. 
a A Thoracic Left phrenic nerve. 


Inferior thyroid veins. Portion Left 
pleura and lung. 
Remains of thymus gland. Left subclavian artery. 





Behind. 


Trachea. 

(Esophagus. 

Thoracic duct. 

Left subclavian artery. 


In the neck, the two common carotids resemble each other so closely, that one 
description will apply to both. Each vessel passes obliquely upwards, from 
behind the sterno-clavicular articulation, to a level with the upper border of the 
thyroid cartilage, opposite the lower border of the third cervical vertebra, where 
it. divides into the external and internal carotids ; these names being derived from 
the distribution of the arteries to the external parts of the head and face, and to 
the internal parts of the cranium and orbit respectively. ’ 

At the lower part of the neck the two common carotid arteries are separated 
from each other by a very small interval, which contains the trachea ; but at the 
upper part, the thyroid body, the larynx and pharynx project forwards between 
the two vessels, and give them the appearance of being placed farther back in this 
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situation, The common carotid artery is contained in a sheath, derived from the 
deep cervical fascia, which also encloses the internal jugular vein and pneumo- 
gastric nerve, the vein lying on the outer side of the artery, and the nerve between 

both. On opening the sheath, these 


the artery and vein, on a plane posterior to 
three structures are seen to be separated from one another, each being enclosed 


in a separate fibrous investment. 
t of the neck the common carotid artery 1s very 


Relations.— At the lower par 
deeply seated, being covered by the integument, superficial fascia, Platysma, and 


Fic. 475.—Superficial dissection of the right side of the neck, 
showing the carotid and subclavian arteries. 
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deep cervical fascia, the Sterno-mastoid, Ster 
muscles, and by the Omo-hyoid, opposite the an en rg ere 
part of its course, near its termination, it is more superficial os - aan 
merely by the integument, the superficial fascia, Platysma, deep ne i a 
and inner margin of the Sterno-mastoid, and, when the eve is p ioe 
wards, it is seen to be contained in a triangular space, bounded behind by the 
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Sterno-mastoid, above by the posterior belly of the Digastric, and below by the 
anterior belly of the Omo-hyoid. This part of the artery is crossed obliquely, 
from within outwards, by the sterno-mastoid artery ; it is crossed also by the 
superior and middle thyroid veins, which terminate in the internal jugular ; 
and descending on its sheath in front is seen the descendens hypoglossi nerve, 
this filament being joined by one or two branches from the cervical nerves, 
which cross the vessel from without inwards. Sometimes the descendens hypo- 
glossi is contained within the sheath. The superior thyroid vein crosses the 
artery near its termination; the middle thyroid a little below the level of the 
cricoid cartilage, and the anterior jugular vein just above the clavicle; the latter, 
however, is separated from the artery by the Sterno-hyoid and Sterno-thyroid 
muscles. Behind, the artery is separated from the transverse processes of the 
vertebre by the Longus colli and Rectus capitis anticus major, the sympathetic 
cord being interposed between it and the muscles. The recurrent laryngeal 
nerve and inferior thyroid artery cross behind the vessel at its lower part. 
Internally, it is in relation with the trachea and thyroid gland, the latter 
overlapping it, the inferior thyroid artery and recurrent laryngeal nerve being 
interposed: higher up, with the larynx and pharynx. On its outer side are 
placed the internal jugular vein and pneumogastric nerve. 

At the lower part of the neck, the internal jugular vein on the right side 
diverges from the artery, but on the left side it approaches it, and often overlaps 
its lower part. This is an important fact to bear in mind during the performance 
of any operation on the lower part of the left common carotid artery. 


PLAN OF THE RELATIONS OF THE Common CAROTID ARTERY 


In front. 
Integument, and superiicial fascia. Omo-hyoid. 
Deep cervical fascia. Descendens and Cornmunicans hypoglossi 
Platysma, _ nerves. 
Sterno-mastoid. Sterno-mastoid artery. 
Sterno-hyoid. Superior and middle thyroid veins, 
Sterno-thvroid, Anterior jugular vein. 
re Internally. 
Est Trachea, 
is - : Common i Thyroid gland. 
Internal jugular vem. Gated. Recurrent laryngeal nerve. 
Pneuitovastric nerve. : Inferior thyroid artery. 
k A Larynx. 
CU Pharynx. 
Behind. 
Longus colli. Sympathetic cord. 
Rectus capitis anticus major. Inferior thyroid artery. 


Recurrent laryngeal nerve. 


At the angle of bifurcation of the common carotid artery on its posterior aspeot is a 
reddish-brown oval body, known as the carotid gland. It is similar in structure to the 
coecygeal gland, which is situated on the middle sacral artery. 

Peculiarities as to Origin,---The right common carotid may arise above or below the 
upper border of the sterno-clavicular articulation. This variation oceurs in one out of 
about eight cases and a half, and the origin is more frequently below than above: or 
the artery may arise as a separate branch from the arch of the aorta, or in conjunction 
with the left carotid. The left common carotid varies in its origin more than the 
right. In the majority of abnormal cases it ariscs with the innominate artery, or, if the 
innominate artery is absent, the two carotids arise usually by a single trunk. It rarely 
joins with the left subclavian, cxcept in cases of transposition of the arch. 

Peculiartties as to point of Division.-~The most important peculiarities of this 
vessel, from a surgical point of view, relate to its place of division in the neck. In the 
majority of abnormal cases, this occurs higher than usual, the artery dividing into 
two branches opposite the hyoid bone. or even higher; more rarely, it oceurs below, 
opposite the middle of the larynx, or the lower border of the ericoid cartilage; and one 
case is related by Morgagni, where the common carotid, only an inch and a half in 
length, divided at the root of the neck. Very rarely, the common carotid ascends in the 
neck without any subdivision, either the external or the internal carotid being wanting : 
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and in a few cases the common carotid has been found to be absent, the external and 
internal carotids arising directly from the arch of the aorta, This peculiarity existed on 
both sides in some instances, on one side in others. 

Occasional Branches.—The common carotid usually gives off no branch previous to 
its bifurcation ; but it occasionally gives origin to the superior thyroid, or its laryngeal 
branch, the ascending pharyngeal, the inferior thyroid, or, more rarely, the vertebral 
artery. 

Sarate Marking.—The carotid arteries are covered throughout their entire extent 
by the Sterno-mastoid muscle, but their course does not correspond to the anterior 
border of the muscle, which passes in a somewhat curved direction from the mastoid 
process to the sterno-clavicular joint. The course of the artery is indicated more exactly 
by a line drawn from the upper part of the sternal end of the clavicle below, to a point 
midway between the angle of the jaw and the mastoid process above. The portion of this 
line below the level of the upper border of the thyroid cartilage would represent the 
course of the vessel. 

Surgical Anatomy.-—Aneurisms are not commonly met with on the common carotid ; 
when they do occur they are usually situated low down at the root of the neck, or just 
below the point of bifurcation of the vessel. They do not frequently assume a large size, 
and are more commonly found on the right side. As they increase in size they displace 
the trachea and larynx, and therefore dyspnea becomes a prominent symptom. 
Dysphagia also may be present from pressure on the cesophagus, especially if the aneurism 
is on the left side; and pressure on the recurrent laryngeal nerve may produce hoarseness 
and laryngeal cough. It is important to bear in mind that an enlarged gland in the 
superior carotid triangle, receiving a transmitted pulsation from the carotid artery, may 
simulate aneurism of that vessel, but may be distinguished from it by the character of the 
pulsation, which is not distensile. 

Digital compression of the common carotid is sometimes required, and is best 
effected by compressing the vessel with the thumb against the anterior tubercle of the 
transverse process of the sixth cervical vertebra (see page 162). The operation of tying 
the common carotid artery may be necessary in a case of wound of that vessel or its 
branches, in aneurism, or in a case of pulsating tumour of the orbit or skull. If the 
wound involves the trunk of the common carotid, it will be necessary to tie the artery 
above and below the wounded part. But in cases of aneurism, or where one of the 
branches of the common carotid is wounded in an inaccessible situation, it may be judged 
necessary to tie the trunk. In such cases, the whole of the artcry is accessible, and any 
part may be tied, except close to either end. When the case is such as to allow of a 
choice being made, the lower part of the carotid should never be selected as the spot upon 
which to place a ligature, for not only is the artery in this situation placed very deeply 
in the neck, but it is covered by three layers of muscles, and, on the left side, the internal 
jugular vein, in the great majority of cases, passes obliquely in front of it. Neither 
should the upper end be selected, for here the superior thyroid vein and its tributaries 
would give rise to very considerable difficulty in the application of a ligature. The point 
most favourable for the operation is that part of the vessel which is at the level of the 
cricoid cartilage. It oecasionally happens that the carotid artery bifurcates below its 
wsual position: if the artery be exposed at its point of bifurcation, both divisons of the 
vessel should be tied near their origin, in preference to tying the trunk of the artery near 
its termination ; and if, in consequence of the entire absence of the common carotid. or 
from its early division, two arteries, the external and internal carotids, are met with the 
ligature should be placed on that vessel which is found on compression to be connected 
with the disease. 

In this operation, the direction of the vessel and the inner margin of the Sterno-mastoid 
are the chief guides to its performance. The patient should be placed on his back with 
the head thrown back and turned slightly to the opposite side: an incision is to be made 
threé inches long, in the direction of the anterior border of the Sterno-mastoid. so that 
the centre corresponds to the level of the cricoid cartilage: after dividing the intecument 
superficial fascia, and Platysma, the deep fascia must be cut through on a dineoiedase ac 
to avoid wounding numerous small veins that are usually found beneath. The head ma 
now be brought forwards so as to relax the parts somewhat, and the margins of ho 
wound held asunder by retractors. The descendens hypoglossi nerve ae now be 
exposed, and must be avoided, and the sheath of the vessel having been raised 4 forceps 
is to be opened to a small extent over the artery at its inner side. The intemal ju ja 
vem may present itself alternately distended and relaxed; this should be co = sd 
both above and below, and drawn outwards, in order to facilitate the operati P Th 

i \ 1e operation. The 
aneurism needle is passed from the outside, care being taken to keep th dle im 
contact with th tery, and th 01 i iniuri hl gate close 
or including dic va ve “Bef a T pe ee of injuring the internal Jugular vein 

‘ve. Before the li is ti it s ; i 
nosing but the artery is included in it. gature is tied, it should be ascertained that 

ugature of the Common Carotid at the Lower Part of the Neck.—This operation i 

7 : ‘ ° a ig 
sometimes required in cases of aneurism of the upper part of the carotid, espeutilly if the 


sac is of large size. It is best performed by dividing the sternal origin of the Sterno- 
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mastoid muscle, but may be done in some cases, if the aneurism is not of very large size, 
by an incision along the anterior border of the Sterno-mastoid, extending down to the 
sterno-clavicular articulation, and by then retracting the muscle. The easiest and best 
plan, however, is to make an incision two or three inches long down the lower part of 
the anterior border of the Sterno-mastoid muscle to the sterno-clavicular joint, and a 
second incision, starting from the termination of the first, along the upper border of the 
clavicle for about two inches. This incision is made through the superficial and deep 
fascia and the sternal origin of the muscle exposed. This is to be divided on a director 
and turned up, with the superficial structures, as a triangular flap. Some loose connective 
tissue is to be divided or torn through, and the outer border of the Sterno-hyoid muscle 
exposed. In doing this, care must be taken not to wound the anterior jugular vein, which 
crosses the muscle to reach the external jugular or subclavian vein. The Sterno-hyoid, 
and with it the Sterno-thyroid, are to be drawn inwards by means of a retractor, and the 
sheath of the vessel is exposed. This must be opened with great care on its inner or 
tracheal side, so as to avoid the internal jugular vein. This is especially necessary on 
the left side, where the artery is commonly overlapped by the vein. On the right side 
there is usually an interval between the artery and the vein, and not the sameé risk of 
wounding the latter. 

The common carotid artery, being a long vessel without any branches, is particularly 
suitable for the performance of Brasdor’s operation for the cure of an aneurism of the 
lower part of the vessel. Brasdor’s procedure consists in ligaturing the artery on the 
distal side of the aneurism, and in the case of the common carotid there are no branches 
given off from the vessel between the aneurism and the site of the ligature, hence the flow 
of blood through the sac of the aneurism is diminished and cure takes place in the usual 
way, by the deposit of laminated fibrin. 

Collateral Circulation.—After ligature of the common carotid, the collateral circula- 
tion can be perfectly established, by the free communication which exists between the 
carotid arteries of opposite sides, both without and within the cranium, and by enlarge- 
ment of the branches of the subclavian artery on the side corresponding to that on which 
the vessel has been tied—the chief communication outside the skull taking place between 
the superior and inferior thyroid arteries, and the profunda cervicis and arteria princeps 
cervicis of the occipital; the vertebral taking the place of the internal carotid within the 
cranium. 
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The external carotid artery (fig. 475) commences opposite the upper border 
of the thyroid cartilage, and, taking a slightly curved course, passes upwards 
and forwards, and then inclines backwards to the space behind the neck of the 
condyle of the lower jaw, where it divides into the temporal and internal 
maxillary arteries. It rapidly diminishes in size in its course up the neck, 
owing to the number and large size of the branches given off from it. In the 
child, it is somewhat smaller than the internal carotid; but in the adult, the 
two vessels are of nearly equal size. At its commencement, this artery is more 
superficial, and placed nearer the middle line than the internal carotid, and 
is contained in the triangular space bounded by the Sterno-mastoid behind, 
the Omo-hyoid below, and the posterior belly of the Digastric and Stylo-hyoid 
above. 

Relations.—The external carotid artery is covered by the skin, superficial 
fascia, Platysma, deep fascia, and anterior margin of the Sterno-mastoid, crossed 
by the hypoglossal nerve, and by the lingual and facial veins; it is afterwards 
crossed by the Digastric and Stylo-hyoid muscles, and higher up passes deeply 
into the substance of the parotid gland, where it lies beneath the facial nerve 
and the junction of the temporal and internal maxillary veins. Internally is the 
hyoid bone, wall of the pharynx, the superior laryngeal nerve, and the ramus of 
the jaw, from which it is separated by a portion of the parotid gland. Externally, 
in the lower part of its course, is the internal carotid artery. Behind it, near 
its origin, is the superior laryngeal nerve; and higher up, it is separated from 
the internal carotid by the Stylo-glossus and Stylo-pharyngeus muscles, the 
glosso-pharyngeal nerve, and part of the parotid gland. 
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PLAN OF THE RELATIONS OF THE EXTERNAL CAROTID 


In front, 


Skin, superficial fascia. 

Platysma and deep fascia. 

Anterior border of Sterno-mastoid. 

Hypoglossal nerve. 

Lingual and facial veins. 

Digastric and Stylo-hycid muscles. (substance. 
Parotid gland with facial nerve and temporo-maxillary vein in its 


Internally. 
Hyoid bone. 
Pharynx. External Externally. 
Superior laryngeal nerve. Oarotid. Internal carotid artery. 
Parotid gland. 


Ramus of jaw. 





Behind. 


Superior laryngeal nerve. 
Stylo-glossus. 
Stylo-pharyngeus. 
Glosso-pharyngeal nerve. 
Parotid gland. 


Surface Marking.—The position of the external carotid artery may be marked out 
with sufficient accuracy by a line drawn from the front of the meatus of the external ear 
to the side of the cricoid cartilage, slightly arching the line forwards. 

Surgical Anatomy.—The application of a ligature to the external carotid may be 
required in cases of wound of this vessel, or of its branches when these cannot be tied, 
and in some cases of pulsating tumours of the scalp or face. The operation has not 
received the attention which it deserves, owing to the fear which surgeons have enter- 
tained of secondary hemorrhage, on account of the number of branches given off from 
the vessel. Cripps, however, has shown that this fear is not well founded.* The 
operation is to be preferred to ligature of the common carotid, as it does not interfere with 
the cerebral circulation. The seat of election for ligature is between the origin of the 
superior thyroid and lingual branches, about a finger’s breadth below the tip of the 
great cornu of the hyoid bone. To tie the vessel, an incision is to be made from the angle 
of the jaw to the upper border of the thyroid cartilage, and the superficial tissues and 
the deep fascia divided. The anterior border of the Sterno-mastoid must be retracted 
and the lower border of the parotid gland raised, so as to expose the tendon of the 
Digastric muscle and the hypoglossal nerve, which cross the artery. The great difficulty 
in doing this is due to the plexus of veins derived from the superior thyroid and lingual 
veins, which overlie the artery. If necessary, these must be ligatured and divided. Care 
must be taken not to mistake the lingual and facial, when they arise by a comma trunk 
as they sometimes do, for the external carotid. When the vessel is exposed, the needle 5 
to be passed from without inwards, carefully avoiding the superior laryngeal nerve, which 
lies in close proximity to the artery. The circulation is at once re-established by the 
free communication between most of the large branches of the artery (facial le 
angrier eee ee and y gs V arteries of the opposite side, and by the 
anastomosis of its branches wi ose of the internal i ni , 
branches of the subclavian, &c. carotid, and of the occipital with 


Branches.—The external carotid artery gives off eight branch i 
convenience of description, may be divided into — Gentes > a for 


Anterior. Posterior. Ascending. Terminal 
Superior Thyroid. Occipital. Ascendin Superficial Ten 
Tagine Posterior Auricular. Phang. Internal ao 

acial. 


The student is here reminded that many variations ar ith i 
number, origin, and course of these branches in different aen osrin 
arrangement is that which is found in the great majority of ¢ pti ve 
f The Superior Thyroid Artery (figs. 475 and 478) is the first branch given off 
rom the external carotid, being derived from that vessel just below the great 
cornu of the hyoid bone. At its commencement it is quite superficial San 
covered by the integument, fascia, and Platysma, and is contained in 8 


* Med.-Char. Trans. vol. Ixi. p. 229. 
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triangular space bounded by the Sterno-mastoid, Digastric, and Omo-hyoid 
muscles. After running upwards and inwards for a short distance, it curves 
downwards and forwards, in an arched and tortuous manner, to the upper part 
of the thyroid gland, passing beneath the Omo-hyoid, Sterno-hyoid, and Sterno- 
thyroid muscles and supplying them. It distributes numerous branches to the 
upper part of the gland, anastomosing with its fellow of the opposite side, and 
with the inferior thyroid arteries. The branches supplying the gland are 
generally three in number: one, the largest, supplies principally the anterior 
surface of the gland ; it courses along the inner border of the lobe as far as the 
upper border of the isthmus, and then passes in the substance of the isthmus to 
the middle line of the neck, where it anastomoses with the corresponding artery 
of the opposite side: a second branch courses along the external border of the 
lobe and supplies this portion of the gland, and the third 

passes to the posterior surface, the upper part of which Fic. 476.—Plan of the 
it supplies. Besides the arteries distributed to the branches of the ex- 
muscles by which it is covered and to the substance of ternal carotid, 

the gland, the branches of the superior thyroid are the 
following : 


Infrahyoid. Superior laryngeal. 
Sterno-mastoid. Crico-thyroid. 


The infrahyoid is a small branch which runs along 
the lower border of the hyoid bone beneath the Thyro- 
hyoid muscle; after supplying the muscles connected 
to that bone, it forms an arch, by anastomosing with 
the vessel of the opposite side. 

The sterno-mastoid runs downwards and outwards 
across the sheath of the common carotid artery, and 
supplies the Sterno-mastoid and neighbouring muscles 
and integument. There is frequently a separate branch 
from the external carotid distributed to the Sterno- 
mastoid muscle. 

The superior laryngeal, larger than either of the 
pregeding accompanies the internal laryngeal nerve, 

eneath the Thyro-hyoid muscle; it pierces the thyro- 
hyoid membrane, and supplies the muscles, mucous 
membrane, and glands of the larynx, anastomosing 
with the branch from the opposite side. 

The crico-thyroid is a small branch which runs transversely across the crico- 
thyroid membrane, communicating with the artery of the opposite side. 





Surgical Anatomy.—The superior thyroid, or one of its branches, is often divided in 
cases of cut throat, giving rise to considerable hemorrhage, In such cases, the artery 
should be secured, the wound being enlarged for that purpose, if necessary. The opera- 
tion may be easily performed, the position of the artery being very superficial, and the 
only structures of importance covering it being a few sinall veins. The operation of tying 
the superior thyroid artery, in bronchocele, has been performed in numerous instances 
with partial or temporary success. When, however, the collateral circulation between 
this vessel and the artery of the opposite side, and the inferior thyroid, is completely 
re-established, the tumour usually regains its former size, and hence the operation has 
been given up, especially as better resulis are obtained by other means. Both thyroid 
arteries on the same side, and indeed all the four thyroid arteries, have been tied in 
enlarged thyroid. 

The position of the sterno-mastoid branch is of importance in connection with the 
operation of ligature of the common carotid artery. It crosses and lies on the sheath 
of this vessel and may chance to be wounded in opening the sheath. The position of the 
crico-thyroid branch should be remembered, as it may prove the source of troublesome 
hemorrhage during the operation of laryngotomy. 


The Lingual Artery (figs. 478, 481) arises from the external carotid between 
the superior thyroid and facial; it first runs obliquely upwards and inwards 
to the great cornu of the hyoid bone ; it then curves downwards and forwards, 
forming a loop which is crossed by the hypoglossal nerve, and passing beneath 
the Digastric and Stylo-hyoid muscles, it runs horizontally forwards, beneath the 
Hyo-glossus, and finally, ascending almost perpendicularly to the tongue, turns 
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forwards on its lower surface as far as the tip, under the name of the ranme 
artery. 

Relations —Its first, or oblique, portion is superficial, being contained in the 
same triangular space as the superior thyroid artery, resting upon the Middle 
constrictor of the pharynx, and covered by the Platysma, and fascia of the neck. 
Its second, or curved, portion also lies upon the Middle constrictor, being covered 
at first by the tendon of the Digastric and the Stylo-hyoid muscle, and afterwards 
by the Hyo-glossus, the latter muscle separating it from the hypoglossal nerve. 
lis third, or horizontal, portion hes between the Hyo-glossus and, Genio-hyo- 
glossus muscles. The fourth, or terminal, part, under the name of the ranne, 
runs along the under surface of the tongue to its tip: here it is very superficial, 
being covered only by the mucous membrane ; above it is the Lingualis inferior, 
and on the outer side the Genio-hyo-glossus. The hypoglossal nerve crosses 
the lingual artery, and then becomes separated from it, in the second part of its 
course, by the Hyo-glossus muscle. 

The branches of the lingual artery are, the 


Suprahyoid. Sublingual. 
Dorsalis Lingue. Ranine. 


The suprahyoid runs along the upper border of the hyoid bone, supplying 
the muscles attached to it and anastomosing with its fellow of the opposite side. 

The dorsalis lingue (fig. 481) arises from the lingual artery beneath the Hyo- 
glossus muscle (which, in the figure, has been partly cut away, to show the 
vessel) ; it ascends to the back part of the dorsum of the tongue, and supplies 
the mucous membrane in this situation, the tonsil, soft palate, and epiglottis ; 
anastomosing with its fellow from the opposite side. This artery is frequently 
represented by two or three small branches. 

The sublingual arises at the anterior margin of the Hyo-glossus muscle, and 
runs forward between the Genio-hyo-glossus and Mylo-hyoid to the sublingual 
gland. It supplies the substance of the gland, giving branches to the Mylo- 
hyoid and neighbouring muscles, the mucous membrane of the mouth and gums. 
One branch runs behind the alveolar process of the lower jaw in the substance 
of the gum to anastomose with a similar artery from the other side. 

The ranine is the terminal portion of the lingual artery; it pursues a tortuous 
course and runs along the under surface of the tongue, below the Inferior 
lingualis, and above the mucous membrane; it lies on the outer side of the 
Genio-hyo-glossus, accompanied by the lingual nerve. On arriving at the tip of 
the tongue, it has been said to anastomose with the artery of the opposite side ; 
but this is denied by Hyrtl. In the mouth, these vessels are placed one on each 
side of the freenum. 


Surgical Anatomy.—The lingual artery may be divided near its origin in cases of 
cut throat, a complication that not infrequently happens in this class of wounds; or 
severe hemorrhage, which cannot be restrained by ordinary means, may ensue from a 
wound, or deep ulcer, of the tongue. In the former case, the primary wound may be 
enlarged if necessary, and the bleeding vessel secured. In the latter case, it has been 
suggested that the lingual artery should be tied near its origin. Ligature of the lingual 
artery has been also occasionally practised, as a palliative roeasure, in cases of cancer of 
the tongue, in order to check the progress of the disease by starving the growth, and it is 
sometimes tied, as a preliminary measure to removal of the tongue. The operation is a 
difficult one, on account of the depth of the! artery, the number of important parts by 
which it is surrounded, the loose and yielding nature of the parts upon which it is 
supported, and its occasional irregularity of origin. An incision is to be made in s 
curved direction from a finger’s breadth external to the symphysis of the jaw downwards 
to the cornu of the hyoid bone, and then upwards to near the angle of the jaw. Care 
must be taken not to carry this incision too far backwards, for fear of endangering the 
facial vein. In the first incision the skin, superficial fascia, and Platysma will be divided 
and the deep fascia exposed. This is then to be incised and the submaxillary gland 
exposed and pulled upwards by retractors. A triangular space is now seen, bounded 
internally by the posterior border of the Mylo-hyoid muscle; below and externally by 
the tendon of the Digastric; and above, by the hypoglossal nerve. The fioor of the space 
is formed by the Hyo-glossus muscle, beneath which the artery lies. The parts are to 
be drawn forwards by a blunt hook inserted beneath the tendon of the Digastric muscle 
and the fibres of the Hyo-glossus cut through horizontally just above the Digastric. 
The vessel will then be exposed; and in passing the aneurism needle, care must be taken 
not to open the pharynx. The hypoglossal nerve must also be avoided. 

Troublesome hemorrhage may occur in the division of the frenum in children, if the 
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ranine artery, which lies on each side of it, is wounded. The student should remember 
that the operation is always to be performed with a pair of blunt-pointed scissors, and the 
mucous membrane only is to be divided by a very superficial cut, which cannot endanger 
any vessel. The scissors, also, should be directed away from the tongue. Any further 
liberation of the tongue which may be necessary can be effected by tearing. 


The Facial Artery (external maxillary) (fig. 477) arises a little above the 
lingual, and passes obliquely upwards, beneath the Digastric and Stylo-hyoid 
muscles, and frequently beneath the hypoglossal nerve; it now runs forwards 
under cover of the body of the lower jaw, lodged in a groove on the posterior 
surface of the submaxillary gland; this may be called the cervical part of the 
artery. It then curves upwards over the body of the jaw at the anterior inferior 
angle of the Masseter muscle; passes forwards and upwards across the cheek to 
the angle of the mouth, then upwards along the side of the nose, and terminates 
at the inner canthus of the eye, under the name of the angular artery. This 
vessel, both in the neck and on the face, is remarkably tortuous: in the former 
situation, to accommodate itself to the movements of the pharynx in deglutition ; 
and in the latter, to the movements of the jaw, and the lips and cheeks. 

Relations.—In the neck, its origin is superficial, being covered by the 
integument, Platysma, and fascia; it then passes beneath the Digastric and 
Stylo-hyoid muscles, and part of the submaxillary gland. It hes upon the 
middle constrictor of the pharynx, and is separated from the Stylo-glossus and 
Hyo-glossus muscles by a portion of the submaxillary gland. On the face, 
where it passes over the body of the lower jaw, it is comparatively superficial, 
lying immediately beneath the Platysma. In this situation its pulsation may be 
distinctly felt, and compression of the vessel against the bone can be effectually 
made. In its course over the face, it is covered by the integument, the fat of 
the cheek, and, near the angle of the mouth, by the Platysma, Risorius, and 
Zygomatici muscles. It rests on the Buccinator, the Levator anguli oris, and 
the Levator labii superioris (sometimes piercing or else passing under this last 
muscle). The facial vein lies to the outer side of the artery, and takes a more 
direct course across the face, where it is separated from the artery by a consider- 
able interval. In the neck it lies superficial to the artery. The branches of the 
facial nerve cross the artery, and the infra-orbital nerve lies beneath it. 

The branches of this vessel may be divided into two sets: those given off 
below the jaw (cervical), and those on the face (facial). 


Cervical Branches. Facial Branches. 
Inferior or Ascending palatine. Inferior labial. 
Tonsillar. Inferior coronary. 
Submaxillary. Superior coronary. 
Submental. Lateral nasal. 
Muscular. Angular. 


The inferior or ascending palatine (fig. 481) passes up between the Stylo- 
glossus and Stylo-pharyngeus to the outer side of the pharynx, along which it is 
continued between the Superior constrictor and the Internal pterygoid to near 
the base of the skull. It divides, near the Levator palati, into two branches : 
one follows the course of the Levator palati; and, winding over the upper border 
of the Superior constrictor, supplies the soft palate and the palatine glands, 
anastomosing with its fellow of the opposite side and with the posterior palatine 
branch of the internal maxillary artery ; the other pierces the Superior constrictor 
and supplies the tonsil and Eustachian tube, anastomosing with the tonsillar and 
ascending pharyngeal arteries. 

The tonsillar branch (fig. 481) passes up between the Internal pterygoid and 
Stylo-glossus, and then ascends along the side of the pharynx, perforating the 
Superior constrictor, to ramify in the substance of the tonsil and root of the 
tongue. 

The submaxillary or glandular branches consist of three or four large vessels, 
which supply the submaxillary gland, some being prolonged to the neighbouring 
muscles, lymphatic glands, and integument. : | 

The submental, the largest of the cervical branches, 1s given off from the facial 
artery just as that vessel quits the submaxillary gland : it runs forwards upon the 
Mylo-hyoid muscle, just below the body of the jaw, and beneath the Digasiric ; 
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fter supplying the surrounding muscles, and anastomosing with the sublingual 
ate a a which perforate the Mylo-hyoid muscle, it arrives at- ~ 
symphysis of the chin, where it turns over the order of the jaw and divides 
into a superficial and a deep branch ; the former passes between the integument 
and Depressor labii inferioris, supplies both, and anastomoses with the inferior 
labial artery. The deep branch passes between the latter muscle and the bone, 
supplies the lip, and anastomoses with the inferior labial and mental arteries. 
The muscular branches are distributed to the Internal pterygoid and Stylo- 
hyoid in the neck, and to the Masseter and Buccinator on the face. 
The inferior labial passes beneath the Depressor anguli oris, to supply the 
muscles and integument of the lower lip, anastomosing with the inferior coronary 
and submental branches of the facial, and with the mental branch of the inferior 


dental artery. 
Fic. 477.—The arteries of the face and scalp.* 
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The inferior coronary is derived from the facial artery, near the angle of the 
mouth ; it passes upwards and inwards beneath the Depressor anguli oris, and 
penetrating the Orbicularis oris muscle, runs in a tortuous course along the edge 
of the lower lip between this muscle and the mucous membrane, inosculating 
with the artery of the opposite side. This artery supplies the labial glands, the 
mucous membrane, and muscles of the lower lip; and anastomoses with the 
inferior labial and the mental branch of the inferior dental artery. 

The superior coronary is larger and more tortuous than the preceding. 
It follows the same course along the edge of the upper lip lying between 
the mucous membrane and the Orbicularis oris, an anastomoses with the 
artery of the opposite side. It supplies the textures of the upper lip, and gives 


~ The muscular tissue of the lips must be su 


osed to have b i š 
show the course of the coronary arteries. pp een cut away, in order to 
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off in its course two or three vessels which ascend to the nose. One, named the 
inferior artery of the septum, ramifies on the septum of the nares as far as the 
point of the nose; another, the artery of the ala, supplies the ala of the nose. 

The lateral nasal is derived from the facial, as that vessel ascends along 
the side of the nose ; it supplies the ala and dorsum of the nose, anastomosing 
with its fellow, the nasal branch of the ophthalmic, the inferior artery of the 
septum, the artery of the ala, and the infra-orbital. 

The angular artery is the termination of the trunk of the facial; it ascends 
to the inner angle of the orbit, embedded in the fibres of the Levator labii 
superioris aleque nasi, and accompanied by a large vein, the angular; it 
distributes some branches on the cheek which anastomose with the infra-orbital, 
and, after supplying the lachrymal sac and Orbicularis palpebrarum muscle, 
terminates by anastomosing with the nasal branch of the ophthalmic artery. 

The anastomoses of the facial artery are very numerous, not only with the 
vessel of the opposite side, but, in the neck, with the sublingual branch of the 
lingual; with the ascending pharyngeal ; with the posterior palatine, a branch of 
the internal maxillary, by its inferior or ascending palatine and tonsillar branches ; 
on the face, with the mental branch of the inferior dental as it emerges from 
the mental foramen ; with the transverse facial, a branch of the temporal; with 
the infra-orbital, a branch of the internal maxillary; and with the nasal branch 
of the ophthalmic. 


Peculiarities.,—The facial artery not infrequently arises by a common trunk with 
the lingual. This vessel is also subject to some variations in its size, and in the extent 
to which it supplies the face. It occasionally terminates as the submental, and not 
infrequently extends only as high as the angle of the mouth or nose. The deficiency 
is then compensated for by enlargement of one of the neighbouring arteries. 

Surgical Anatomy.—The passage of the facial artery over the body of the jaw would 
appear to afford a favourable position for the application of pressure in cases of hemorrhage 
from the lips, the result either of an accidental wound or during an operation; but its 
application is useless, except for a very short time, on account of the free communication 
of this vessel with its fellow, and with numerous branches from different sources. In a 
wound involving the lip, it is better to seize the part between the fingers, and evert it, 
when the bleeding vessel may be at once secured with pressure-forceps. In order to 
prevent hemorrhage in cases of removal of diseased growths from the part, the lip 
should be compressed on each side between the fingers and thumb, or by a pair of 
specially devised clamp-forceps, while the surgeon excises the diseased part. In order to 
stop hemorrhage where the lip has been divided in an operation, it is necessary, in 
uniting the edges of the wound, to pass the sutures through the cut edges, almost as deep 
as its mucous surface; by these means, not only are the cut surfaces more neatly and 
securely adapted to each other, but the possibility of hemorrhage is prevented by 
including in the suture the divided artery. If the suture is, on the contrary, passed 
through merely the cutaneous portion of the wound, hemorrhage occurs into the cavity 
of the mouth. The student should, lastly, observe the relation of the angular artery to 
the lachrymal sac, and it will be seen that, as the vessel passes up along the inner margin 
of the orbit, it ascends on its nasal side. In operating for fistula lachrymalis, the sac 
should always be opened on its outer side, in order that this vessel may be avoided. 


The Occipital Artery (figs. 477, 478) arises from the posterior part of the 
external carotid, opposite the facial, near the lower margin of the Digastric 
muscle. At its origin, it is covered by the posterior belly of the Digastric and 
Stylo-hyoid muscles, and the hypoglossal nerve winds around it from behind 
forwards; higher up, it passes across the internal carotid artery, the internal 
jugular vein, and the pneumogastric and spinal accessory nerves ; it next ascends 
to the interval between the transverse process of the atlas and the mastoid 
process of the temporal bone, and passes horizontally backwards, grooving the 
surface of the latter bone, being covered by the Sterno-mastoid, Splenius, 
Trachelo-mastoid, and Digastric muscles, and resting upon the Rectus lateralis, 
the Superior oblique, and Complexus muscles ; it then changes its course and 
passes vertically upwards, pierces the fascia which connects the cranial attach- 
ment of the Trapezius with the Sterno-mastoid, and ascends in a tortuous course 
over the occiput, as high as the vertex, where it divides into numerous branches. 
Tt is accompanied in the latter part of its course by the great occipital nerve. 

The branches given off from this vessel are : 


Muscular. Sterno-mastoid. Auricular. 
Meningeal. Arteria princeps cervicis. 
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The muscular branches supply the Digastric, Stylo-hyoid, Splenius, and 
-mastoid muscles. = 
p is a large and constant branch, generally lee ae = 
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Fic. 478.—The occipital artery and its relations. 
(From a dissection by Gerald S. Hughes.) 
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supplies the dura mater, the diploé, and the mastoid cells. This branch is 
sometimes given off directly from the occipital artery, and is then known as the 
mastou branch. 

The meningeal branch ascends with the internal jugular vein, and enters the 
skull through the foramen lacerum posterius, to supply the dura mater in the 
posterior fossa. 

The arteria princeps cervicis (fig. 481), the largest branch of the occipital, 
descends along the back part of the neck, and divides into a superficial and deep 
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portion. The former runs beneath the Splenius, giving off branches which 
perforate that muscle to supply the Trapezius, anastomosing with the superficial 
cervical artery, a branch of the Transversalis colli: the latter passes beneath the 
Complexus, between it and the Semispinalis colli, and anastomoses with branches 
from the vertebral and with the deep cervical artery, a branch of the superior 
intercostal. The anastomosis between these vessels assists in establishing the 
collateral circulation after ligature of the common carotid or subclavian artery. 

The cranial branches of the occipital artery are distributed upon the occiput : 
they are very tortuous, and lie between the integument and Occipito-frontalis, 
anastomosing with the artery of the opposite side and with the posterior 
auricular and temporal arteries. They supply the back part of the Occipito- 
frontalis muscle, the integument, and pericranium. 

The Posterior Auricular Artery (fig. 477) is a small vessel which arises from 
the external carotid, above the Digastric and Stylo-hyoid muscles, opposite the 
apex of the styloid process. It ascends, under cover of the parotid gland, on the 
styloid process of the temporal bone, to the groove between the cartilage of the 
ear and the mastoid process, immediately above which it divides into its two 
terminal branches, the auricular and mastoid. 

Besides several small branches to the Digastric, Stylo-hyoid, and Sterno- 
mastoid muscles, and to the parotid gland, this vessel gives off three branches : 


Stylo-mastoid. Auricular. Mastoid. 


The stylo-mastoid branch enters the stylo-mastoid foramen, and supplies 
the tympanum, mastoid cells, and semicircular canals. In the young subject 
a branch from this vessel forms, with the tympanic branch from the internal 
maxillary, a vascular circle, which surrounds the membrana tympani, and from 
which delicate vessels ramify on that membrane. It anastomoses with the 
petrosal branch of the middle meningeal artery by a twig, which enters the 
hiatus Fallopii. 

The auricular branch, one of the terminal branches, ascends behind the ear, 
beneath the Retrahens auriculam muscle, and is distributed to the back part of 
the cartilage of the ear, upon which it ramifies minutely, some branches curving 
round the margin of the fibro-cartilage, others perforating it, to supply its anterior 
surface. It anastomoses with the posterior branch of the superficial temporal 
and also with its anterior auricular branches. 

The mastoid branch passes backwards, over the Sterno-mastoid muscle, to 
the scalp above and behind the, ear. It supplies the posterior belly of the 
Occipito-frontalis muscle and the scalp in this situation. It anastomoses with 
the occipital artery. 

The Ascending Pharyngeal Artery (fig. 481), the smallest branch of the 
external carotid, is a long, slender vessel, deeply seated in the neck, beneath the 
other branches of the external carotid and the Stylo-pharyngeus muscle. It 
arises from the back part of the external carotid, near the commencement of that 
vessel, and ascends vertically between the internal carotid and the side of the 
pharynx, to the under surface of the base of the skull, lying on the Rectus capitis 
anticus major. It terminates by dividing into branches which supply the 
pharynx and soft palate. Its branches may be subdivided into five sets : 


Pharyngeal. Prevertebral. 
Palatine. Tympanie. 
Meningeal. 


The pharyngeal branches are three or four in number. Two of these descend 
to supply the middle and inferior Constrictors and the ‘Stylo-pharyngeus, 
ramifying in their substance and in the mucous membrane lining them. 

The palatine branch is a vessel of variable size, which sometimes takes the 
place of the ascending palatine branch of the facial artery, when that vessel 
is of small size. It passes inwards, running upon the Superior constrictor, and 
sends ramifications to the soft palate and tonsil. A twig from this branch 
supplies the Eustachian tube. a 

The prevertebral branches are numerous small vessels, which supply the 
Recti capitis antici and Longus colli muscles, the sympathetic, hypoglossal, 
and pneumogastric nerves, and the lymphatic glands, anastomosing with the 
ascending cervical artery. 
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The tympanic branch is a small artery which passes through a minute foramen 
in the petrous portion of the temporal bone, in company with the tympanic 
branch of the glosso-pharyngeal nerve to supply the inner wall of the tympanum 
and anastomose with the other tympanic arteries. P 

The meningeal branches consist of several small vessels, which pass through 
foramina in the base of the skull, to supply the dura mater. One, the posterior 
meningeal, enters the cranium through the foramen lacerum posterius; a second 
passes through the foramen lacerum medium; and occasionally a third through 
the anterior condyloid foramen. They are all distributed to the dura mater. 


Surgical Anatomy.—The ascending pharyngeal artery has been wounded from the 
throat; as in the case in which the stem of a tobacco-pipe was driven into the vessel, 
causing fatal hemorrhage. 


The Superficial Temporal Artery (fig. 477), the smaller of the two termina! 
branches of the external carotid, appears, from its direction, to be the continua- 
tion of that vessel. It commences in the substance of the parotid gland, behind 
the neck of the lower jaw, crosses over the posterior root of the zygoma, passes 
beneath the Attrahens auriculam muscle, lying on the temporal fascia, and 
divides, about two inches above the zygomatic arch, into two branches, an 
anterior and a posterior. 

The anterior temporal runs tortuously upwards and forwards to the fore- 
head, supplying the muscles, integument, and pericranium in this region, and 
anastomoses with the supra-orbital and frontal arteries. 

The posterior temporal, larger than the anterior, curves upwards and back- 
wards along the side of the head, lying superficial to the temporal fascia, and 
inosculates with its fellow of the opposite side, and with the posterior auricular 
and occipital arteries. | 

The superficial temporal artery, as if crosses the zygoma, is cavered by the 
Attrahens auriculam muscle, and by a dense fascia given off from the parotid 
gland: it is crossed by the temporo-facial division of the facial nerve and one or 
two veins, and is accompanied by the auriculo-temporal nerve, which lies behind 
it. Besides some twigs to the parotid gland, the articulation of the jaw, and the 
Masseter muscle, its branches are, the 


Transverse facial. Middle temporal. 
Anterior auricular. 


The transverse facial is given off from the temporal before that vessel quits 
the parotid gland; running forwards through its substance, it passes transversely 
across the face, between Stenson’s duct and the lower border of the zygoma, 
and divides on the side of the face into numerous branches, which supply the 
parotid gland, the Masseter muscle, and the integument, anastomosing with the 
facial, masseteric, and infra-orbital arteries. This vessel rests on the Masseter, 
and is accompanied by one or two branches of the facial nerve. It is sometimes 
a branch of the external carotid. 

The middle temporal artery arises immediately above the zygomatic arch, 
and, perforating the temporal fascia, gives branches to the Temporal muscle, 
anastomosing with the deep temporal branches of the internal maxillary. It 
occasionally gives off an orbital branch, which runs along the upper border of the 
zygoma, between the two layers of the temporal fascia, to the outer angle of the 
orbit. This branch, which may arise directly from the superficial ternporal artery, 
supplies the Orbicularis palpebrarum, and anastomoses with the lachrymal and 
palpebral branches of the ophthalmic artery. 

The anterior auricular branches are distributed to the anterior portion of the 


pinna, the lobule, and part oi the external meatus, anastomosing with branches 
of the posterior auricular. 


Surgical Anatomy.—The temporal artery, as it crosses the zygoma, lies immediately 
beneath the skin, and its pulsations may be readily felt during the administration of an 
anesthetic, or under circumstances where the radial pulse is not available; or it may be 
easily compressed against the bone in order to check bleeding from the temporal region 
of the scalp. When flaps are raised from this part of the head, as in the operation of 
trephining, the incisions should be shaped like a horse-shoe, with its convexity upwards 
so that it shall contain the temporal artery and ensure a sufficient supply of blood. The 
same principle is applied, as far as possible, in making incisions to raise flaps in other 
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parts of the scalp. Formerly the operation of arteriotomy was performed upon this 
vessel in cases of inflammation of the eye or brain, but now the operation is probably 
never performed. If the student will consider the relations of the trunk of the vessel, as 
it crosses the zygomatic arch, with the surrounding structures, he will observe that it is 
covered by a thick and dense fascia, crossed by one of the main divisions of the facial 
nerve and one or two veins, and accompanied by the auriculo-temporal nerve. Bleeding 
should not be performed in this situation, as much difficulty may arise from the dense 
fascia over the vessel preventing a free flow of blood, and considerable pressure is requisite 
afterwards to arrest the hemorrhage. Again, a varicose aneurism may be formed by the 
accidental opening of one of the veins in front of the artery; or severe neuralgic pain 
may arise from the operation implicating one of the nervous filaments in the neighbour- 
hood. The anterior branch, on the contrary, is subeutaneous, is a large vessel, and is 
readily compressed; it is consequently more suitable for the operation. 


The Internal Maxillary Artery (fig. 479), the larger of the two terminal 
branches of the external carotid, arises from that vessel behind the neck of the 


Fic. 479.—The internal maxillary artery, and its branches. 
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lower jaw, and is at first embedded in the substance of the parotid gland ; it 
passes inwards between the ramus of the jaw and the internal lateral ligament, 
and then upon the outer surface of the External pterygoid muscle to the spheno- 
maxillary fossa to supply the deep structures of the face. For convenience of 
description, it is divided into three portions: a maxillary, a pterygoid, and a 
spheno-maxillary. 
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In the first part of its course (maxillary portion), the artery passes horizon- 
tally forwards and inwards, between the ramus of the jaw and the internal 
lateral ligament. The artery here lies parallel to and a little below the auriculo- 
temporal nerve ; it crosses the inferior dental nerve, and lies along the lower 
border of the External pterygoid muscle. Cai: , 

In the second part of its course (pterygoid portion), it runs obliquely forwards 
and upwards upon the outer surface of the External pterygoid musele, being 
covered by the ramus of the lower jaw, and lower part of the Temporal musele ; 
or it may pass on the inner surface of the External pterygoid musele to reach 
the interval between its two heads, between which it passes to reach the spheno- 
maxillary fossa. ER 

In the third part of its course (spheno-maxillary portion), it approaches the 
superior maxillary bone, and enters thé spheno-maxillary fossa in the interval 
between the two heads of the External pterygoid, where it lies in relation with 
Meckel’s ganglion, and gives off its terminal branches. 

The branches of this vessel may be divided into three groups, corresponding 
with its three divisions. 


BRANCHES OF THE First oR MAXILLARY PORTION 


Tympanic (anterior) Middle meningeal. 
Deep auricular. Small meningeal. 
Inferior dental. 


The tympanic branch passes upwards behind the articulation of the lower 
jaw, enters the tympanum through the Glaserian fissure, and ramifies upon the 
membrana tympani, forming a vascular circle around the membrane with the 
stylo-mastoid branch of the posterior auricular artery, and anastomosing with 
the Vidian and the tympanic branch from the internal carotid. 

The deep auricular branch often arises in common with the preceding. It 
passes upwards in the substance of the parotid gland, behind the temporo- 
maxillary articulation, pierces the cartilaginous or bony wall of the external 
auditory meatus, and supplies its cuticular lining and the outer surface of 
the membrana tympani. {n its course it supplies a branch to the temporo- 
mandibular joint. 

The middle meningeal is the largest of the branches which supply the dura 
mater. It arises from the internal maxillary, ascends between the internal 
lateral ligament and the External pterygoid muscle, and passes between the two 
roots of the auriculo-temporal nerve to the foramen spinosum of the sphenoid 
bone, through which it enters the cranium, and passing upwards and forwards in 
a groove on the greater wing of the sphenoid bone, it divides into two branches, 
anterior and posterior. The anterior branch, the larger, crosses the great ala of 
the sphenoid, and reaches the groove, or canal, in the anterior inferior angle of 
the parietal bone: it then divides into branches which spread out between the 
dura mater and internal surface of the cranium, some passing upwards over 
the parietal bone as far as the vertex, and others backwards to the occipital 
bone. The posterior branch crosses the squamous portion of the temporal, and 
on the inner surface of the parietal bone divides into branches which supply 
the posterior part of the dura mater and cranium. The branches of this 
vessel are distributed partly to the dura mater, but chiefly to the bones ; they 
anastomose with the arteries of the Opposite side, and with the anterior and 
posterior meningeal. 

The middle meningeal on entering the cranium gives off the following 
branches: 1. Numerous small vessels to the Gasserian ganglion, and to the 
dura mater in this situation. 2. A petrosal branch, which enters the hiatus 
Fallopii, supplies the facial nerve, and anastomoses with the stylo-mastoid 
branch of the posterior auricular artery. 3. A minute tympanic branch, which 
runs in the canal for the Tensor tympani muscle, and supplies this muscle and 
the lining membrane of the canal. 4. Orbital branches, which pass through 
the sphenoidal fissure, or through separate canals in the great wing of the 
sphenoid to anastomose with the lachrymal or other branches of the ophthalmic 
artery. 5. Temporal or anastomotic branches, which pass through foramina in 
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the great wing of the sphenoid, and anastomose in the temporal fossa with the 
deep temporal arteries. 


Surgical Anatomy.—-The middle meningeal is an artery of considerable surgical 
importance, as it may be torn in fractures of the temporal region of the skull, or, indeed, 
by injuries causing separation of the dura mater from the bone, without fracture, and the 
injury may be followed by considerable hemorrhage between the bone and dura maiter, 
which may produce compression of the brain, and require the operation of trephining for 
its relief. As the compression implicates the motor region of the cortex, paralysis on the 
opposite side of the body forms the prominent symptom of the lesion. The anterior 
branch of this artery crosses the anterior inferior angle of the parietal bone at a point 
14 inch behind the external angular process of the frontal bone, and 1? inch above the 
zygoma. From this point it passes upwards and slightly backwards to the sagittal suture, 
lying about } inch to ? inch behind the coronal suture. The posterior branch passes 
backwards over the squamous portion of the temporal bone. In order to expose the 
anterior branch of the artery, a point is taken 14 inch above the zygoma and the same 
distance behind the external angular process of the frontal bone. This is the point where 
the pin of the trephine is to be applied. A horseshoe-shaped flap of skin, measuring three 
inches in length and transversely, is now to be made, with its base just above the zygoma, 
consisting of all the structures of the scalp down to the pericranium. This flap is 
reflected, and a crucial incision is made in the pericranium, the point of meeting of the 
four arms being at the spot indicated above. The pericranium is turned back and an 
inch trephine applied. After the crown of bone has been removed, the blood-clot is 
exposed, and must be gently got rid of with the scoop of a director. 


The small meningeal is sometimes derived from the preceding. It enters the 
skull through the foramen ovale, and supplies the Gasserian ganglion and dura 
mater. | | 

The inferior dental descends with the inferior dental nerve to the foramen on 
the inner side of the ramus of the jaw. It runs along the dental canal in the 
substance of the bone, accompanied by the nerve, and opposite the first bicuspid 
tooth divides into two branches, incisor and mental; the former is continued 
forwards beneath the incisor teeth as far as the symphysis, where it anastomoses 
with the artery of the opposite side; the mental branch escapes with the 
nerve at the mental foramen, supplies the structures composing the chin, and 
anastomoses with the submental, inferior labial, and inferior coronary arteries. 
Near its origin the inferior dental artery gives off a lingual branch, which 
descends with the lingual (gustatory) nerve and supplies the mucous membrané 
of the mouth. As the inferior dental artery enters the foramen, it gives off a 
mylo-hyoid branch, which runs in the mylo-hyoid groove, and ramifies on the 
under surface of the Mylo-hyoid muscle. The inferior dental artery and its 
incisor branch during their course through the substance of the bone give off 
afew twigs which are lost in the cancellous tissue, and a series of branches 
which correspond in number to the roots of the teeth: these enter the minute 
apertures at the extremities of the fangs, and supply the pulp of the teeth. 


BRANCHES OF THE SECOND OR PTERYGOID PORTION 


Deep temporal. Masseteric. 
Pterygoid. Buccal. 


These branches are distributed, as their names imply, to the muscles in the 
maxillary region. l 

The deep temporal branches. are two in number, anterior and posterior, and 
each occupies that part of the temporal fossa indicated by its name. Ascending 
between the Temporal muscle and pericranium, they supply that muscle, and 
anastomose with the middle temporal artery; the anterior branch communi- 
cating with the lachrymal through small branches which perforate the malar 
bone and great wing of the sphenoid. _ pen 

The pterygoid branches, irregular in their number and origin, supply the 

id muscles. . ae 

Prees masseteric is a small branch which passes outwards, above the sigmoid 
notch of the lower jaw, to the deep surface of the Masseter. It supplies that 
muscle, and anastomoses with the masseteric branches of the facial and with 


the transverse facial artery. 
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The buccal is a small branch which runs obliquely forwards, between the 
Internal pterygoid and the ramus of the jaw, to the outer surface of the 
Buccinator, to which it is distributed, anastomosing with branches of the facial 
artery. 

BRANCHES OF THE THIRD OR SPHENO-MAXILLARY PORTION 


Alveolar. Vidian. l 
Infra-orbital. Pterygo-palatine. l 
Posterior or Descending palatine. Naso- or Spheno-palatine. 


The alveolar or posterior dental branch is given off from the internal 
maxillary, frequently by a common branch with the infra-orbital, just as the 
trunk of the vessel is passing into the spheno-maxillary fossa. Descending 
upon the tuberosity of the superior maxillary bone, it divides into numerous 
branches, some of which enter the posterior dental canals, to supply the molar 
and bicuspid teeth and the lining of the antrum, while others are continued 
forwards on the alveolar process to supply the gums. 

The infra-orbital appears, from its direction, to be the continuation of the 
trunk of the internal maxillary. It often arises from that vessel by a common 
trunk with the preceding branch, and runs along the infra-orbital canal with the 
superior maxillary nerve, emerging upon the face at the infra-orbital foramen, 
beneath the Levator labii superioris. While contained in the canal, it gives off 
branches which ascend into the orbit, and assist in supplying the Inferior rectus 
and Inferior oblique muscles and the lachrymal gland. Other branches (anterior 
dental) descend through the anterior dental canals in the bone, to supply the 
mucous membrane of the antrum, and the front teeth of the upper jaw. On 
the face, some branches pass upwards to the inner angle of the orbit and the 
lachrymal sac, anastomosing with the angular branch of the facial artery; 
other branches pass inwards towards the nose, anastomosing with the nasal 
branch of the ophthalmic; and other branches descend beneath the Levator 
labii superioris, and anastomose with the transverse facial and buccal arteries. 

The four remaining branches arise from that portion of the internal maxillary 
which is contained in the spheno-maxillary fossa. 

The descending palatine descends through the posterior palatine canal with 
the anterior palatine branch of Meckel’s ganglion, and, emerging from the 
posterior palatine foramen, runs forwards in a groove on the inner side of the 
alveolar border of the hard palate to the anterior palatine canal, where the 
terminal branch of the artery passes upwards through the foramen of Stenson to 
anastomose with the naso-palatine artery. Its branches are distributed to the 
gums, the mucous membrane of the hard palate, and the palatine glands. While 
it is contained in the palatine canal, it gives off branches, which descend in the 
accessory palatine canals to supply the soft palate and tonsil, anastomosing with 
the ascending palatine artery. 


Surgical Anatomy.—The position of the descending palatine artery on the hard palate 
should be borne in mind in performing an operation for the closure of a cleft in the hard 
palate, as it is in danger of being wounded, and may give rise to formidable hemorrhage. 
In one case, in which it was wounded, it was necessary to plug the posterior palatine canal 
in order to arrest the bleeding. 


The Vidian branch passes backwards along the Vidian canal with the Vidian 
nerve. It is distributed to the upper part of the pharynx and Eustachian tube 
sending a small branch into the tympanum, which anastomoses with the Bilis 
tympanic arteries. 

The pterygo-palatine is a very small branch, which passes backwards through 
the pterygo-palatine canal with the pharyngeal nerve, and is distributed to the 
upper part of the pharynx and Eustachian tube. 

The spheno-palatine passes through the spheno-palatine foramen into the 
cavity of the nose, at the back part of the superior meatus, and divides into 
several branches : one internal, the naso-palatine or artery of the septum, passes 
obliquely downwards and forwards along the septum nasi, supplies the mucous 
membrane, and anastomoses in front with the terminal branch of the descending 
palatine. The other branches, two or three in number, supply the mucous 
membrane covering the lateral wall of the nose, the antrum, and the ethmoid and 
sphenoid cells. 
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THE TRIANGLES OF THE Neck (fig. 475) 


The student having considered the relative anatomy of the large arteries of the 
neck and their branches, and the relations they bear to the veins and nerves, 
should now examine these structures collectively, as they present themselves in 
certain regions of the neck, in each of which important operations are constantly 
being performed. 

The side of the neck presents a somewhat quadrilateral outline, limited, above, 
by the lower border of the body of the jaw, and an imaginary line extending from 
the angle of the jaw to the mastoid process; below, by the prominent upper 
border of the clavicle; in front, by the median line of the neck; behind, by the 
anterior margin of the Trapezius muscle. This space is subdivided into two large 
triangles by the Sterno-mastoid muscle, which passes obliquely across the neck, 
from the sternum and clavicle below, to the mastoid process above. The tri- 
angular space in front of this muscle is called the anterior triangle; and that 
behind it, the posterior triangle. 


ANTERIOR TRIANGLE OF THE NECK 


The anterior triangle is bounded, in front, by a line extending from the chin 
to the sternum ; behind, by the anterior margin of the Sterno-mastoid ; its base, 
directed upwards, is formed by the lower border of the body of the jaw, and a 
line extending from the angle of the jaw to the mastoid process; its apex is 
below, at the sternum. This space is subdivided into three smaller triangles 
by the Digastric muscle above, and the anterior belly of the Omo-hyoid below. 
These smaller triangles are named, from below upwards, the inferior carotid, the 
superior carotid, and the submaxillary triangle. 

The Inferior Carotid, or Muscular Triangle, is bounded, in front, by the median 
line of the neck from the hyoid bone to the sternum; behind, by the anterior 
margin of the Sterno-mastoid ; above, by the anterior belly of the Omo-hyoid ; 
and is covered by the integument, superficial fascia, Platysma, and deep fascia ; 
ramifying between which are some of the descending branches of the superficial 
cervical plexus. Beneath these superficial structures are the Sterno-hyoid and 
Sterno-thyroid muscles, which, together with the anterior margin of the Sterno- 
mastoid, conceal the lower part of the common carotid artery.* 

This vessel is enclosed within its sheath, together with the internal jugular 
vein and pneumogastric nerve; the vein lying on the outer side of the artery on 
the right side of the neck, but overlapping it below on the left side; the nerve 
lying between the artery and vein, on a plane posterior to both. In front of the 
sheath are a few filaments descending from the loop of communication between 
the descendens and communicantes hypoglossi; behind the sheath are seen the 
inferior thyroid artery, the recurrent laryngeal nerve, and the sympathetic nerve ; 
and on its inner side, the trachea, the thyroid gland—much more prominent in 
the female than in the male—and the lower part of the larynx. By cutting into 
the upper part of this space, and slightly displacing the Sterno-mastoid muscle, 
the common carotid artery may be tied below the Omo-hyoid muscle. 

The Superior Carotid, or Carotid Triangle, is bounded, behind, by the Sterno- 
mastoid ; below, by the anterior belly of the Omo-hyoid ; and above, by the Stylo- 
hyoid muscle and the posterior belly of the Digastric. It is covered by the 
integument, superficial fascia, Platysma, and deep fascia ; ramifying between which 
are branches of the facial and superficial cervical nerves. Its floor is formed by 
parts of the Thyro-hyoid, Hyo-glossus, and the Inferior and Middle constrictor 
muscles of the pharynx. This space when dissected is seen to contain the upper 
part of the common carotid artery, which bifurcates opposite the upper border of 
the thyroid cartilage into the external and internal carotid. These vessels are 
somewhat concealed from view by the anterior margin of the Sterno-mastoid 


* Therefore the common carotid artery and internal jugular vein are not, strictly 
speaking, contained in this triangle, since they are covered by the Sterno-mastoid musele ; 
that is to say, they lie under that muscle, which forms the posterior border of the triangle. 
But as they lie very close to the structures which arc really contained in the triangle, and 
whose position it is essential to remember in operating on this part of the artery, it is 
expedient to study the relations of all these parts together. 
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muscle, which overlaps them. The external and internal carotids lie side by side, 
the external being the more anterior of the two. The following branches of the 
external carotid are also met with in this space: the superior thyroid, running 
forwards and downwards; the lingual, directly. forwards ; the facial, forwards 
and upwards ; the occipital, backwards; and the ascending pharyngeal, directly 
upwards on the inner side of the internal carotid. The veins met with are: the 
internal jugular, which lies on the outer side of the common and internal carotid 
arteries ; and veins corresponding to the above-mentioned branches of the external 
carotid—viz. the superior thyroid, the lingual, facial, ascending pharyngeal, and 
sometimes the occipital—all of which accompany their corresponding arteries, and 
terminate in the internal jugular. The nerves in this space are the following : 
In front of the sheath of the common carotid is the descendens hypoglossi. The 
hypoglossal nerve crosses both the internal and external carotids above, curving 
round the origin of the occipital artery. Within the sheath, between the artery 
and vein, and behind both, is the pneumogastric nerve; behind the sheath, the 
sympathetic. On the outer side of the vessels, the spinal accessory nerve runs 
for a short distance before it pierces the Sterno-mastoid muscle; and on the 
inner side of the external carotid, just below the hyoid bone, may be seen the 
internal laryngeal nerve ; and, still more inferiorly, the external laryngeal nerve. 
The upper portion of the larynx and lower portion of the pharynx are also found 
in the front part of this space. 

The Submaxillary Triangle, or Digastric, corresponds to the region of the neck 
immediately beneath the body of the jaw. It is bounded, above, by the lower 
border of the body of the jaw, and a line drawn from its angle to the mastoid 
process; below, by the posterior belly of the Digastric and Stylo-hyoid muscles ; 
in front, by the anterior belly of the Digastric. It is covered by the integument, 
superficial fascia, Platysma, and deep fascia; ramifying between which are 
branches of the facial nerve and ascending filaments of the superficial cervical 
nerve. Its floor is formed by the Mylo-hyoid, Hyo-glossus, and Superior con- 
strictor of the pharynx. It is divided into an anterior and posterior part by the 
stylo-mandibular ligament. The anterior part contains the submaxillary gland, 
superficial to which is the facial vein, while embedded in it is the facial artery 
and its glandular branches ; beneath this gland, on the surface of the Mylo-hyoid 
muscle, are the submental artery and the mylo-hyoid artery and nerve. The 
posterior part of this triangle contains the external carotid artery, ascending 
deeply in the substance of the parotid gland ; this vessel lies here in front of, and 
superficial to, the internal carotid, being crossed by the facial nerve, and gives off 
in its course the posterior auricular, temporal, and internal maxillary branches : 
more deeply are the internal carotid, the internal jugular vein, and the pneumo- 
gastric nerve, separated from the external carotid by the Stylo-glossus and 
Stylo-pharyngeus muscles, and the glosso-pharyngeal nerve.” 


POSTERIOR TRIANGLE OF THE NECK 


_The posterior triangle is bounded, in front, by the Sterno-mastoid muscle ; 
behind, by the anterior margin of the Trapezius; its base corresponds to the 
middle third of the clavicle; its apex, to the occiput. The space is crossed, 
about an inch above the clavicle, by the posterior belly of the Omo-hyoid, which 
divides it into two triangles, an upper or occipital, and a lower or subclavian. 

The Occipital, the larger division of the posterior triangle, is bounded, in 
front, by the Sterno-mastoid ; behind, by the Trapezius: below, by the Omo- 
hyoid. Its floor is formed from above downwards by the Splenius, Levator 
anguli scapule, and the Middle and Posterior scaleni muscles, It is covered 
by the integument, the Platysma below, the superficial and deep fascia. The 
spinal accessory nerve is directed obliquely across the space from the Sterno- 
mastoid, which it pierces, to the under surface of the Trapezius ; below, the 


_* The same remark will apply to this triangle as was made about the inferior carotid 
triangle. The structures enumerated as contained in the back part of the space lie, 
strictly speaking, beneath the muscles which form the posterior boundary of the triangle ; 
but as it is very important to bear in mind their close relation to the parotid gland and its 


boundaries (on account of the frequency of surgical operations on this gland), all these 
parts are spoken of together. 
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descending ‘branches of the cervical plexus and the transversalis colli artery and 
vein cross the space. A chain of lymphatic glands is also found running along 
the posterior border of the Sterno-mastoid, from the mastoid process to the root 
of the neck. 

The Subclavian, the smaller division of the posterior triangle, is bounded, 
above, by the posterior belly of the Omo-hyoid ; below, by the clavicle ; its base, 
directed forwards, being formed by the posterior border of the Sterno-mastoid.. 
The size of the subclavian triangle varies according to the extent of attachment 
of the clavicular portion of the Sterno-mastoid and Trapezius muscles, and 
also according to the height at which the Omo-hyoid crosses the neck above 
the clavicle. Its height also varies according to the position of the arm, 
being diminished by raising the limb, on account of the ascent of the clavicle, 
and increased by drawing the arm downwards, when that bone is depressed. 
This space is covered by the integument, the Platysma, the superficial and 
desp fascize ; and crossed by the descending branches of the cervical plexus. 
Just above the level of the clavicle, the third portion of the subclavian 
artery curves outwards and downwards from the outer margin of the Scalenus 
anticus, across the first rib, to the axilla. Sometimes this vessel rises as high 
as an inch and a half above the clavicle, or to any point intermediate between 
this and its usual level. Occasionally, it passes in front of the Scalenus 
anticus, or pierces the fibres of that muscle. The subclavian vein lies behind 
the clavicle, and is usually not seen in this space; but in some cases it rises 
as high as the artery, and has even been seen to pass with that vessel 
behind the Scalenus anticus. The brachial plexus of nerves lies above the 
artery, and in close contact with it. Passing transversely behind the clavicle 
are the suprascapular vessels; and traversing its upper angle in the same 
direction, the transversalis colli artery and vein. The external jugular vein 
runs vertically downwards behind the posterior border of the Sterno-mastoid, 
to terminate in the subclavian vein: it receives the transverse cervical and 
suprascapular veins, which occasionally form a plexus in front of the artery, 
and a small vein which crosses the clavicle from the cephalic. The small 
nerve to the Subclavius muscle also crosses this triangle about its middle, and 
a lymphatic gland is sometimes found in the space. Its floor is formed by the 
first rib with the first digitation of the Serratus magnus. 


INTERNAL CAROTID ARTERY 


The internal carotid artery supplies the anterior part of the brain, the eye 
and its appendages, and sends branches to the forehead and nose. Its sizè, in 
the adult, is equal to that of the external carotid, though, in the child, it is 
larger than that vessel. It is remarkable for the number of curvatures that it 
presents in different parts of its course. It occasionally has one or two flexures 
near the base of the skull, while in its passage through the carotid canal and 
along the side of the body of the sphenoid bone it describes a double curvature 
which resembles the italic letter S placed horizontally. These curvatures most 
probably diminish the velocity of the current of blood, by increasing the extent 
of surface over which it moves, and adding to the amount of impediment 
produced from friction. 

In considering the course and relations of this vessel, it may be conveniently 
divided into four portions : a cervical, petrous, cavernous, and cerebral. 

Cervical Portion.—This portion of the internal carotid commences at the 
bifurcation of the common carotid, opposite the upper border of the thyroid 
cartilage, and runs perpendicularly upwards, in front of the transverse processes 
of the three upper cervical vertebree, to the carotid canal in the petrous portion 
of the temporal bone. It is superficial at its commencement, being contained 
in the superior carotid triangle, and lying behind and to the outer side of the 
external carotid, overlapped by the Sterno-mastoid, and covered by the deep 
fascia, Platysma, and integument: it then passes beneath the parotid gland, 
being crossed by the hypoglossal nerve, the Digastric and Stylo-hyoid muscles, 
and the occipital and posterior auricular arteries. Higher up, it is separated 
from the external carotid by the Stylo-glossus and Stylo-pharyngeus muscles, 
the glosso-pharyngeal nerve, and the pharyngeal branch of the pneumogastnric. 
It is in relation, behind, with the Rectus capitis anticus major, the superior 

SS 
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cervical ganglion of the sympathetic, and superior laryngeal nerve ; externally, 
with the internal jugular vein and pneumogastric nerve, the nerve lying on a 
plane posterior to the artery ; internally, with the pharynx, tonsil, the superior 
laryngeal nerve, aad ascending pharyngeal artery. At the base of the skull the 
glosso-pharyngeal, vagus, spinal accessory, and hypoglossal nerves lie between 
the artery and the internal jugular vein. 


PLAN OF THE RELATIONS OF THE INTERNAL CAROTID ARTERY IN THE NECK 


In front. 


Skin, superficial and deep fascie. 

Platysma. 

Sterno-mastoid. 

Occipital and posterior auricular arteries. 
Hypoglossal nerve. 

Parotid gland. 

Stylo-glossus and Stylo-pharyngeus muscles. 
Glosso-pharyngeal nerve. 

Pharyngeal branch of the pneumogastric. 





Internally. 
Externally. EER Pharynx. 
Internal jugular vein. Cone Superior laryngeal nerve. 
Pneumogastric nerve. Ascending pharyngeal artery. 
Tonsil. 
Behind. 
Rectus capitis anticus major. 
Sympathetic. 


Superior laryngeal nerve. 


Petrous Portion.— When the internal carotid artery enters the canal in the 
petrous portion of the temporal bone, it first ascends a short distance, then 
curves forwards and inwards, and again ascends as it leaves the canal to enter 
the cavity of the skull between the lingula and petrosal process. In this canal, 
the artery lies at first in front of the cochlea and tympanum; from the latter 
cavity it is separated by a thin, bony lamella, which is cribriform in the young 
subject, and often absorbed in old age. Farther forwards it is separated from 
the Gasserian ganglion by a thin plate of bone, which forms the floor of the-fossa 
for the ganglion and the roof of the horizontal portion of the canal. Frequently 
this bony plate is more or less deficient, and then the ganglion is separated from 
the artery by fibrous membrane. The artery is separated from the bony wall of 
the carotid canal by a prolongation of dura mater, and is surrounded by Dents 
of the carotid plexus, derived from the ascending branch of the superior cervical 
ganglion of the sympathetic, and a number of small veins. 

avernous Portion.—The internal carotid artery, in this part of its course, is 
situated between the layers of the dura mater forming the cavernous sinus, but 
covered by the lining membrane of the sinus. It at first ascends towards the 
posterior clinoid process, then passes forwards by the side of the body of the 
sphenoid bone, and again curves upwards on the inner side of the anterior 
clinoid process, and perforates the dura mater forming the roof of the sinus. In 
this part of its course it is surrounded by filaments of the sympathetic nerve, and 
has in relation with it externally the sixth nerve. 

Cerebral Portion.— Having perforated the dura mater, on the inner side of the 
anterior clinoid process, the internal carotid passes between the second and third 
cranial nerves to the anterior perforated space at the inner extremity of the 
fissure of Sylvius, where it gives off its terminal or cerebral branches. This 
portion of the artery has the optic nerve on its inner side, and the third nerve 
externally. 


Pecuharities.—The length of the internal carotid varies according to the length of the 
neck, and also according to the point. of bifurcation of the common carotid. Its origin 
sometimes takes place from the arch of the aorta; in such rare instances, this vessel has 
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been found to be placed nearer the middle line of the neck than the external carotid, as 
far upwards as the larynx, when the latter vessel crossed the internal carotid. The course 
of the vessel, instead of being straight, may be very tortuous. A few instances are 
recorded in which this vessel was altogether absent: in one of these the connnon carotid 
passed up the neck, and gave off the usual branches of the external carotid: the cranial 


Fie. 48t.—The internal carotid and vertebral arteries. Right side. 
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portion of the internal carotid being replaced by two branches of the internal maxillary, 
which entered the skull through the foramen rotundum and ovale, and joined to forma 
single vessel, = | 

Surgical Anatomy.—The cervical part of the internal carotid is very rarely wounded. 
Cripps, in an interesting paper in the ‘ Medico-Chirurgical Transactions, compares the 
rareness of a wound of the internal carotid with one of the external carotid or its branches. 
It is, however, sometimes injured by a stab or gunshot wound in the neck, or even ocea- 


sionally by a stab from within the mouth, as when a person receives a thrust from the 
852 
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rasol, or falls down with a tobacco-pipe in his mouth. The relation of the 
pees poet: with the tonsil should be especially remembered, as instances have 
occurred in which the artery has been wounded during the operation of scarifying the 
tonsil, and fatal hemorrhage has supervened. The indications for ligature are wounds, 
when the vessel should be exposed by a careful dissection and tied above and below the 
bleeding-point ; and aneurism, which if non-traumatic may be treated by ligature of the 
common carotid; but if traumatic in origin, by exposing the sac and tying the vessel 
above and below. The incision for ligature of the cervical portion of the internal carotid 
should be made along the anterior border of the Sterno-mastoid, from the angle of the 
jaw to the upper border of the thyroid cartilage. The superficial structures being divided, 
and the Sterno-mastoid defined and drawn outwards, the cellular tissue must be carefully 
separated and the posterior belly of the Digastric and hypoglossal nerve sought for as 
guides to the vessel. When the artery is found, the external carotid should be drawn 
inwards and the Digastric muscle upwards, and the aneurism needle passed from without 
inwards. 


Branches.—The branches given off from the internal carotid are: 


ae (internal or deep). 
Vidian. 
Arterie receptaculi. 
Pituitary. 
From the Cavernous portion Ganglionic. 
Anterior meningeal. 
Ophthalmic. 
Anterior cerebral. 
Middle cerebral. 
Posterior communicating. 
Anterior choroid. 


From the Petrous portion 


From the Cerebral portion 


The cervical portion of the internal carotid gives off no branches. 


Vie. 482.—The ophthalmic artery and its branches, the roof of the orbit having 
been removed. 
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The tympanic is a small branch which enters the cavity of the tympanum, 
through a minute foramen in the carotid canal, and anastomoses with the 
tympanic branch of the internal maxillary, and with the stylo-mastoid artery. 
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The Vidian is a small branch, which is by no means constant. It passes 
through the Vidian canal and anastomoses with the Vidian branch of the internal 
maxillary artery. 

The arteriæ receptaculi are numerous small vessels, derived from the internal 
carotid in the cavernous sinus; they supply the pituitary body, the Gasserian 
ganglion, and the walls of the cavernous and inferior petrosal sinuses. Some of 
these branches anastomose with branches of the middle meningeal. 

The pituitary branches are one or two minute vessels which supply the 
pituitary body. 

The ganglionic branches are small vessels to the Gasserian ganglion. 

The anterior meningeal is a small branch which passes over the lesser wing 
of the sphenoid to supply the dura mater of the anterior fossa; it anastomoses 
with the meningeal branch from the posterior ethmoidal artery. 

The ophthalmic artery arises from the internal carotid, just as that vessel 
is emerging from the cavernous sinus, on the inner side of the anterior clinoid 
process, and enters the orbit through the optic foramen, below and on the outer 
side of the optic nerve. It then passes over the nerve to the inner wall of the 
orbit, and thence horizontally forwards, beneath the lower border of the Superior 
oblique muscle to a point behind the internal angular process of the frontal 
bone, where it divides into two terminal branches, the frontal and nasal. As 
the artery crosses the optic nerve it is accompanied by the nasal nerve, and is 
separated from the frontal nerve by the Rectus superior and Levator palpebrx 
superioris muscles. 

The branches of this vessel may be divided into an orbital group, which is 
distributed to the orbit and surrounding parts; and an ocular group, which 
supplies the muscles and globe of the eye. 


Orbital Group. Ocular Group. 
Lachrymal. Short ciliary. 
Supra-orbital. Long ciliary. 

Posterior ethmoidal. Anterior ciliary. 

Anterior ethmoidal. Central artery of the retina. 
Internal palpebral. Muscular. 

Frontal. 

Nasal. 


The lachrymal is one of the largest branches derived from the ophthalmic, 
arising close to the optic foramen : not infrequently it is given off from the artery 
before it enters the orbit. It accompanies the lachrymal nerve along the upper 
border of the External rectus muscle, and is distributed to the lachrymal gland. 
Its terminal branches, escaping from the gland, are distributed to the eyelids and 
conjunctiva: of those supplying the eyelids, two are of considerable size and are 
named the external palpebral; they run inwards in the upper and lower lids 
lespectively and anastomose with the internal palpebral arteries, forming an 
arterial circle in this situation. The lachrymal artery gives off one or two malar 
branches, one of which passes through a foramen in the malar bone, to reach 
the temporal fossa, and anastomoses with the deep temporal arteries; the other 
appears .on the cheek through the malar foramen, and anastomoses with the 
transverse facial. A branch is also sent backwards, through the sphenoidal 
fissure, to the dura mater, which anastomoses with a branch of the middle 
meningeal artery. 


Peculiarities.—The lachrymal artery is sometimes derived from one of the anterior 
branches of the middle meningeal artery. 


The supra-orbital artery arises from the ophthalmic as that vessel is crossing 
over the optic nerve. Ascending so as to rise above all the muscles of the orbit, 
it runs forwards, with the supra-orbital nerve, between the periosteum and 
Levator palpebree ; and, passing through the supra-orbital foramen, divides into a 
superficial and a deep branch, which supply the integument, the muscles, and the 
pericranium of the forehead, anastomosing with the frontal, the anterior branch 
of the temporal, and the artery of the opposite side. This artery in the orbit 
supplies the Superior rectus and the Levator palpebre, and sends a branch 
inwards, across the pulley of the Superior oblique muscle, to supply the parts at 
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the inner canthus. At the supra-orbital foramen it frequently transmits a branch 
to the diploé. 


The ethmoidal branches are two in number: posterior and anterior. The 


former, which is the smaller, passes through the posterior ethmoidal foramen, 


Fig. 483.—The arteries of the base of the brain. The right half of the cerebellum 
and pons have been removed. 
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supplies the posterior ethmoidal cells, and, entering the crani j 
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meningeal branch, which supplies the adjacent dura a ; and wih ae 
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which descend into the nose through apertures in the cribriform plate, ana- 
stomosing with branches of the spheno-palatine. The anterior ethmoidal artery 
accompanies the nasal nerve through the anterior ethmoidal foramen, supplies 
the anterior ethmoidal cells and frontal sinuses, and, entering the cranium, gives 
off a meningeal branch, which supplies the adjacent dura mater; and nasal 
branches, which descend into the nose, through the slit by the side of the crista 
galli, and running along the groove on the under surface of the nasal bone supply 
the skin of the nose. 

The palpebral arteries, two in number, superior and inferior, arise from the 
ophthalmic, opposite the pulley of the Superior oblique muscle; they leave the 
orbit to encircle the eyelids near their free margin, forming a superior and an 
inferior arch, which lie between the Orbicularis muscle and tarsal plates; the 
superior palpebral inosculating, at the outer angle of the orbit, with the orbital 


Fic. 484.—Vaseular area of the upper surface of the cerebrum. (After Duret.) 
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Blne indicates the distribution of the anterior cerebral; yellow, the middle cerebral , red, the posterior cerebral. 
1. The part supplied by the external and inferior frontal artery. 11. The part supplied by the ascending frontal. 
ut. The part supplied by the ascending parietal. iv. The part supplied by the parieto-sphenoidal artery. 


branch of the temporal artery, and with the upper of the two external palpebral 
branches from the lachrymal artery: the inferior palpebral inosculating, at the 
outer angle of the orbit, with the lower of the two external palpebral branches 
from the lachrymal and with the transverse facial artery, and, at the inner side 
of the lid, with a branch from the angular artery. From this last anastomosis a 
branch passes to the nasal duct, ramifying in its mucous membrane, as far as the 
inferior meatus. 

The frontal artery, one of the terminal branches of the ophthalmic, passes 
from the orbit at its inner angle, and, ascending on the forehead, supplies the 
integument, muscles, and pericranium, anastomosing with the supra-orbital artery, 
and with the artery of the opposite side. . 

The nasal artery, the other terminal branch of the ophthalmic, emerges from 
the orbit above the tendo oculi, and, after giving a branch to the upper part of 
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the lachrymal sac, divides into two branches, one of which crosses the root of 
the nose, the transverse nasal, and anastomoses with the angular artery; the 
other, the dorsalis nasi, runs along the dorsum of the nose, supplies its outer 
surface, and anastomoses with the artery of the opposite side, and with the lateral 
nasal branch of the facial. 

The ciliary arteries are divisible into three groups, the short, long, and 
anterior. The short ciliary arteries, from six to twelve in number, arise from the 
ophthalmic, or some of its branches; they surround the optic nerve as they pass 
forwards to the posterior part of the eyeball, pierce the sclerotic coat around the 
entrance of the nerve, and supply the choroid coat and ciliary processes. The 
long ciliary arteries, two in number, pierce the posterior part of the sclerotic at 
some little distance from the optic nerve, and run forwards, along each side of 
the eyeball, between the sclerotic and choroid, to the ciliary muscle, where they 
divide into two branches ; these form an arterial circle, the circulus major, around 
the circumference of the iris, from which numerous radiating branches pass 
forwards, in its substance, to its free margin, where they form a second arterial 
circle, the circulus minor, around its pupillary margin. The anterior cihary 


Fra. 485.—Vascular area of the internal surface of the cerebrum. (After Duret.) 









O 
Q 
ie 
EJ Q e 
SEF. FE 
EEEIEE E TA bi 


i 


| 






| 






| 


| 

t 
P 
i 





oe > 
2 8 © 
s 


SY 
PRRs 
AG 


Blue indicates the distribution of the anterior cerebral artery; red, the posterior c 
; ; erebral. I. r 
anterior and internal frontal. II. The part supplied by the middle Ai i m i E ae a o 
the posterior and internal frontal. 1v. The part supplied by the posterior temporal; and v., the part su ied b be 
occipital, both terminal branches of the posterior cerebral. l ' R pp ve 


arteries are derived from the muscular branches ; they pass to th 
; he front of 
eyeball in company with the tendons of the Recti nai, form a vasit a 
beneath the conjunctiva, and then pierce the sclerotic a short distance from the 
a and sora in the circulus major of the iris, 
e central artery of the retina is the first and one of the smallest b 
: | ranch 
the ophthalmic artery. _It runs for a short distance within the dural Heath. of 
the nerve, but about half an inch behind the eyeball it pierces the optic nerve 
a. and ae forward in the conii of its substance, and enters the globe of 
eye through the porus opticus. Its mode of distributi i ibed i 
the ae of the anatomy of the eye. ae 
e muscular branches, two in number, superior and inferior. f 
, trequentl 
sige a common trunk. The superior, the smaller, often vaii cupid ie 
evator palpebre, Superior rectus, and Superior oblique. The inferior more 
constant in its existence, passes forwards, between the optic nerve and Inferior 
Sas and is distributed to the External, Internal, and Inferior recti and Teas 
oblique. This vessel gives off most of the anterior ciliary arteries, Additional 


muscular branches are given off from th 
from the ophthalmie itself te ty7Al and supra-orbital arteries or 
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The anterior cerebral artery arises from the internal carotid, at the inner 
extremity of the fissure of Sylvius. It passes forwards and inwards across the 
anterior perforated space, above the optic nerve, to the commencement of the great 
longitudinal fissure. Here it comes into close relationship with the artery of the 
opposite side, and the two vessels are connected together by a short anastomosing 
trunk, about two lines in length, the anterior communicating artery. From 
this point, the two vessels run side by side in the longitudinal fissure, curve 
round the genu of the corpus callosum, and turning backwards continue along 
its upper surface to its posterior part, where they terminate by anastomosing 
— posterior cerebral arteries. In their course they give off the following 

ranches : 


Antero-median ganglionic. Anterior internal frontal. 
Inferior interna! frontal. Middle internal frontal. 
Posterior internal frontal. 


The antero-median ganglionic is a group of small arteries which arise at the 
commencement of the anterior cerebral artery; they pierce the anterior per- 
forated space and lamina terminalis, and supply the rostrum of the sphenoid, the 
septum lucidum, and the head of the caudate nucleus. The inferior internal 
frontal branches, two or three in number, are distributed to the orbital surface 
of the frontal lobe, where they supply the olfactory lobe, gyrus rectus, and 
internal orbital convolution. The anterior internal frontal branches supply a part 
of the marginal convolution, and send branches over the edge of the hemisphere 
to the superior and middle frontal convolutions and upper part of the ascending 
frontal convolution. The middle internal frontal branches supply the corpus 
callosum, the convolution of the corpus callosum, the inner surface of the first 
frontal convolution, and the upper part of the ascending frontal convolution. 
The posterior internal frontal branches supply the lobus quadratus and adjacent 
outer surface of the hemisphere. 

The anterior communicating artery is a short branch, about two lines in 
length, but of moderate size, connecting together the two anterior cerebral 
arteries across the longitudinal fissure. Sometimes this vessel is wanting, the 
two arteries joining together to form a single trunk, which afterwards divides. 
Or the vessel may be wholly, or partially, divided into two; frequently it is 
longer and smaller than usual. It gives off some of the antero-median ganglionic 
group of vessels, which are, however, principally derived from the anterior 
cerebral. 

The middle cerebral artery (fig. 487), the largest branch of the internal 
carotid, passes obliquely outwards along the fissure of Sylvius, and, opposite the 
island of Reil, divides into its terminal branches. The branches of the middle 
cerebral artery are : 


Antero-lateral ganglionic. Ascending parietal. 
Inferior external frontal. Parieto-temporal. 
Ascending frontal. Temporal. 


The antero-lateral ganglionic branches, a group of small arteries which arise 
at the commencement of the middle cerebral artery, are arranged in two seis: 
one, the internal striate, passes upwards through the inner segments of the 
lenticular nucleus, and supplies it, the caudate nucleus and the internal capsule ; 
the other, the external striate, passes upwards through the outer segment of the 
lenticular nucleus, and supplies the caudate nucleus and the optic thalamus. 
One artery of this group is of larger size than the rest, and is of special impor- 
tance, as being the artery in the brain most frequently ruptured; it has been 
termed by Charcot, the ‘artery of cerebral hemorrhage. It passes up between 
the lenticular nucleus and the external capsule, and ultimately ends in the 
caudate nucleus. The inferior external frontal supplies the third or inferior 
frontal convolution (Broca’s convolution) and the outer part of the orbital surface 
of the frontal lobe. The ascending frontal supplies the ascending frontal con- 
volution. The ascending parietal supplies the ascending parietal convolution 
and the lower part of the superior parietal convolution. The parieto-temporal 


supplies the supra-marginal and angular gyri, and the posterior paris of the 
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superior and middle temporal convolutions. The temporal branches, two or 
three in number, are distributed to the outer surface of the temporal lobe. 

The posterior communicating artery arises from the back part of the internal 
carotid, runs directly backwards, and anastomoses with the posterior cerebral, a 
branch of the basilar. This artery varies considerably in size, being sometimes 
small, and occasionally so large that the posterior cerebral may be considered as 
arising from the internal carotid rather than from the basilar. It is frequently 
larger on one side than on the other side. From the posterior half of this vessel 
are given off a number of small branches, the postero-median ganglionic branches, 


Fic. 486.—Vascular area of the inferior surface of the cerebrum. (After Duret.) 
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Blue indicates the distribution of the anterior cerebral; yellow, the middle cerebral; red, th ior 
5 : ; . 3 ye I ; e posterior cerebral. 1. The 
part supplied by the anterior temporal artery. 11, The part supplied by th jor { 
supplied by the occipital artery. j Pe y the posterior temporal artery. 1i, The part 


which, with similar vessels from the posterior cerebral, pierce the posteri 

perforated space and supply the internal surfaces of pti w i 
u eiii = oF tho ogui «R a 

e anterior choroid is a small but constant branch, whi j 

back part of the internal carotid, near the posterior coram aaa 
ing backwards and outwards between the temporal lobe and the crus cerebri it 
enters the descending horn of the lateral ventricle through the choroidal fissure 
and ends in the choroid plexus. It is distributed to the hippocampus major 
corpus fimbriatum, velum interpositum, and choroid plexus. n 


THE BLOOD-VESSELS OF THE BRAIN 


Investigations tend to show that the mode of distributi 

. ! ution of the ves 

an has an important bearing upon a considerable number of the e 
W of w thig part k So aei system may be’ the seat; it therefore 
ecomes Important to consider a little more in detail t i ; 

cerebral vessels are distributed. il the manner in which the 
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The cerebral arteries are derived from the internal carotid and the vertebral, 
which at the base of the brain form a remarkable anastomosis known as the 
circle of Willis. It is formed in front by the anterior cerebral arteries, branches 
of the internal carotid, which are connected together by the anterior communi- 
cating ; behind by the two posterior cerebrals, branches of the basilar, which are 
connected on each side with the internal carotid by the posterior communicating 
(fig. 483, page 630). The parts of the brain included within this arterial circle 
are the lamina terminalis, the commissure of the optic nerves, the infundibulum, 
the tuber cinereum, the corpora albicantia, and the posterior perforated space. 

The three trunks which together supply each cerebral hemisphere arise from 
the circle of Willis. From its anterior part proceed the two anterior cerebrals ; 
from its antero-lateral part the middle cerebrals, and from its posterior part the 
posterior cerebrals. Each of these principal arteries gives origin to two very 
different systems of secondary vessels. One of these systems has been named 
the central ganglionic system, and the vessels belonging to it supply the central 
ganglia of the brain; the other has been named the cortical system, and its 
vessels ramify in the pia mater and supply the cortex and subjacent medullary 
matter. These two systems, though they have a common origin, do not commu- 
nicate at any point of their peripheral distribution, and are entirely independent 


Fic. 487.—The distribution of the middle cerebral artery. (After Charcot.) 
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of each other. Though some of the arteries of the cortical system approach, 
at their terminations, the regions supplied by the central ganglionic system, no 
communication between the two sets of vessels takes place, and there is hetween 
the parts supplied by the two systems @ borderland of diminished nutritive 
activity, where, it is said, softening is especially liable to occur in the brains 
of old people. 

The central ganglionic system.—All the vessels belonging to this system are 
given off from the circle of Willis, or from the vessels immediately after their 
origin from it. So that if a circle is drawn at a distance of about an inch from 
the circle of Willis, it will include the origin of all the arteries belonging to this 
system (fig. 488). The vessels of this system form six principal groups: (1) the 
antero-median group, derived from the anterior cerebrals and anterior com- 
municating ; (11) the postero-median group, from the posterior cerebrals and 
posterior communicating ; (1m1) the right and leit antero-lateral groups, from the 
middle cerebrals; and (rv) the right and left postero-lateral groups, from the 
posterior cerebrals, after they have wound round the crura cerebri. The vessels 
belonging to this system are larger than those of the cortical system, and are 
what Cohnheim has designated ‘terminal’ arteries—that is to say, vessels 
which from their origin to their termination neither supply nor receive any 
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Fic. 488.—Diagram of the arterial circulation at the base of the brain. 
(After Charcot.) 
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u. Postero-median group. 111. Right and left antero-lateral group. 
8 the limit of the ganglionic circle. 


1, Antero-median group of ganglionic branches. 
IV. Right and left postero-lateral group. The dotted line show 


Fic. 489.—Distribution of the cortical arteries. (After Charcot.) 
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anastomotic branch, so that, by one of the small vessels, only a limited area of 
the central ganglia can be injected, and the injection cannot be driven beyond 
the area of the part supplied by the particular vessel which is the subject of the 
experiment. 

The cortical arterial system.—The vessels forming this system are the 
terminal branches of the anterior, middle, and posterior cerebral arteries, 
described above. These vessels divide and ramify in the substance of the pia 
mater, and give off nutrient arteries which penetrate the cortex perpendicularly. 
These nutrient vessels are divisible into two classes, the long and short. The 
long, or, as they are sometimes called, the medullary arteries, pass through the 
grey matter to penetrate the centrum ovale to the depth of about an inch and a 
half, without intercommunicating otherwise than by very fine capillaries, and 
thus constitute so many independent small systems. The short vessels are con- 
fined to the cortex, where they form with the long vessels a compact network in 
the middle zone of the grey matter, the outer and inner zones being sparingly 
supplied with blood (fig. 489). The vessels of the cortical arterial system are 
not so strictly ‘terminal’ as those of the central ganglionic system, but they 
approach this type very closely, so that injection of one area from the vessel of 
another area, though it may be possible, is frequently very difficult, and is only 
effected through vessels of small calibre. As a result of this, obstruction of one 
of the main branches, or its divisions, may have the effect of producing softening 
in a very limited area of the cortex.* 


ARTERIES OF THE UPPER EXTREMITY 


The artery which supplies the upper extremity continues as a single trunk 
from its commencement down to the elbow; but different portions of it have 
received different names, according to the regions through which it passes. That 
part of the vessel which extends from its origin to the outer border of the first 
rib is termed the subclavian ; beyond this point to the lower border of the axilla, 
it is termed the axillary ; and from the lower margin of the axillary space to the 
bend of the elbow, it is termed brachial; here, the single trunk terminates by 
dividing into two branches, the radial and ulnar, an arrangement precisely similar 
to what occurs in the lower limb. 


SuBCLAVIAN ARTERIES (fig. 490) 


The subclavian artery on the right side arises from the innominate artery 
opposite the right sterno-clavicular articulation ; on the left side it arises from 
the arch of the aorta. It follows, therefore, that these two vessels must, in the 
first part of their course, differ in their length, their direction, and their relation 
with neighbouring parts. 

In order to facilitate the description of these vessels, more especially from m 
surgical point of view, each subclavian artery has been divided into three parts. 
The first portion, on the right side, passes upwards and outwards from the origin 
of the vessel to the inner border of the Scalenus anticus. On the left side it 
ascends nearly vertically, to gain the inner border of that muscle. The second 
part passes outwards, behind the Scalenus anticus; and the third part extends 
from the outer margin of that muscle, beneath the clavicle, to the outer border of 
the first rib, where it becomes the axillary artery. The first portions of the two 
vessels differ so much in their course, and in their relation with neighbouring 
parts, that they will be described separately. The second and third parts are 
alike on the two sides. 


First Part or THE Rient SUBCLAVIAN Artery (figs. 472, 475, 490) 


The right subclavian artery arises from the arteria innominata, opposite the 
upper part of the right sterno-clavicular articulation, and passes upwards and 


* The student who desires further information on this subject is referred to Charcot's 
Localisation of Cerebral and Spinal Diseases, p. 42 et seg., whence the facts above given 
have been principally derived. 
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nticus muscle. In this part of 


outwards to the inner margin of the Scalenus a n th 
the extent to which it does so 


‘ts course it ascends a little above the clavicle, de 
varying in different cases. It is covered, in front, by the integument, superficial 
fascia, Platysma, deep fascia, the clavicular origin of the Sterno-mastoid, the 
Sterno-hyoid, and Sterno-thyroid muscles, and another layer of the deep fascia. 
It is crossed by the internal jugular and vertebral veins, and by the pneumo- 
gastric nerve and the cardiac branches of the pneumogastric and sympathetic. 
A loop of the sympathetic nerve itself also crosses the artery, forming a ring 
(annulus Vieussent) around the vessel. The anterior jugular vein passes outwards: 
in front of the artery but is not in contact with it, being separated from it by 
the Sterno-hyoid and Sterno-thyroid muscles. Below and behind the artery 
is the pleura, which separates it from the apex of the lung; behind is the 
gangliated cord of the sympathetic, the Longus colli muscle and first dorsal 
vertebra ; the recurrent laryngeal nerve winds round the lower and back part 


of the vessel. 


PLAN or RELATIONS or First Portion OF THE RIGHT SUBCLAVIAN ARTERY 


In front. 


Skin, superficial fascia. 

Platysma, deep fascia. 

Clavicular origin of Sterno-mastoid. 

Sterno-hyoid, and Sterno-thyroid. 

Anterior jugular, internal jugular, and vertebral veins. 
Pneumogastric and cardiac nerves. 

Loop from the sympathetic. 


Right Beneath. 
Subolavian 






_ Artery. Pleura. 
First "A Recurrent laryngeal nerve. 
Behind. 
Recurrent laryngeal nerve. 
Sympathetic. 


Pleura and apex of lung. 
Longus colli. 
First dorsal vertebra. 


First PART or THE LEFT SuscLavian ARTERY (fig. 472) 


The left subclavian artery arises from the end of the arch of the aorta 
opposite the fourth dorsal vertebra, and ascends nearly vertically to the inner 
margin of the Scalenus anticus muscle. This part of the vessel is, therefore 
te pe = right, hie aed ok cavity of the chest, and directed 
nearly vertically upwards instead of archin ‘ds li 5 
cepts ae y up g outwards like the vessel of the 

The first part of the left subclavian artery is in relati 
pneumogastric, cardiac, and phrenic nerves, inet, -lie s y eR 
common carotid artery, left internal jugular and vertebral veins, and the ċom 
mencement of the left innominate vein, and is covered by the Sterno-th roid, 
Sterno-hyoid, and Sterno-mastoid muscles; behind, it is in relation with the 
cesophagus, thoracic duct, inferior cervical ganglion of the sympathetic a 
Longus colli; higher up, however, the esophagus and thoracic ect lie to it 
right side; the latter ultimately arching over the vessel to join the angl i 
union between the subclavian and internal jugular veins. To its nde sid 
are the cesophagus, trachea, thoracic duct, and left recurrent la maoeal “ 
to its outer side, the left pleura and lung. ryngeal nerve ; 
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PLAN OF RELATIONS OF First PORTION OF THE LEFT SUBCLAVIAN ARTERY 


In front. 
Pueumogastric, cardiac, and phrenic nerves. 
Left common carotid artery. Thoracic duct. 
Left internal jugular, vertebral, and innominate veins. 
Sterno-thyroid, Sterno-hyoid, and Sterno-mastoid muscles. 


Inner side. f =. 


Trachea. Left 


(Esophagus Subclavian Outer side. 
Thoracic duct. eee Pleura and left lung. 


Left recurrent laryngeal nerve. 
ee 
Behind. 
(sophagus and thoracic duct. 


Inferior cervical ganglion of sympathetic. 
Longus colli. 


SECOND AND THIRD Parts oF THE SuUBCLAVIAN ARTERY (figs. 475, 490) 


The Second Portion of the Subclavian Artery lies behind the Scalenus anticus 
muscle ; it is very short, and forms the highest part of the arch described by 
that vessel. 

Relations.—It is covered, in front, by the skin, superficial fascia, Platysma, 
deep cervical fascia, Sterno-mastoid, and the Scalenus anticus muscle. On the 
right side the phrenic nerve is separated from the second part of the artery by the 
Anterior scalene muscle, while on the left side the nerve crosses the first part of 
the artery immediately to the inner edge of the muscle. Behind, it is in relation 
with the pleura and the Middle scalene. Above, with the brachial plexus of 
nerves. Below, with the pleura. The subclavian vein lies below and in front of 


the artery, separated from it by the Scalenus anticus. 


Puan or RELATIONS OF SECOND PORTION OF THE SUBCLAVIAN ARTERY 


In front. 


Skin and superficial fascia. 
Platysma and deep cervical fascia. 
Sterno-mastoid. 

Phrenic nerve. 

Scalenus anticus. 

Subclavian vein. 


Above. Subclavian Below. 
Artery. 
Brachial plexus. Second Portion. Pleura. 





Behind. 
Pleura and Middle Scalenus. 


The Third Portion of the Subclavian Artery passes downwards and outwards 
from the outer margin of the Scalenus anticus to the outer border of the first 
rib, where it becomes the axillary artery. This portion of the vessel is the most 
superficial, and is contained in the Subclavian triangle (see page 625). 

Relations.—1t is covered, in front, by the skin, the superficial fascia, the 
Platysma, the descending clavicular branches of the cervical plexus, and the deep 
cervical fascia; by the clavicle, the Subclavius muscle, and the suprascapular 
artery and vein, and the transverse cervical vein; the nerve to the Subclavius 
muscle passes vertically downwards in front of the artery. The external jugular 
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vein crosses it at its inner side, and receives the suprascapular and transverse 
cervical veins, which frequently form a plexus in front of it. The subclavian 
vein is below and in front of the artery, lying close behind the clavicle. Behind, 
it lies on the Middle scalene muscle and the trunk of the brachial plexus, which 
is formed by the union of the last cervical and first dorsal nerves. Above it, 
and to its outer side, are the upper trunks of the brachial plexus, and Omo- 
hyoid muscle. Below, it rests on the upper surface of the first rib. 


Puan oF RELATIONS oF THIRD PORTION OF THE SUBCLAVIAN ARTERY 


In front. 


Skin and superficial fascia. 

Platysma and deep cervical fascia. 

Descending branches of cervical plexus. Nerve to Subclavius muscle. 
Subclavius muscle, suprascapular artery, and vein. 

External jugular and transverse cervical veins. 

Clavicle. 


Ove, 
a af Subclavian Below. 
Brachial plexus. Artery. ‘ 
Omo-hyoid. Third Portion. First rib. 





Behind. 


Scalenus medius. 
Lower cord of brachial plexus. 


Peculiarities.—The subclavian arteries vary in their origin, their course, and the 
height to which they rise in the neck. 

The origin of the right subclavian from the innominate takes place, in some cases, 
above the sterno-clavicular articulation ; and occasionally, but less frequently, in the 
cavity of the thorax, below that joint ; or the artery may arise as. a separate trunk from 
the arch of the aorta. In such cases it may be either the first, second, third, or even the 
last branch derived from that vessel; in the majority of cases, it is the first or last, rarely 
the second or third. When it is the first branch, it oceupies the ordinary position of 
the innominate artery; when the second or third, it gains its usual position by passing 
behind the right carotid; and when the last branch, it arises from the left extremity of 
the arch, at its upper or back part, and passes obliquely towards the right side, usually 
behind the trachea, esophagus, and right carotid, sometimes between the cesophagus and 
trachea, to the upper border of the first rib, whence it follows its ordinary course. In 
very rare instances, this vessel arises from the thoracic aorta, as low down as the fourth 
dorsal vertebra. Occasionally, it perforates the Anterior scalene; more rarely it passes 
in front of that muscle. Sometimes the subclavian vein passes with the artery behind the 
Anterior scalene. The artery may ascend as high as an inch and a half above the clavicle 
or any intermediate point between this and the upper border of the bone, the right 
subclavian usually ascending higher than the left. 

The left subclavian is occasionally joined at its origin with the left carotid. 

Surface Marking.—The course of the subclavian artery in the neck may be mapped 
out, by describing a curve, with its convexity upwards, at the base of the posterior 
triangle. The inner end of this curve corresponds to the sterno-clavicular joint, the outer 
end to the centre of the lower border of the clavicle. The curve is to be Gann with 
such an amount of convexity that its mid-point reaches half an inch above the upper 
border of the clavicle. The left subclavian artery is more deeply placed than the right 
in the first part of its course, and, as a rule, does not reach quite as high a level in the 
neck. It should be borne in mind that the posterior border of the Sterno-mastoid muscle 
conpemonee to ze irga border of Ky Scalenus anticus, so that the third portion 
of the artery, that part most accessible for operation, lies i j 
pog sior ora of the Sterno-mastoid. j es immediately external to the 

urgical Anatomy.—An aneurism may form on any part of axis 
except the intrathoracic portion of the fetta renee wiih i said ll eg ie y 
aneurism. The most common site is, however, the third portion, especially on the right 
side, on account of the greater exposure to injury and the greater amount of use of the 
right upper extremity. In this situation it may cause pressure on the brachial plexus 
producing pain and numbness in the arm and fingers, with loss of power or paralysis of 
the muscles of these parts. @Œdema of the arm may result from pressure of the 
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subclavian vein. The external jugular vein may become distended and varicose. The 
treatment is unsatisfactory, since proximal ligature cannot be undertaken with much 
chance of success. If constitutional treatment with direct pressure on the aneurismal sac 
fails, the best treatment is excision of the sac, if it is still small; if it has become diffused, 
as it has a great tendency to, amputation at the shoulder-joint may be necessary. In 
aneurisms of the first portion of this artery there is edema of the head and face, with 
lividity, congestion of the brain, and semi-consciousness from pressure on the internal 
jugular vein, and spasmodic action of the Diaphragm from pressure on the phrenic nerve. 

Compression of the subclavian artery is required in cases of operations about the 
shoulder, in the axilla, or at the upper part of the arm; and the student will observe that 


Fie. 490.—The subclavian artery, showing its relations, 
(From a preparation in the Museum of the Royal College of Surgeons of England.) 
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there is only one situation in which it can be effectually applied, viz. where the artery 
passes across the upper surface of the first rib. In order to compress the vessel in this 
situation, the shoulder should be depressed, and the surgeon grasping the side of the neck 
should press with his thumb in the angle formed by the posterior border of the Sterno- 
mastoid with the upper border of the clavicle, downwards, backwards, and inwards 
against the rib; if from any cause the shoulder cannot be sufficiently depressed, pressure 
may be made from before backwards, so as to compress the artery against the Middle 
scalenus and transverse process of the seventh cervical vertebra. In appropriate cases, a 
preliminary incision may be made through the cervical fascia, and the finger may be 
pressed down directly upon the artery. T 
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‘gature of the subclavian artery may be required in cases of wounds, or of aneurism 
a e pA n a euei on the cardiac side of the point of ligature; and eae 
third part of the artery is that which is most favourable for an operation, E palaun 
of its being comparatively superficial, and most remote from the origin of the ae 
branches. In those cases where the clavicle is not displaced, this operation may be 
performed with comparative facility ; but where the clavicle is pushed up by a large 
aneurismal tumour in the axilla, the artery is placed at a great depth from the surface, 
which materially increases the difficulty of the operation. Under these circumstances, it 
becomes a matter of importance to consider the height to which this vessel reaches above 
the bone. In ordinary cases, its arch is about half an inch above the clavicle, occasionally 
as high as an inch and a half, and sometimes so low as to be on a level with its upper 
border. If the clavicle is displaced, these variations will necessarily make the operation 
more ‘or less difficult, according as the vessel is more or less accessible. 

The chief points in the operation of tying the third portion of the subclavian artery 
are as follows: The patient being placed on a table in the supine position, with the head 
drawn over to the opposite side, and the shoulder depressed as much as possible, the 
integument should be drawn downwards over the clavicle, and an incision made through 
it, upon that bone, from the anterior border of the Trapezius to the posterior border of 
the Sterno-mastoid, to which may be added a short vertical incision meeting the inner end 
of the preceding. The object in drawing the skin downwards is to avoid any risk of 
wounding the external jugular vein, for as it perforates the deep fascia above the clavicle, 
it cannot be drawn downwards with the skin. The soft parts should now be allowed to 
glide up, and the cervical fascia divided upon a director, and if the interval between the 
Trapezius and Sterno-mastoid muscles be insufficient for the performance of the opera- 
tion, a portion of one or both may be divided. The external jugular vein will now be 
seen fowards the inner side of the wound: this and the suprascapular and transverse 
cervical veins which terminate in it should be held aside. If the external jugular vein is 
at all in the way and exposed to injury, it should be tied in two places and divided. 
The suprascapular artery should be avoided, and the Omo-hyoid muscle held aside if 
necessary. In the space beneath this muscle, careful search must be made for the vessel ; 
a deep layer of fascia and some connective tissue having been divided carefully, the outer 
margin of the Scalenus anticus muscle must be felt for, and the finger being guided by it 
to the first rib, the pulsation of the subclavian artery will be felt as it passes over the rib. 
The sheath of the vessels having been opened, the aneurism needle may then be passed 
around the artery from above downwards and inwards so as to avoid including any of 
the branches of the brachial plexus. If the clavicle is so raised by the tumour that the 
application of the ligature cannot be effected in this situation, the artery may be tied 
above the first rib, or even behind the Scalenus anticus muscle; the difficulties of the 
operation in such a case will be materially increased, on account of the greater depth of 
the artery, and the alteration in position of the surrounding parts. 

The second part of the subclavian artery, from being that portion which rises highest 
in the neck, has been considered favourable for the application of the ligature, when it is 
difficult to tie the artery in the third part of its course. There are, however, many 
objections to the operation in this situation. It is necessary to divide the Scalenus 
anticus muscle, upon which lies the phrenic nerve, and at the inner side of which is 
situated the internal jugular vein; and a wound of either of these structures might lead 
to the most dangerous consequences. Again, the artery is in contact, below, with the 
pleura, which must also be avoided ; and, lastly, the proximity of so many of its large 
branches arising internal to this point must be a still further objection to the operation. 
In cases, however, where the sac of an axillary aneurism encroaches on the neck, it 
may be necessary to divide the outer half or two-thirds of the Scalenus anticus musele, 
so.as to place the ligature on the vessel at a greater distance from the sae. The operation 
18 performed exactly in the same way as ligature of the third portion, until the Scalenus 
anticus is exposed, when it is to be divided on a director (never to a greater extent than 
its outer two-thirds), and it immediately retracts. The operation is therefore merely an 
extension of ligature of the third portion of the vessel. 

In those cases of aneurism of the axillary or subclavian artery which encroach upon 
the outer portion of the Scalenus muscle to such an extent that a ligature cannot be 
applied in that situation, it may be deemed advisable, as a last resource, to tie the first 
portion of the subclavian artery. On the left side, this operation is almost impracticable ; 
the great depth of the artery from the surface, its intimate relation with the pleura, and 
its close proximity to the thoracic duct and to so many important veins and nerves, 
present a series of difficulties which it is next to impossible to overcome.* On the right 
ae the operation is practicable, and has been performed on several occasions. The main 
Objection to the operation in this situation is the smallness of the interval which usually 
exists between the commencement of the vessel and the origin of the nearest branch. 
The operation may be performed in the following manner: The patient being placed on 
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the table in the supine position, with the neck extended, an incision should be made along 
the upper border of the inner part of the clavicle, and a second along the inner border 
of the Sterno-mastoid, meeting the former at an angle. The attachment of both heads of 
the Sterno-mastoid must be divided on a director, and turned outwards; a few small 
arteries and veins, and occasionally the anterior jugular, must be avoided, or, if necessary, 
ligatured in two places and divided, and the Sterno-hyoid and Sterno-thyroid muscles 
divided in the same manner as the preceding muscle. After tearing through the deep 
fascia with the finger nail, the internal jugular vein will be seen crossing the subclavian 
artery; this should be pressed aside, and the artery secured by passing the needle from 
below upwards, by which the pleura is more effectually avoided. The exact position of 
the vagus, the recurrent laryngeal, the phrenic and sympathetic nerves should be borne 
in mind, and the ligature should be applied near the origin of the vertebral, in order to 
afford as much room as possible for the formation of a coagulum between the ligature 
and the origin of the vessel. It should be remembered, that the right subclavian artery 
is occasionally deeply placed in the first part of its course, when it arises from the left side 
of = aortic arch, and passes in such cases behind the œsophagus, or between it and the 
trachea. 

Collateral Circulation.—After ligature of the third part of the subclavian artery, the 
collateral circulation is mainly established by three sets of vessels, thus described in a 
dissection : 

‘1. A posterior set, consisting of the suprascapular and posterior scapular branches of 
the subclavian, anastomosing with the subscapular from the axillary. 

‘2, An internal set, produced by the connection of the internal mammary on the one 
hand, with the superior and long thoracic arteries, and the branches from the subscapular 
on the other. : 

‘3, A middle or axillary set, consisting of a number of small vessels derived from 
branches of the subclavian, above; and, passing through the axilla, terminated either 
in the main trunk, or some of the branches of the axillary below. This last set presented 
most conspicuously the peculiar character of newly formed or, rather, dilated arteries, 
being excessively tortuous, and forming a complete plexus. 

‘The chief agent in the restoration of the axillary artery below the tumour was the 
subscapular artery, which communicated most freely with the internal mammary, supra- 
scapular, and posterior scapular branches of the subclavian, from all of which it received 
so great an influx of blood as to dilate it to three times its natural size.’ * 

When a ligature is applied to the first part of the subclavian artery, the collateral 
circulation is carried on by: 1, the anastomosis between the superior and inferior thyroid ; 
2, the anastomosis of the two vertebrals; 3, the anastomosis of the internal mammary 
with the deep epigastric and the aortic intercostals; 4, the superior intercostal anasto- 
mosing with the aortic intercostals; 5, the profunda cervicis anastomosing with the 
princeps cervicis; 6, the scapular branches 
of the thyroid axis anastomosing with the Fie. 491.—Plan of the branches of the 


branches of the axillary; and 7, the thoracic right subelavian artery. 
branches of the axillary anastomosing with 
the aortic intercostals. | 
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Branches.—The branches given off 
from the subclavian artery are: 


Vertebral. — 
Internal mammary. “Ses È e 
Thyroid axis. Ge J g 
a A I te 
Superior intercostal. mem ma 
On the left side all four branches Got A e, 
generally arise from the first portion of 9 ee S 
the vessel; but on the right side, the su- = A à 


perior intercostal usually springs from the 
second portion of the vessel. On both 
sides of the body, the first three branches 
arise close together at the inner margin of the Scalenus anticus; in the majority 
of cases, a free interval of from half an inch to an inch exists between the com- 
mencement of the artery and the origin of the nearest brauch; in a smaller 
number of cases, an interval of more than an inch exists, but it never exceeds 
an inch and three-quarters. In a very few instances, the interval has been 
found to be less than half an inch. The vertebral artery arises from the upper 


* Guy’s Hospital Reports, vol. i. 1836. Case of axillary aneurism, in which Aston 
Key had tied the subclavian artery on the outer edge of the Scalenus muscle, twelve years 
previously. 
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and posterior -part of the antay, the internal mammary from the lower ei of 
the artery; the thyroid axis from in front, and the superior intercostal trom 
behind. 

The Vertebral artery (fig. 481) is generally the first and largest branch of the 
subclavian ; it arises from the upper and back part of the first portion of the 
vessel, and, passing upwards, enters the foramen in the transverse process of 
the sixth cervical vertebra,* and ascends through the foramina in the transverse 
processes of all the vertebrae above this. Above the upper border of the axis, 
it inclines outwards and upwards to the foramen in the transverse process of the 
atlas, through which it passes; it then winds backwards behind its articular 
process, runs in a deep groove on the upper surface of the posterior arch of this 
bone, and, passing beneath the posterior occipito-atlantal ligament, pierces the 
dura mater and arachnoid, and enters the skull through the foramen magnum. 
It then passes forwards and upwards, inclining from the lateral aspect to the 
front of the medulla oblongata, It unites, in the middle line, with the vessel of 
the opposite side at the lower border of the pons Varolii to form the basilar 
artery. 

Robie Fer convenience of description the vertebral artery may be 
divided into four parts. The first part (cervical) lies between the Longus colli 
and Scalenus anticus muscles. It has in front of it the internal jugular and 
vertebral veins, and is crossed by the inferior thyroid artery, and on the left 
side by the thoracic duct. It rests on the transverse process of the seventh 
cervical vertebra, and the sympathetic cord. The second part (vertebral) runs 
upwards through the foramina in the transverse processes, and is surrounded by 
a network of nerves from the inferior cervical ganglion of the sympathetic, and 
a dense plexus of veins which unite to form the vertebral vein at the lower part 
of the neck, It is situated in front of the cervical nerves as they issue from the 
intervertebral foramina. The third part (atlantic) begins where the artery passes 
through the transverse process of the atlas, and, winding round its articular 
process, passes beneath the posterior occipito-atlantal ligament. In this stage 
it is contained in a triangular space (suboccipital triangle) formed by the Rectus 
capitis posticus major, the Superior and the Inferior oblique muscles; and at 
this point is covered by the Complexus muscle. The suboccipital nerve here 
lies between the artery and the bone. The fourth part (intracranial) winds 
round the medulla oblongata, and is placed between the hypoglossal nerve and 
the anterior root of the suboccipital nerve, beneath the first digitation of the 
ligamentum denticulatum, and finally ascends between the basilar process of the 
occipital bone and the anterior surface of the medulla oblongata. 

The branches given off from this vessel may be divided into two sets—those 
given off in the neck, and those within the cranium. 


Cervical Branches. Cranial Branches. 
Lateral spinal. Posterior meningeal. 
Muscular. Anterior spinal. 


Posterior spinal. 


Posterior inferior cerebellar. 
Bulbar. 


The lateral spinal branches enter the spinal canal through the intervertebral 
foramina, and divide into two branches. Of these, one passes along the roots of 
the nerves to supply the spinal cord and its membranes, anastomosing with the 
other arteries of the spinal cord; the other divides into an ascending and a 
descending branch, which unite with similar branches from the artery above and 
below, so that two lateral anastomotic chains are formed on the posterior surface 
of the bodies of the vertebre, near the attachment of the pedicles. From these 
anastomotic chains branches are given off, to supply the periosteum and the 
bodies of the vertebrae, and to communicate with similar branches from the 
opposite side; from these latter small branches are given off which join similar 

ranches above and below, so that a central anastomotic chain is formed on the 
posterior surface of the bodies of the vertebræ. 


* The vertebral artery sometimes enters the foramen in the transverse process of the 
fifth vertebra. Smyth, who tied this artery in the living subject, found it, in one of his 
dissections, passing into the foramen in the seventh vertebra. 
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Muscular branches are given off to the deep muscles of the neck, where the 
vertebral artery curves round the articular process of the atlas. They anastomose 
with the occipital, and with the ascending and deep cervical arteries. 

The posterior meningeal are one or two small branches given off from the 
vertebral opposite the foramen magnum. They ramify between the bone and 
dura mater in the cerebellar fosse, and supply the falx cerebelli. 

The anterior spinal (fig. 492) is a small branch, which arises near the termina- 
tion of the vertebral, and, descending in front of the medulla oblongata, unites with 
its fellow of the opposite side at about the level of the foramen magnum. One 
of these vessels is usually larger than the other, but occasionally they are about 
equal in size. The single trunk, thus formed, descends on the front of the spinal 
cord, and is reinforced by a succession of small branches which enter the spinal 
canal through the intervertebral foramina; these branches are derived from the 
vertebral and ascending cervical of the inferior thyroid in the neck; from the 
intercostals in the dorsal region ; and from the lumbar, ilio-lumbar, and lateral 


Fig. 492.—Arteries and veins of the spinal cord. Schematic arrangement of vessels 
as seen in a transverse section of the dorsal region of the cord. (Poirier.) 
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sacral arteries in the lower part of the spine. They unite, by means of ascend- 
ing and descending branches, to form a single anterior median artery, which 
extends as far as the lower part of the spinal cord, and is continued as a slender 
twig on the filum terminale. This vessel is placed in the pia mater along the 
anterior median fissure; it supplies that membrane, and the substance of the 
cord, and sends off branches at its lower part to be distributed to the cauda 
equina, and ends on the central fibrous prolongation of the cord. l 

The posterior spinal (fig. 492) arises from the vertebral, at the side of the 
medulla oblongata; passing backwards to the posterior aspect of the spinal cord, 
it descends on the spinal cord, lying behind the posterior roots of the spinal 
nerves; and is reinforced by a succession of small branches, which enter the 
spinal canal through the intervertebral foramina, and by which it 1s continued 
to the lower part of the cord, and to the cauda equina. Branches from right 
and left posterior spinal arteries form a free anastomosis round the posterior 
roots of the spinal nerves, and communicate, by means of very tortuous trans- 
verse branches, with the vessel of the opposite side. At its commencement 
it gives off an ascending branch, which terminates at the side of the fourth 
ventricle. 
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The posterior inferior cerebellar artery (fig. 483), the largest branch of the 
vertebral, winds backwards round the upper part of the medulla oblongata, passing 
between the origin of the pneumogastric and spinal accessory nerves, over the 
restiform body to the under surface of the cerebellum, where 1t divides into two 
branches: an internal one, which is continued backwards to the notch between 
the two hemispheres of the cerebellum ; and an external one, which supplies the 
under surface of the cerebellum, as far as its outer border, where it anastomoses 
with the anterior inferior cerebellar and the superior cerebellar branches of 
the basilar artery. Branches from this artery supply the choroid plexus of the 
fourth ventricle. 

The bulbar arteries comprise several minute vessels which spring from the 
vertebral and its branches and are distributed to the medulla oblongata. 


Surgical Anatomy.—The vertebral artery has been tied in several instances: 1, for 
wounds or traumatic aneurism; 2, in ligature of the innominate, either at the same time 
to prevent hemorrhage, or later on to arrest bleeding where it has occurred at the seat 
of ligature; and 3,in epilepsy. In these latter cases the treatment was recommended 
by Alexander, of Liverpool, in the hope that by diminishing the supply of blood to the 
posterior part of the brain and the spinal cord, a diminution or cessation of the epileptic 
fits would result. But, on account of the uncertainty as to what cases, if any, derived 
benefit from the operation, it has now been abandoned. The opcration of ligature of the 
vertebral is performed by making an incision along the posterior border of the Sterno- 
mastoid muscle, just above the clavicle. The muscle is pulled to the inner side and the 
anterior tubercle of the transverse process of the sixth cervical vertebra sought for. A 
deep layer of fascia being now divided, the interval between the Sealenus anticus and the 
Longus colli, just below their attachment to the tubercle, is defined, and the artery and 
vein found in the interspace. The vein is to be drawn to the outer side, and the aneurism 
needle passed from without inwards. Ramskill and Bright have pointed out that severe 

ain at the back of the head may be symptomatic of disease of the vertebral artery just 

efore it enters the skull. This is explained by the close connection of the artery with 
the suboccipital nerve in the groove on the posterior arch of the atlas. Disease of the 
same artery has been also said to affect speech, from pressure on the hypoglossal, where 
it js in relation with the vessel, leading to paralysis of the muscles of the tongue. 


The Basilar artery (fig. 483), so named from its position at the base of the 
skull, is a single trunk formed by the junction of the two vertebral arteries ; it 
extends from the posterior to the anterior border of the pons Varolii, lying in 
its median groove, under cover of the arachnoid. It ends by dividing into the 
two posterior cerebral arteries. Its branches are, on each side, the following: 


Transverse. Anterior inferior cerebellar. 
Auditory. Superior cerebellar. 
Posterior cerebral. 


The transverse branches are a number of small vessels which come off at 
right angles on either side of the basilar artery and supply the pons Varolii and 
adjacent parts of the brain. 

The auditory artery is a long slender branch, which accompanies the 
auditory nerve into the internal auditory meatus, where it lies between the 
seventh and eighth nerves, and at the bottom of the meatus passes into the 
internal ear. 

The anterior inferior cerebellar artery passes backwards, to be distributed 
to the anterior part of the under surface of the cerebellum, anastomosing with 
the posterior inferior cerebellar branch of the vertebral. 

The superior cerebellar arteries arise near the termination of the basilar. 
They pass outwards, immediately behind the third nerves, which separate them 
from the posterior cerebral, wind round the crura cerebri, close to the fourth 
nerve, and arriving at the upper surface of the cerebellum, divide into branches 
which ramify in the pia mater and, reaching the circumference of the cerebellum, 
anastomose with the branches of the inferior cerebellar arteries. Several 
branches are given to the pineal gland, the valve of Vieussens, and the velum 
interpositum. 

The posterior cerebral arteries, the two terminal branches of the basilar, are 
larger than the preceding, from which they are separated near their origin by 

the third nerves. Passing outwards, parallel to the superior cerebellar artery 
and receiving the- posterior communicating from the internal carotid, they wind 
round the crura cerebri, and pass to the under surface of the occipital lobes of 
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the cerebrum, and break up into branches for the supply of the temporal and 
occipital lobes. The branches of the posterior cerebral artery are divided into 
two sets, ganglionic and cortical : 


~ _ ,Postero-median. Anterior temporal. 
Ganglionio { Posterior choroid. Cortical Posterior temporal. 
Postero-lateral. Occipital. 


Ganglionic.—The postero-median ganglionic branches (fig. 488) are a group of 
small arteries which arise at the commencement of the posterior cerebral artery ; 
these, with similar branches from the posterior communicating, pierce the pos- 
terior perforated space, and supply the internal surfaces of the optic thalami and 
the walls of the third ventricle. The posterior choroid enters the interior of the 
brain beneath the splenium of the corpus callosum, and supplies the velum inter- 
positum and the choroid plexus. The postero-lateral ganglionic branches are a 
group of small arteries which arise from the posterior cerebral artery, after it has 
turned round the crus cerebri; they supply a considerable portion of the optic 
thalamus. 

Cortical.—The cortical branches are distributed as follows: the first (anterior 
temporal) to the uncinate gyrus ; the second (posterior temporal) to the temporo- 
occipital and the third temporal convolutions; and the third (occipital) to the 
inner and outer surfaces of the occipital lobe. 

The Thyroid axis (fig. 475) is a short thick trunk, which arises from the front 
of the first portion of the subclavian artery, close to the inner border of the 
Scalenus anticus muscle, and divides, almost immediately after its origin, into 
three branches, the inferior thyroid, suprascapular, and transverse cervical. 

The Inferior thyroid artery passes upwards, in front of the vertebral artery 
and Longus colli muscle; then turns inwards behind the sheath of the common 
carotid artery and internal jugular vein, and also behind the sympathetic nerve, 
the middle cervical ganglion resting upon the vessel, and reaching the lower 
border of the lateral lobe of the thyroid gland it divides into two branches, which 
supply the posterior and under part of the organ, and anastomose in its substance 
with the superior thyroid, and with the corresponding artery of the opposite side. 
The recurrent laryngeal nerve passes upwards, generally behind but occasionally 
in front of the artery. Its branches are, the 


Inferior laryngeal. (sophageal. 
Tracheal. Ascending cervical. 
Muscular. 


The inferior laryngeal branch ascends upon the trachea to the back part of 
the larynx, in company with the recurrent laryngeal nerve, and supplies the 
muscles and mucous membrane of this part, anastomosing with the branch from 
the opposite side, and with the laryngeal branch from the superior thyroid artery. 

The tracheal branches are distributed upon the trachea, anastomosing below 
with the bronchial arteries. 

The esophageal branches are distributed to the csophagus, and anastomose 
with the cesophageal branches of the aorta. | — 

The ascending cervical is a small branch which arises from the inferior 
thyroid, just where that vessel is passing behind the common carotid artery, and 
runs up on the anterior tubercles of the transverse processes of the cervical 
vertebræ in the interval between the Scalenus anticus and Rectus capitis anticus 
major. It gives branches to the muscles of the neck, which anastomose with 
branches of the vertebral, and sends one or two branches into the spinal canal 
through the intervertebral foramina to be distributed to the spinal cord and 
its membranes, and to the bodies of the vertebra in the same manner as the 
lateral spinal branches from the vertebral. It anastomoses with the ascending 
pharyngeal and occipital arteries. l 

The muscular branches supply the depressors of the hyoid bone, the Longus 
colli, the Scalenus anticus, and the Inferior constrictor of the pharynx. 

Surgical Anatomy.—The inferior thyroid artery has been tied, in conjunction with the 
superior thyroid, in cases of bronchocele. An incision is made along the anterior border 
of the Sterno-mastoid down to the clavicle. After the deep fascia has been divided, the 
Sterno-mastoid and carotid vessels are drawn outwards, and the carotid (Chassaignac’s) 
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i iust i le, between the 
tubercle sought for. The vessel will be found just below this tubercle, be 
carotid eee on the outer side and the trachea and csophagus on the inner side. 
In passing the ligature, great care must be exercised to avoid including the recurrent 
laryngeal nerve, which is occasionally found crossing in front of the vessel. 


The Suprascapular artery (transversalis humeri), smaller than the trans- 
vergalis colli, passes obliquely from within outwards, across the root of the neck. 
It at first passes downwards and outwards across the Scalenus anticus and 
phrenic nerve, being covered by the Sterno-mastoid ; it then crosses the subclavian 
artery and the cords of the brachial plexus, and runs outwards, behind and 
parallel with the clavicle and Subclavius muscle, and beneath the posterior belly 
of the Omo-hyoid, to the superior border of the scapula, where it passes over the 
transverse ligament of the scapula, which separates it from the suprascapular 

nerve, to the supraspinous 
Fig. 493.—The scapular and circumflex arteries. fossa. In this situation 
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of Thoracico-acromialts and ramifies between it 
w and the Supraspinatus 
PA " muscle, to which it al 
a ew lies branches. It then 

Ny ail F downwards behind 
the neck of the scapula, 
to reach the infraspinous 
fossa, where’ it anasto- 
moses with the dorsalis 
scapulæ and posterior 
scapular arteries. Besides 
distributing branches to 
the Sterno-mastoid, Sub- 
clavius, and neighbouring 
muscles, it gives off 
a suprasternal branch, 
which crosses over the 
sternal end of the clavicle 
to the skin of the upper 
part of the chest; and 
a supra-acromial branch, 
which, piercing the Trape- 
aius muscle, supplies the skin over the acromion, anastomosing with the acromial 
thoracic artery. As the artery passes over the transverse ligament of the 
scapula, a branch descends into the subscapular fossa, ramifies beneath that 
muscle, and anastomoses with the posterior and subscapular arteries. It also 
sends branches to the acromio-clavicular and shoulder joints, and a nutrient 
artery to the clavicle. 

The Transverse cervical (transversalis colli) passes transversely outwards, 
across the upper part of the subclavian triangle, to the anterior margin of the 
Trapezius muscle, beneath which it divides into two branches, the superficial 
cervical and the posterior scapular. In its passage across the neck, it crosses in 
front of the phrenic nerve, Scaleni muscles, and the brachial plexus, between the 
divisions of which it sometimes passes, and is covered by the Platysma, Sterno- 
mastoid, Omo-hyoid, and Trapezius muscles. 

_ The superficial cervical ascends beneath the anterior margin of the Trapezius, 
distributing branches to it, and to the neighbouring muscles and glands in the 
neck, and anastomoses with the superficial branch of the arteria princeps cervicis. 

The posterior scapular passes beneath the Levator anguli scapule to the 
superior angle of the scapula, and then descends along the posterior border of 
that bone as far as the inferior angle. In its course it is covered by the Rhomboid 
muscles, supplying them and the Latissimus dorsi and Trapezius, and ana- 
stomosing with the suprascapular and subscapular arteries, and with the posterior 
branches of some of the intercostal arteries. 











veg Termination of 
te n subscapular 


Pecultarities—The superficial cervical frequently arises as a separate branch from 
the thyroid axis ; and the posterior scapular, from the third, more rarely from the second 
part of the subclavian. : 
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The Internal mammary (fig. 494) arises from the under surface of the first 
portion of the subclavian artery, opposite the thyroid axis. It passes downwards 
and inwards behind the costal cartilage of the first rib to the inner surface of the 


Fie. 494.—The internal mammary artery and its branches. 
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anterior wall of the chest, resting against the costal cartilages about halt 
from the margin of the sternum; and, at the interval between the sixth and 


seventh cartilages, divides into two branches, the musculo-phrenic and superior 
epigastric. 
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Relations.—At its origin it is covered by the internal jugular and subclavian 
veins, and as it enters the thorax is crossed from without inwards by the phrenic 
nerve, and then passes forwards close to the outer side of the innominate vein. 
In the upper part of the thorax, it lies behind the costal cartilages and Internal 
intercostal muscles, and is crossed by the terminations of the upper six intercostal 
nerves. At first it lies upon the pleura, but at the lower part of the thorax the 
Triangularis sterni separates the artery from this membrane. It has two vene 
comites ; these unite into a single vein, which joins the innominate vein of its 
own side. 

The branches of the internal mammary are : 


Comes nervi phrenici (Superior phrenic). Anterior intercostal. 
Mediastinal. Perforating. 
Pericardiac. Musculo-phrenic. 
Sternal. Superior epigastric. 


The comes nervi phrenici (superior phrenic) is a long slender branch, which 
accompanies the phrenic nerve, between the pleura and pericardium, to the 
Diaphragm, to which it is distributed; anastomosing with the other phrenic 
arteries from the internal mammary, and abdominal aorta. 

The mediastinal branches are small vessels, which are distributed to the 
areolar tissue and lymphatic glands in the anterior mediastinum, and the remains 
of the thymus gland. 

The pericardiac branches supply the upper part of the anterior surface of the 
pericardium, the lower part receiving branches from the musculo-phrenic artery. 

The sternal branches are distributed to the Triangularis sterni, and to the 
posterior surface of the sternum. : 

The mediastinal, pericardiac, and sternal branches, together with some twigs 
from the comes nervi phrenici, anastomose with branches from the intercostal 
and bronchial arteries, and form a minute plexus beneath the pleura which has 
been named by Turner the subpleural mediastinal plexus, 

The anterior intercostal arteries supply the five or six upper intercostal 
spaces. Two in number in each space, these small vessels pass outwards, one 
lying near the lower margin of the rib above, and the other near the upper 
margin of the rib below, and anastomose with the intercostal arteries from 
the aorta. at are at first situated between the pleura and the Internal 
intercostal muscles, and then between the Internal and External intercostal 
muscles. They supply the Intercostal muscles and, by branches which per- 
fount the External intercostal muscle, the Pectoral muscles and the mammary 
gland. 

The perforating arteries correspond to the five or six upper intercostal spaces. 
They arise from the internal mammary, pass forwards through the intercostal 
spaces, and, curving outwards, supply the Pectoralis major and the integument. 
Those which correspond to the second, third, and fourth spaces are distributed 
e the mammary gland. In females, during lactation, these branches are of 
arge size. 

The musculo-phrenic artery is directed obliquely downwards and outwards 
behind the cartilages of the false ribs, perforates the Diaphragm at the eighth or 
ninth costal cartilage, and terminates, considerably reduced in size, opposite the 
last intercostal space. It gives off anterior intercostal arteries to each of the 
intercostal spaces across which it passes; these diminish in size as the spaces 
decrease in length, and are distributed in a manner precisely similar to the 
anterior. intercostals from the internal mammary. The musculo-phrenic also 
pines branches to the lower part of the pericardium, and others which run 

ackwards to the Diaphragm, and downwards to the abdominal muscles. 

The superior epigastric continues in the original direction of the internal 
mammary; it descends through the cellular interval between the costal and 
sternal attachments of the Diaphragm, and enters the sheath of the Rectus 
abdominis muscle, at first lying behind the muscle, and then perforating it and 
supplying it, and anastomosing with the deep epigastric artery from the external 
iliac. Some vessels perforate the sheath of the Rectus, and supply the muscles 
of the abdomen and the integument, and a small branch, which passes inwards 
upan the side of the ensiform appendix, anastomoses in front of that cartilage with 
the artery of the opposite side. It also gives some twigs to the Diaphragm, 
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while from the artery of the right side small branches extend into the falciform 
ligament of the liver and anastomose with the hepatic artery. 


Surgical Anatomy.—The course of the internal mammary artery may be defined by 
drawing a line across the six upper intercostal spaces, half an inch from and parallel with 
the sternum. The position of the vessel must be remembered, as it is liable to be wounded 
in stabs of the chest-wall. It is most easily reached by a transverse incision in the 
second intercostal space. 


The Superior intercostal (fig. 481) arises from the upper and back part of the 
subclavian artery, behind the Anterior scalene muscle on the right side, and to 
the inner side of that muscle on the left side. Passing backwards, it gives off 
the deep cervical branch, and then descends behind the pleura in front of the 
necks of the first two ribs, and inosculates with the first aortic intercostal. As 
it crosses the neck of the first rib it lies to the inner side of the anterior division 
of the first dorsal nerve and to the outer side of the first thoracic ganglion of 
the sympathetic. In the first intercostal space, it gives off a branch which is 
distributed in a manner similar to the distribution of the aortic intercostals. 
The branch for the second intercostal space usually joins with one from the 
highest aortic intercostal. This branch is not constant, but more commonly 
found on the right side; when absent, its place is supplied by an intercostal 
branch from the aorta. Each intercostal gives off a branch to the posterior 
spinal muscles, and a small one which passes through the corresponding inter- 
vertebral foramen to the spinal cord and its membranes. 

The deep cervical branch (profunda cervicis) arises, in most cases, from the 
superior intercostal, and is analogous to the posterior branch of an aortic inter- 
costal artery : occasionally it arises as a separate branch from the subclavian 
artery. Passing backwards, above the eighth cervical nerve and between the 
transverse process of the seventh cervical vertebra and the neck of the first rib, 
it runs up the back part of the neck, between the Complexus and Semispinalis 
colli muscles, as high as the axis, supplying these and adjacent muscles, and 
anastomosing ‘with the deep branch of the arteria princeps cervicis of the 
occipital, and with branches which pass outwards from the vertebral. It gives 
off a special branch which enters the spinal canal through the intervertebral 
foramen between the seventh cervical and first dorsal vertebra. 


ANATOMY OF THE AXILLA 


The Axilla is a pyramidal space, situated between the upper and lateral part 
of the chest and the inner side of the arm. 

Boundaries.—Its apex, which is directed upwards towards the rootof the neck, 
corresponds to the interval between the first rib, the upper edge of the scapula, 
and the clavicle, through which the axillary vessels and nerves pass. The base, 
directed downwards, is formed by the integument, and a thick layer of fascia, the 
axillary fascia, extending between the lower border of the Pectoralis major in 
front, and the lower border of the Latissimus dorsi behind; it is broad inter- 
nally, at the chest, but narrow and pointed externally, at the arm. The anterior 
boundary is formed by the Pectoralis major and minor muscles, the former 
covering the whole of the anterior wall of the axilla, the latter covering only its 
central part. The space between the inner border of the Pectoralis minor and 
the clavicle is occupied by the costo-coracoid membrane. The posterior boundary, 
which extends somewhat lower than the anterior, is formed by the Subscapu- 
laris above, the Teres major and Latissimus dorsi below. On the inner side are 
the first four ribs with their corresponding Intercostal muscles, and part of the 
Serratus magnus. On the outer side, where the anterior and posterior boundaries 
converge, the space is narrow, and bounded by the humerus, the Coraco-brachialis 
and Biceps muscles. A 

Contents.—This space contains the exillary vessels, and brachial plexus of 
nerves, with their branches ; some branches of the intercostal nerves, and a large 
number of lymphatic glands, all connected together by a quantity of fat and loose 
areolar tissue. | i 

Their position—The axillary artery and vein, with the brachial plexus of 
nerves, extend obliquely along the outer boundary of the axillary space, from its 
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— exievAll 
d are placed much nearer the anterior than the posterior wall, 
AF AT the ingle or thoracic side of the artery, and partially os 
it. At the fore part of the axillary space, in contact with i a aan a 
are the thoracic branches of the axillary artery, and along a e | e gir + 
the Pectoralis minor the long thoracic artery extends to t iz si k ihe pth 
At the back part, in contact with the lower margin of the eo T i att ji 
are the subscapular vessels and nerves; winding around : ji i on a 
this muscle are the dorsalis scapulæ artery and veins; and, ¢ he o the i 
of the humerus, the pogpnior cee vessels and the circumflex nerve are 
ing backwards to the shoulder. l l 
naa the inner or thoracic side no vessel of any importance a upper 
part of the space being crossed merely by a few small branches ag g aia 
thoracic artery. There are some important nerves, however, in .tnis situation, 


Fie. 495.—The axillary artery and its branches. 





viz. the posterior thoracic or external respiratory nerve, descending on the 
surface of the Serratus magnus, to which it is distributed; and perforating the 
upper and anterior part of this wall, the intercosto-humeral] nerve or nerves, 
passing across the axilla to the inner side of the arm. 


The cavity of the axilla is filled by a he of loose areolar tissue, and a 
large number of small arteries and veins, all of which are, however, of incon- 
siderable size, and numerous lymphatic glands, the position and arrangement 
of which are described on a subsequent page. 


Surgical Anatomy.—The axilla is a space of considerable surgical importance. It 
transmits the large vessels and nerves to the upper extremity, and these may be the seat 
of injury or disease: it contains numerous lymphatie glands which may require removal ; 
in it is a quantity of loose connective and adipose tissue which may be readily infiltrated 
with blood or inflammatory exudation, and it may be the seat of rapidly growing tumours. 
Moreover, it is covered at its base by thin skin, largely supplied with sebaceous and sweat 


glands, which is frequently the seat of small cutaneous abscesses and boils, and of eruptions 
due to irritation. 
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Penetrating wounds in the axilla are sometimes accompanied by extensive hemor- 
rhage, either from wound of the main vessels, or of one of the large branches of the 
axillary artery, e.g. the long thoracic or the subscapular. Where the blood cannot find 
an easy exit externally, it collects in the axillary space and forms a large swelling which 
projects in the floor of the axilla and also bulges forwards the Pectoralis major. The 
treatment consists in freely opening up the cavity and searching for and securing the 
bleeding vessel. 

In suppuration in the axilla, the arrangement of the fascie plays a very important 
part in the direction which the pus takes. As described on page 505, the costo-coracoid 
membrane, after covering in the space between the clavicle and the upper border of the 
Pectoralis minor, splits to enclose this muscle, and, reblending at its lower border, becomes 
incorporated with the axillary fascia at the anterior fold of the axilla. This is known as 
the clavi-pectoral fascia. Suppuration may take place either superficial to or beneath 
this layer of fascia; that is, either between the Pectorals or below the Pectoralis minor: 
in the former case, it would point either at the anterior border of the axillary fold, or in 
the groove between the Deltoid and the Pectoralis major; in the latter, the pus would 
have a tendency to surround the vessels and nerves, and ascend into the neck, that being the 
direction in which there is least resistance. Its progress towards the surface is prevented 
by the axillary fascia; its progress backwards, by the Serratus magnus; forwards, by 
the clavi-pectoral fascia; inwards, by the wall of the. thorax ; and outwards, by the upper 
limb. The pus in these cases, after extending into the neck, has been known to spread 
through the superior opening of the thorax into the mediastinum. In some instances 
which have been recorded, the pus has found its way along the course of the vessels into 
the upper arm. 

In opening an axillary abscess, the knife should be entered in the floor of the axilla, 
midway between the anterior and posterior margins and near the thoracic side of the 
space. It is well to use a director and dressing forceps, after an incision has been made 
through the skin and fascia, in the manner directed by Hilton. 

The student should attentively consider the relation of the vessels and nerves in the 
several parts of the axilla, for it is the almost universal plan, in the present day, to 
remove the glands from the axilla in operating for cancer of the breast. In performing 
such an operation, it is necessary to proceed with much caution in the direction of the 
outer wall and apex of the space, as here the axillary vessels are in danger of being 
wounded. ‘Towards the posterior wall, it is necessary to avoid the subscapular, dorsalis 
scapule, and posterior circumflex vessels. Along the anterior wall, it is necessary 
to avoid the thoracic branches. In clearing out the axilla, the axillary vein should be 
first defined and traced up to the apex of the space by means of an elevator or other 
blunt instrument. The Pectoralis major is retracted by an assistant; or, as is more 
commonly the practice in the present day, the sternal origin of this muscle is first 
removed. This proceeding not only lessens the chance of recurrence of the disease, but 
also enables the surgeon to clear out the axillary cavity more thoroughly. When the 
apex of the space is reached all fat and glands must be carefully removed and the whole 
axilla cleared by separating the tissues along the inner and posterior walls, so that when 
the proceeding is completed the axilla is cleared of all its contents except the main vessels 
and nerves. 


AXILLARY ARTERY 


The Axillary artery, the continuation of the subclavian, commences at the 
outer border of the first rib, and terminates at the lower border of the tendon of 
the Teres major muscle, where it takes the name of brachial. Its direction varies 
with the position of the limb: when the arm lies by the side of the chest, the 
vessel forms a gentle curve, the convexity being upwards and outwards; when it 
is directed at right angles with the trunk, the vessel is nearly straight ; and when 
it is elevated still higher, the artery describes a curve, the concavity of which is 
directed upwards. At its commencement the artery is very deeply situated, but 
near its termination is superficial, being covered only by the skin and fascia. 
The description of the relations of this vessel is facilitated by its division into 
three portions: the first portion being that above the Pectoralis minor; the 
second portion, behind ; and the third below, that muscle. 

The first portion of the axillary artery is in relation, in front, with the 
clavicular portion of the Pectoralis major, the costo-coracoid membrane, the 
external anterior thoracic nerve, and the acromio-thoracic and cephalic veins ; 
behind, with the first intercostal space, the corresponding Intercostal muscle, 
the first and second digitations of the Serratus magnus, and the posterior 
thoracic and internal anterior thoracic nerves; on its outer side, with the brachial 
plexus, from which it is separated by a little cellular interval; on its inner, 
or thoracic side, with the axillary vein which overlaps the artery. 
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RELATIONS oF THE First PORTION oF THE AXILLARY ARTERY 


In front. 


Pectoraélis major. 

Costo-coracoid membrane. 

External anterior thoracic nerve. 
Acromio-thoracic and cephalic veins. 


Outer side. Axillary Inner side. 
. Artery. ° A ill eo 
Brachial plexus. First Portion. xillary vein. 





Behind. 


First intercostal space, and Intercostal muscle. 
First and second digitations of Serratus magnus. 
Posterior thoracic and internal anterior thoracic nerves. 


The second portion of the axillary artery lies behind the Pectoralis minor. 
It is covered, in front, by the Pectoralis major and minor muscles; behind 
is the posterior cord of the brachial plexus, and it is separated from the Sub- 
scapularis by a cellular interval; on the inner side is the axillary vein, separated 
from the artery by the inner cord of the plexus and the internal anterior thoracic 
nerve; on the outer side is the outer cord of the brachial plexus. The brachial 
plexus of nerves surrounds the artery on three sides, and separates it from direct 
contact with the vein and adjacent muscles. 


RELATIONS OF THE SECOND PORTION oF THE AXILLARY ARTERY 


In front. 
Pectoralis major and minor. 


oe Inner side. 
er il i ; 

bel E Axillary vein. 

Outer cord of plexus. Second Portion. Inner cord of plexus. 


Internal anterior thoracic nerve. 





Behind. 


Subscapularis. 
Posterior cord of plexus. 


_ „The third portion of the axillary artery lies below the Pectoralis minor. It 
ig In relation, in front, with the lower part of the Pectoralig major above, but 
covered only by the integument and fascia below, where it is crossed by the inner 
head of the median nerve; behind, with the lower part of the Subscapularis, and 
the tendons of the Latissimus dorsi and Teres major; on its outer side, with the 
Coraco-brachialis ; on its inner, or thoracic side, with the axillary vein The 
nerves of the brachial plexus bear the following relation to the artery in this 
part of its course: on the outer side is the median nerve, and the musculo- 
cutaneous for a short distance ; on the inner side, the ulnar (between the vein and 
artery) and lesser internal cutaneous nerves (to the inner side of the vein); in 


front is the internal cutaneous nerve, and behind, the i 

} ; ; musculo- 
a the latter extending only to the lower border of itis iere re 
muscle. 


AXILLARY ARTERY 655 


RELATIONS OF THE THIRD PORTION OF THE AXILLARY ARTERY 


In front. 


Integument and fascia. 
Pectoralis major. 

Inner head of median nerve. 
Internal cutaneous nerve. 






Inner side. 


Ulnar nerve. 

Axillary vein. 

Lesser internal cutaneous 
nerve. 


Outer side. 


Coraco-brachiaslis. 
Median nerve. 
Musculo-cutaneous nerve. 


Axillary 
Artery, 
Third Portion. 


w 


Behind. 
Subscapularis. 
Tendons of Latissimus dorsi and Teres major. 
Musculo-spiral, and circumflex nerves. 





Peculiarities.—The axillary artery, in about one case out of every ten, gives off a 
large branch, which forms either one of the arteries of the forearm, or a large muscular 
trunk. In the first set of cases, this artery is most frequently the radial (1 in 33), some- 
times the ulnar (1 in 72), and, very rarely, the interosseous (1 in 506). In the second 
set of cases, the trunk has been found to give origin to the subscapular, circumflex, and 
profunda arteries of the arm. Sometimes, only one of the circumflex, or one of the 
profunda arteries, arose from the trunk. In these cases the brachial plexus surrounded 
the trunk of the branches, and not the main vessel. 

Surface Marking.—The course of the axillary artery may be marked out by raising 
the arm to a right angle and drawing a line from the middle of the clavicle to the point 
where the tendon of the Pectoralis major crosses the prominence caused by the Coraco- 
brachialis as it emerges from under cover of the anterior fold of the axilla. The third 
portion of the artery can be felt pulsating beneath the skin and fascia, at the junction of 
the anterior with the middle third of the space between the anterior and posterior folds 
of the axilla, close to the inner border of the Coraco-brachialis. 

Surgical Anatomy.—The student, having carefully examined the relations of the 
axillary artery in its various parts, should now. consider in what situation compression 
of this vessel may be most easily effected, and the best position for the application of a 
ligature to it when necessary. l 

Compression of the vessel may be required in the removal of tumours, or in amputa- 
tion of the upper part of the arm; and the only situation in which this can be effectually 
made is in the lower part of its course; by pressing on it in this situation from within 
outwards against the humerus, the circulation may be effectually arrested. 

The axillary artery is perhaps more frequently lacerated than any other artery in the 
body, with the exception of the popliteal, by violent movements of the upper extremity, 
especially in those cases where its coats are diseased. It has occasionally been ruptured 
in attempts to reduce old dislocations of the shoulder-joint. This lesion is most likely 
to occur during the preliminary breaking down of adhesions, in consequence of the 
artery having become fixed to the capsule of the joint. Aneurism of the axillary 
artery is of frequent occurrence: a large percentage of the cases being traumatic in their 
origin, due to the violence to which it is exposed in the varied, extensive, and often 
violent movements of the limb. ; . 

The application of a ligature to the axillary artery may, be required in cases of 
aneurism of the upper part of the brachial, or as a distal operation for aneurism of the 
subclavian ; and there are only two situations in which it can be secured, viz. in the first 
and in the third parts of its course; for the axillary artery at its central part is so deeply 
seated, and, at the same time, so closely surrounded with large nervous trunks, that the 
application of a ligature to it in that situation would be almost impracticable. 

In the third part of its course the operation is most simple, and may be performed 
in the following manner: The patient being placed on a bed, and the arm separated 
from the side, with the hand supinated, an incision is made through the integument 
forming the floor of the axilla, about two inches in length, a little nearer to the anterior 
than the posterior fold of the axilla. After carefully dissecting through the areolar tissue 
and fascia, the median nerve and axillary vein are exposed; the former having been 
displaced to the outer, and the latter to the inner side of the arm, the elbow being at the 
same time bent, so as to relax the structures and facilitate their separation, the ligature 
may be passed round the artery from the ulnar to the radial side. This portion of the 
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artery is occasionally crossed by a muscular slip, the axillary arch, derived from the 
Latissimus dorsi, which may mislead the surgeon during an operation. The occasional 
existence of this muscular fasciculus was spoken of in the description of the muscles. 
It may easily be recognised by the transverse direction of its fibres. | : 

The first portion of the axillary artery may be tied in cases of aneurism encroaching 
so far upwards that a ligature cannot be applied in the lower part of its course. Not- 
withstanding that this operation has been performed in some few cases, and with success, 
its performange is attended with much difficulty and danger. The student will remark 
that, in this situation, it would be necessary to divide a thick muscle, and, after incising 
the costo-coracoid membrane, the artery would be exposed at the bottom of a more or 
less deep space, with the cephalic and axillary veins in such relation with it as must 
render the application of a ligature to this part of the vessel particularly hazardous. 
Under such circumstances it is an easier, and, at the same time, more advisable operation, 
to tie the subclavian artery in the third part of its course. 

The vessel can be best secured by a curved incision with the convexity downwards 
from a point half an inch external to the Sterno-clavicular joint to a point half an inch 
internal to the coracoid process. The limb is to be well abducted and the head inclined 
to the opposite side, and the incision carried through the superficial structures, care being 
taken of the cephalic vein at the outer angle of the incision. The clavicular origin of the 
Pectoralis major is then divided in the whole extent of the wound. The arm is now to 
be brought to the side, and the upper edge of the Pectoralis minor defined and drawn 
downwards. The costo-coracoid membrane is to be carefully divided on a director, 
close to the coracoid process, and the axillary sheath exposed; this is to be opened with 
especial care on account of the vein overlapping the artery. The needle should be 
passed from below, so as to avoid wounding the vein. 

In a case of wound of the vessel, the general practice of cutting down upon, and tying 
it above and below the wounded point, should be adopted in all cases. 

Collateral Circulation after Ligature of the Axillary Artery.—It the artery be tied 
above the origin of the acromial thoracic, the collateral circulation will be carried on by 
the same branches as after the ligature of the subclavian; if at a lower point, between the 
acromial thoracic and subscapular arteries, the latter vessel, by its free anastomoses with 
the other scapular arteries, branches of the subclavian, will become the chief agent in 
carrying on the circulation, to which the long thoracic, if it be below the ligature, will 
materially contribute, by its anastomoses with the intercostal and internal Mammary 
arteries. If the point included in the ligature is below the origin of the subscapular 
artery, it will most probably also be below the origins of the two circumflex arteries. 
The chief agents in restoring the circulation will then be the subscapular and the two 
circumflex arteries anastomosing with the superior profunda from the brachial, which 
will be afterwards referred to as performing the same office after ligature of the brachial. 
The cases in which the operation has been performed are few in number, and no 
published account of dissections of the collateral circulation appears to exist. 


The branches of the axillary artery are— 
l í Acromio-thoracic. 
From first part, Superior thoracic. From second part} Long thoracic. 
(Alar thoracic. 
l Subscapular. 
From third part! Posterior circumflex. 
Anterior circumflex. 


The superior thoracic is a small artery, which arises from the axillary 
separately, or by a common trunk with the acromio-thoracic. Running forwards 
and inwards along the upper border of the Pectoralis minor, it passes between 
it and the Pectoralis major to the side of the chest. It supplies these muscles 
and the parietes of the thorax, anastomosing with the internal mammary and 
intercostal arteries. 

The acromio-thoracic is a short trunk, which arises from the fore part of the 
axillary artery, its origin being generally overlapped by the upper edge of the 
Pectoralis minor. Projecting forwards to the upper border of the Pectoralis 
minor, it pierces the costo-coracoid membrane and divides into four branches— 
thoracic, acromial, clavicular, and humeral. The thoracic branch runs forwards 
and inwards between the two Pectoral muscles, and is distributed to them and 
to the mammary gland, anastomosing with the intercostal branches of the 
internal mammary. The acromial branch is directed outwards towards the 
acromion, supplying the Deltoid muscle, and anastomosing, on the surface of 
the acromion, with the suprascapular, and posterior circumflex arteries. The 
clavicular branch runs upwards and inwards to the sterno-clavicular joint 
supplying this articulation, the structures around, and the Subclavius muscle. 
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The humeral or descending branch passes in the space between the Pectoralis 
major and Deltoid, in the same groove as the cephalic vein, and gives branches 
to both muscles. 

The long thoracic passes downwards and inwards along the lower border of 
the Pectoralis minor to the side of the chest, supplying the Serratus magnus, the 
Pectoral muscles, and mammary gland, and sending branches across the axilla 
to the axillary glands and Subscapularis; it anastomoses with the internal 
mammary and intercostal arteries. 

The alar thoracic is a small branch, which supplies the glands and areolar 
tissue of the axilla. Its place is frequently taken by branches from some of the 
other thoracic arteries. 

The subscapular, the largest branch of the axillary artery, arises opposite the 
lower border of the Subscapularis muscle, and passes downwards and backwards 
along its lower margin to the inferior angle of the scapula, where it anastomoses 
with the long thoracic and intercostal arteries and with the posterior scapular, a 
branch of the transversalis colli, from the thyroid axis of the subclavian. About 
an inch and a half from its origin it gives off a large branch, the dorsalis scapula, 
and terminates by supplying branches to the muscles in the neighbourhood. 

The dorsalis scapule is given off from the subscapular about an inch and a 
half from its origin, and is generally larger than the continuation of the vessel. 
It curves round the axillary border of the scapula, leaving the axilla through the 
space between the Subscapularis above, the Teres major below, and the long head 
of the Triceps externally (fig. 493), and enters the infraspinous fossa by passing 
under cover of the Teres minor, where it anastomoses with the posterior scapular 
and suprascapular arteries. In its course it gives off two sets of branches: one 
enters the subscapular fossa beneath the Subscapularis, which it supplies, ana- 
stomosing with the posterior scapular and suprascapular arteries; the other is 
continued along the axillary border of the scapula, between the Teres major and 
minor, and, at the dorsal surface of the inferior angle of the bone, anastomoses 
with the posterior scapular. In addition to these, small branches are distributed 
to the back part of the Deltoid muscle and the long head of the Triceps, anasto- 
mosing with an ascending branch of the superior profunda of the brachial. 

The circumflex arteries wind round the neck of the humerus. The posterior 
circumflex (fig. 493), the larger of the two, arises from the back part of the axil- 
lary artery opposite the lower border of the Subscapularis muscle, and, passing 
backwards with the circumflex veins and nerve through the quadrangular space 
bounded by the Teres major and minor, the scapular head of the Triceps and 
the humerus, winds round the neck of that bone and is distributed to the Deltoid 
muscle and shoulder-joint, anastomosing with the anterior circumflex, and 
acromial thoracic arteries, and with the superior profunda branch of the brachial 
artery. The anterior circumflex (figs. 493, 495), considerably smaller than the 
preceding, arises nearly opposite that vessel, from the outer side of the axillary 
artery. It passes horizontally outwards, beneath the Coraco-brachialis and 
short head of the Biceps, lying upon the fore part of the neck of the humerus, 
and, on reaching the bicipital groove, gives off an ascending branch which passes 
upwards along the groove to supply the head of the bone and the shoulder-joint. 
The trunk of the vessel is then continued outwards beneath the Deltoid, which it 
supplies, and anastomoses with the posterior circumflex artery. 


BRACHIAL ARTERY (fig. 496) 


The Brachial artery commences at the lower margin of the tendon of the 
Teres major, and, passing down the inner and anterior aspect of the arm, termi- 
nates about half an inch below the bend of the elbow, where it divides into the 
radial and ulnar arteries. At first the brachial artery lies internal to the 
humerus; but as it passes down the arm it gradually gets in front of the bone, 
and at the bend of the elbow it lies midway between the two condyles. ) 

Relations.—This artery is superficial throughout its entire extent, being 
covered, in front, by the integument, the superficial and deep fascia ; the bicipital 
fascia separates it opposite the elbow from the median basilic vein ; the median 
nerve crosses it from without inwards opposite the insertion of the Coraco- 
brachialis. Behind, it is separated from the long head of the Triceps by the 
musculo-spiral nerve and superior profunda artery. It then lies upon the inner 
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head of the Triceps, next upon the insertion of the Coraco-brachialis, and lastly 
on the Brachialis anticus. By its owter side, it is in relation with the commence- 
ment of the median nerve, and the Coraco-brachialis and Biceps muscles, the 
two muscles overlapping the artery to a considerable extent. By its inner side, 
its upper half is in relation with the internal cutaneous and ulnar nerves, its 
lower half with the median nerve. The basilic vein lies on the inner side of the 
artery, but is separated from it in the lower part of the arm by the deep fascia. 
It is accompanied by two venæ comites, which lie in close contact with the 
artery, being connected together at intervals by short transverse communicating 
branches. 


PLAN OF THE RELATIONS OF THE BRACHIAL ARTERY 


In front. 
Integument and fasciæ. 
Bicipital fascia, median basilic vein. 
Median nerve. l 
Overlapped by Coraco-brachialis and Biceps. 


Inner side. 
Outer side. 
; Internal cutaneous and ulnar 
Median nerve (above). Brachial 


* 46 Artery. nerve. 
Coraco-brachialis. Median nerve (below). 


Basilic vein. 





Behind. 


Triceps (long and inner heads). 
Musculo-spiral nerve. 

Superior profunda artery. 
Coraco-brachialis. 

Brachialis anticus. 


ANATOMY OF THE BEND OF THE ELBOW 


At the bend of the elbow the brachial artery sinks deeply into a triangular 
interval, the base of which is directed upwards, and may be represented by a line 
connecting the two condyles of the humerus; the sides are bounded, externally 
by the inner edge of the Brachio-radialis ; internally, by the outer margin of the 
Pronator radii teres ; its floor is formed by the Brachialis anticus and Supinator 
brevis. This space contains the brachial artery, with its accompanying veins; 
the radial and ulnar arteries ; the median and musculo-spiral nerves: and the 
tendon of the Biceps. The brachial artery occupies the middle line of this space 
and divides opposite the neck of the radius into the radial and ulnar arteries: it 
is covered, in front, by the integument, the superficial fascia, and the median 
basilic vein, the vein being separated from direct. contact with the artery by the 
bicipital fascia. Behind, it lies on the Brachialis anticus, which separates it from 
the elbow-joint. The median nerve lies on the inner side of the artery, close to 
it above; but separated from it below by the coronoid origin of the Pronator 
radii soa cn oop i the Biceps lies to the outer side of the space, and the 
musculo-spiral nerve still more externally, situated upon inato ) 
and conceal by the Brachio-radialis. ý pon he EE 


Peculiarities of the Brachial Artery as regards its Cowrse.— i 
accompanied by the median nerve, may ee the inner border of T3 eee aceon 
towards the inner epicondyle of the humerus; about two inches above the epicond le, it 
usually curves round a prominence of bone, the supracondylar process, from a & 
fibrous arch is in most cases thrown over the artery; it then inclines outwards beneath or 
through the substance of the Pronator radii teres muscle, to the bend of the elbow Th 

variation bears considerable analogy with the normal condition of the artery in som í 
the carnivora: it has been referred to in the description of the humerus pal 276) oa 

+ As regazo H Dee ee a p is divided for a short distance at its 

pper part into two s, which are united below. imi iari j 
a to P AA e i tal A similar peculiarity occurs in the 
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The vessels concerned in the high division of the brachial artery are three: viz. radial, 
ulnar, and interosseous. Most frequently the radial is given off high up; the other limb 
of the bifurcation consisting of ulnar and interosseous. In some instances the ulnar 
arises from the brachial above the ordinary level, and the radial and interosseous form 
the other limb of the division; and occasionally the interosseous arises high up, the radial 
and ulnar continuing down together. 

Sometimes, long slender vessels, vasa aberrantia, connect the brachial or axillary 
arteries with one of the arteries of the forearm, or a branch from them, These vessels 
usually join the radial. 

Varieties in Muscular Relations.*—The brachial artery is occasionally concealed, in 
some part of its course, by muscular or tendinous slips derived from the Coraco-brachialis, 
Biceps, Brachialis anticus, and Pro- 
nator radii teres muscles. Fic. 496.—The brachial artery. 

Surface Marking.—The direc- 
tion of the brachial artery is marked 
by a line drawn along the inner 
edge of the Biceps from the inser- 
tion of the Teres major muscle to 
the point midway between the epi- 
condyles of the humerus. 

Surgical Anatomy.—In spite of 
the fact that the brachial artery is 
very superficial and but little pro- 
tected by surrounding tissues, it is 
seldom wounded. This, no doubt, 
is due to its situation on the inner 
side of the arm, which is little ex- 
posed to injury. Compression of 
the brachial artery is required in 
cases of amputation and some other RREN A ii i DRE E SA l 
operations in the arm and forearm ; eS Pd RUN E DE E Ae Musculo-spiral 
and it will be observed that it may EE RAN E AE E E a A. pore 
be effected in almost any part of 
the course of the artery. If pres- 
sure is made in the upper part of 
the limb, it should be directed from 
within outwards; and if in the 
lower part, from before backwards, 
as the artery lies on the inner side 
of the humerus above, and in front. 
of it below. The most favourable 
situation is about the middle of the 
arm, where it lies on the tendon of 
the Coraco-brachialis on the inner 
flat side of the humerus. 

The application of a ligature to 
the brachial artery may be required 
in eases of wound of the vessel, 
and in some cases of wound of the 
palmar arch. It is also sometimes 
necessary in cases of aneurism of 
the brachial, the radial, ulnar, or 
interosseous arteries. The artery 
may be secured in any part of its 
course. The chief guides in deter- 
mining its position are the surface 
markings produced by the inner 
margin of the Coraco-brachialis and 
Biceps, the known course of the 
vessel, and its pulsation, which 
should be carefully felt for before 
any operation is performed, as the a 
vessel occasionally deviates from its usual position in the arm. In whatever situation 
the operation is performed, great care is necessary, on account of the extreme thinness of 
the parts covering the artery, and the intimate connection which the vessel has throughout 
its whole course with important nerves and veins. Sometimes a thin layer of muscular 
fibre is met with concealing the artery; if such is the case, it must be cut across in order 
to expose the vessel. 
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* See Struthers’s Anatomical and Physiological Observations. 
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In the upper third of the arm the artery may be exposed in the following manner 
The Sree Proce! supine upon a table, the affected limb should be raised from the 
side, and the hand supinated. An incision about two inches in length should be made on 
the inner side of the Coraco-brachialis muscle, and the subjacent fascia cautiously divided, 
so as to avoid wounding the internal cutaneous nerve or basilic vein, which sometimes 
runs on the surface of the artery as high as the axilla. The fascia having been divided, it 
should be remembered that the ulnar and internal cutaneous nerves lie on the inner side 
of the artery, the median on the outer side, the latter nerve being occasionally superficial 
to the artery in this situation, and that the venæ comites are also in relation with the 
vessel, one on either side. These being carefully separated, the aneurism needle should 
be passed round the artery from the inner to the outer side. Roos 

If two arteries arc present in the arm, in consequence of a high division, they are 
usually placed side by side; and if they are exposed in an operation, the surgeon should 
endeavour to ascertain, by alternately pressing on each vessel, which of the two commu- 
nicates with the wound or aneurism, when a ligature may be applied accordingly ; or if 
pulsation or hemorrhage ceases only when both vessels are compressed, both vessels may 
be tied, as it may be concluded that the two communicate above the seat of disease, or are 
reunited. 

It should also be remembered that two arterics may be present in the arm in a case 
of high division, and that one of these may be found along the inner intermuscular 
septum, in a line towards the inner epicondyle of the humerus; or in the usual position of 
the brachial, but deeply placed beneath the common trunk; a knowledge of these facts 
will suggest the precautions necessary in every case, and indicate the measures to be 
adopted when anomalies are met with. 

In the middle of the arm the brachial artery may be exposed by making an incision 
along the inner margin of the Biceps muscle. The forearm being bent so as to relax 
the muscle, it should be drawn slightly aside, and the fascia carefully divided, when 
the median nerve will be exposed lying upon the artery (sometimes beneath); this being 
drawn inwards and the muscle outwards, the artery should be separated from its accom- 
panving veins and secured. In this situation the inferior profunda may be mistaken for 
the main trunk, especially if enlarged, from the collateral circulation having become 
established; this may be avoided by directing the incision externally towards the Biceps, 
rather than inwards or backwards towards the Triceps, 

The lower part of the brachial artery is of interest in a surgical point of view, 
on account of the relation which it bears to the veins most commonly opened in vene- 
section. Of these vessels, the median basilic is the largest and most prominent, and, 
consequently, the one usually selected for the operation. It should be remembered that 
this vein runs parallel with the brachial artery, from which it is separated by the bicipital 
fascia, and that care should be taken, in opening the vein, not to carry the incision too 
deep, so as to endanger the artery. 

Collateral Curculation.—After the application of a ligature to the brachial artery in 
the upper third of the arm, the circulation is carried on by branches from the circumflex 
and subscapular arteries, anastomosing with ascending branches from the superior 
profunda. If the brachial is tied below the origin of the profunda arteries, the circulation 
is maintained by the branches of the profunde, anastomosing with the recurrent radial, 
ulnar, and interosseous arteries. Two cases are described by South,** in which the 
brachial artery had been tied some time previously: in one ‘a long portion of the arter 
had been obliterated, and sets of vessels are descendin ither si J 

í r l l g on either side from above the 
obliteration, to be received into others which ascend in a similar manner from below it. 
In the other, the obliteration is less extensive, and a single curved artery about as big as 
a crow-quill passes from the upper to the lower open part of the artery.’ 


The branches of the brachial artery are, the 


Superior profunda. Inferior profunda. 
Nutrient., Anastomotica magna. 
Muscular. 


_ The superior profunda arises from the inner and back part of the brachial, 
just below the lower border of the Teres major, and passes backwards to the 
interval between the outer and inner heads of the Triceps muscle, accompanied 
by the musculo-spiral nerve; it winds round the back of the shaft of the 
humerus in the spiral groove, between the outer head of the Triceps and the 
bone, to the outer side of the humerus, where it reaches the external inter- 
muscular septum and divides into two terminal branches. One of these pierces 


* Chelius’s Surgery, vol. ii. p. 254. See also White’s en avine, referred t 
: 3 e > > o b 
R a of E Wiig e branches after ligature of the brachii in ‘White's Cate re 
urgery. Porta also gives a case (with drawings) of the circulati fter li f 
brachial and radial. (Alterazioni Patologiche delle Arterie.) a © oo 
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the external intermuscular septum, and descends, in company with the musculo- 
spiral nerve, to the space between the Brachialis anticus and Brachio-radialis, 
where it anastomoses with the recurrent branch of the radial artery ; while the 
other, much the larger of the two, descends behind the external intermuscular 
septum to the back of the elbow-joint, where it anastomoses with the posterior 
interosseous recurrent, and across the back of the humerus with the posterior 
ulnar recurrent, the anastomotica magna, and inferior profunda (fig. 499). The 
superior profunda supplies the Triceps muscle and gives off a nutrient artery 
which enters the bone at the upper end of the musculo-spiral groove. Near 
its commencement it sends off a branch which passes upwards between the 
external and long heads of the Triceps muscle to anastomose with the 
posterior circumflex artery; and, while in the groove, a small branch which 
accompanies a branch of the musculo-spiral nerve through the substance of 
the Triceps muscle and ends in the Anconeus below the outer epicondyle of the 
humerus. 

The nutrient artery of the shaft of the humerus arises from the brachial, 
about the middle of the arm. Passing downwards, it enters the nutrient canal 
of that bone, near the insertion of the Coraco-brachialis muscle. 

The inferior profunda, of small size, arises from the brachial, a little below 
the middle of the arm ; piercing the internal intermuscular septum, it descends 
on the surface of the inner head of the Triceps muscle, to the space between the 
inner epicondyle and olecranon, accompanied by the ulnar nerve, and terminates 
by anastomosing with the posterior ulnar recurrent and anastomotica magna. 
It sometimes supplies a branch to the front of the internal epicondyle, which 
anastomoses with the anterior ulnar recurrent. 

The anastomotica magna arises from the brachial, about two inches above 
the elbow-joint. It passes transversely inwards upon the Brachialis anticus, 
and piercing the internal intermuscular septum, winds round the back pari of 
the humerus between the Triceps and the bone, forming an arch above the 
olecranon fossa, by its junction with the posterior articular branch of the 
superior profunda. As this vessel lies on the Brachialis anticus, branches 
ascend to join the inferior profunda; and others descend in front of the inner 
epicondyle, to anastomose with the anterior ulnar recurrent. Behind the internal 
epicondyle a branch is given off which anastomoses with the inferior profunda 
and posterior ulnar recurrent arteries and supplies the Triceps. 

The muscular are three or four large branches, which are distributed to the 
muscles in the course of the artery. They supply the Coraco-brachialis, Biceps, 
and Brachialis anticus muscles. 

The Anastomosis around the Elbow-joint (fig. 499).—The vessels engaged in 
this anastomosis may be conveniently divided into those situated a front of 
and behind the internal and external epicondyles. The branches anastomosing 
in front of the internal epicondyle are: the anastomotica magna, the anterior 
ulnar recurrent, and the anterior branch of the inferior profunda. Those behind 
the internal epicondyle are: the anterior branch of the anastomotica magna, 
the posterior ulnar recurrent, and the posterior terminal branch of the inferior 
profunda. The branches anastomosing in front of the external epicondyle are : 
the radial recurrent and the anterior termina) branch.of the superior profunda. 
Those behind the external epicondyle (perhaps more properly described as being 
situated between the external epicondyle and the olecranon) are: the anasto- 
motica magna, the interosseous recurrent, and the posterior terminal branch of 
the superior profunda. There is also a large arch of anastomosis above the 
olecranon, formed by the interosseous recurrent joining with the anastomotica 
magna and posterior ulnar recurrent (fig. 499). . 

From this description it will be observed that the anastomotica magna is the 
vessel most engaged, the only part of the anastomosis in which it is not employed 
being that in front of the external epicondyle. 


RADIAL ARTERY (fig. 497) 
The Radial Artery appears, from its direction, to be the continuation of the 


brachial, but, in size, it is smaller than the ulnar. It commences at the bifurca- 
tion of the brachial, just below the bend of the elbow, and passes along the 
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radial side of the forearm to the wrist; it then winds backwards, round the outer 


side of the carpus, beneath the extensor t 


Fic. 497.—The radial and ulnar arteries. 
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part of the artery as it winds round the wrist. 
veng comites throughout its whole course. 


endons of the thumb to the upper end 
of the space between the 
metacarpal bones of the 
thumb and index finger, and, 
finally, passes forwards be- 
tween the two heads of the 
First dorsal interosseous 
muscle, into the palm of 
the hand, where it crosses 
the metacarpal bones to the 
ulnar border of the hand, to 
form the deep palmar arch. 
At its termination, if in- 
osculates with the deep 
branch of the ulnar artery. 
The relations of this vessel 
may thus be conveniently 
divided into three parts, 
viz. in the forearm, at the 
back of the wrist, and in the 
hand, 

Relations, — In the fore- 
arm, this vessel extends from 
opposite the neck of the 
radius to the fore part of the 
styloid process, being placed 
to the inner side of the shaft 
of the bone above, and in 
front of it below. It is 
overlapped in the upper part 
of its course by the fleshy 
belly of the Brachio-radialis 
muscle ; throughout the rest 
of its course it is superficial, 
being covered by the integu- 
ment, the superficial and 
deep fasciæ. In its course 
downwards, it lies upon the 
tendon of the Biceps, the 
Supinator brevis, the Pro- 
nator radii teres, the radial 
origin of the Flexor sub- 
limis digitorum, the Flexor 
longus pollicis, the Pronator 
quadratus, and the lower 
extremity of the radius. In 
the upper third of its course, 
it lies between the Brachio- 
radialis and the Pronator 
radii teres; in its lower two- 
thirds, between the tendons 
of the Brachio-radialis and 
the Flexor carpi radialis. 
The radial nerve lies close to 
the outer side of the artery 
in the middle third of its 
course ; and some filaments 
of the musculo - cutaneous 
nerve, after piercing the deep 
fascia, run along the lower 

The vessel is accompanied by 
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PLAN OF THE RELATIONS OF THE RADIAL ARTERY IN THE FOREARM 


In front. 


Skin, superficial and deep fasciæ. 
Brachio-radiali s. 


Inner side. Outer side. 


Pronator radii teres. in Forearm. Brachio-radialis. 
Flexor carpi radialis. Radial nerve (middle third). 


Radial Artery 





Belund. 


Tendon of Biceps. 
Supinator brevis. 
Pronator radii teres. 
Flexor sublimis digitorum. 
Flexor longus pollicis. 
Pronator quadratus. 
Radius. 


At the wrist, as it winds round the outer side of the carpus, from the styloid 
process to the first interosseous space, it lies upon the external lateral ligament, 
and then upon the scaphoid bone and trapezium, being covered by the extensor 
tendons of the thumb, subcutaneous veins, some filaments of the radial nerve, 
and the integument. It is accompanied by two veins, and a filament of the 
musculo-cutaneous nerve. 

In the hand, it passes from the upper end of the first interosseous space, 
between the heads of the Abductor indicis or First dorsal interosseous muscle, 
transversely across the palm, to the base of the metacarpal bone of the little 
finger, where it inosculates with the communicating branch from the ulnar 
artery, forming the deep palmar arch. It lies upon the carpal extremities of the 
metacarpal bones and the Interossei muscles, being covered by the Adductor 
obliquus pollicis, the flexor tendons of the fingers, and the Lumbricales. Along- 
side of it is the deep branch of the ulnar nerve, but running in the opposite 
direction—that is to say, from within outwards. 


Peculiarities.—The origin of the radial artery, according to Quain, is, in nearly one 
case in eight, higher than usual; more often arising from the axillary or upper part 
of the brachial, an from the lower part of this vessel. In the forearm it deviates less 
frequently from its position than the ulnar. It has been found lying over the fascia 
instead of beneath it. It has also been observed on the surface of the Brachio-radialis, 
instead of under its inner border; and in turning round the wrist, it has been seen lying 
over, instead of beneath, the extensor tendons of the thumb. - 

Surface Marking.—The position of the radial artery in the forearm is represented 
by a line drawn from the outer border of the tendon of the Biceps in the centre of the 
hollow in front of the elbow-joint with a straight course to the inner side of the fore part 
of the styloid process of the radius, with the limb in a position of supination. 

Surgical Anatomy.—The radial artery is much exposed to injury in its lower third, 
and is frequently wounded by the hand being driven through a pane of glass, by the 
slipping of a knife or chisel held in the other hand, and such-like accidents. The injury 
is often followed by a traumatic aneurism, for which the old operation of laying open the 
sac and securing the vessel above and below is required. 

The operation of tying the radial artery is required in cases of wounds either of its 
trunk, or of some of its branches, or for aneurism: and it will be observed, that the vessel 
may be exposed in any part of its course through the forearm: without the division of any 
muscular fibres. The operation in the middle or inferior third of the forearm is easily 
performed ; but in the upper third, near the elbow, it is attended with some ditiiculty, 
from the greater depth of the vessel, and from its being overlapped by the Brachio- 
radialis muscle. 

To tie the artery in the upper third, an incision three inches in length should be made 
through the integument, in a line drawn from the centre of the bend of the elbow to the 
front of the styloid process of the radius, avoiding the branches of the median vein; the 
fascia of the arm being divided, and the Brachio-radialis drawn a little outwards, the 
artery will be exposed. The venæ comites should be carefully separated from the vesscl, 
and the ligature passed from the radial to the ulnar side. 
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In the middle third of the forearm the artery may be exposed by making an incision 
of similar length on the inner margin of the Brachio-radialis. In this situation, the 
radial nerve lies in close relation with the outer side of the artery, and should, as well as 
the veins, be carefully avoided. — 

In the lower third, the artery is easily secured by dividing the integument and fascia 
in the interval between the tendons of the Brachio-radialis and Flexor carpi radialis 


rhuscles. 


The branches of the radial a ay may be divided into three groups, corre- 
sponding with the three regions in which the vessel is situated. 


In the forearm. At the wrist. In the hand. 
Radial recurrent. Posterior carpal. Princeps pollicis. 
Muscular. Metacarpal. Radialis indicis. 
Anterior carpal. Dorsales pollicis. Perforating. 
Superficialis vole. Dorsalis indicis. Palmar interosseous, 


Palmar recurrent. 


The radial recurrent is given off immediately below the elbow. It ascends 
between the branches of the musculo-spiral nerve lying on the Supinator brevis, 
and then between the Brachio-radialis and Brachialis anticus, supplying these 
muscles and the elbow-joint, and anastomosing with the anterior terminal branch 
of the superior profunda. 

The muscular branches are distributed to the muscles on the radial side of 
the forearm. 

The anterior carpal is a small vessel which arises from the radial artery near 
the lower border of the Pronator quadratus, and, running inwards in front of the 
carpus, anastomoses with the anterior carpal branch ofthe ulnar artery. In this 
way an arterial anastomosis, anterior carpal arch, is formed in front of the wrist : 
it is joined by branches from the anterior interosseous above, and by recurrent 
branches from the deep palmar arch below, and gives off branches which descend 
to supply the articulations of the wrist and carpus. 

The superficialis vole arises from the radial artery, just where this vessel is 
about to wind round the outer side of the wrist. Running forwards, it passes 
through, occasionally over, the muscles of the thumb, which it supplies, and 
sometimes anastomoses with the palmar portion of the ulnar artery, completing 
the superficial palmar arch. This vessel varies considerably in size: usually it 
is very small, and terminates in the muscles of the thumb; sometimes it is as 
large as the continuation of the radial. 

The posterior carpal is a small vessel which arises from the radial artery 
beneath the extensor tendons of the thumb; crossing the carpus transversely 
towards the inner border of the hand, it anastomoses with the posterior carpal 
branch of the ulnar, forming the posterior carpal arch, which is joined by the 
termination of the anterior interosseous artery. From this arch are given off 
descending branches, the dorsal interosseous arteries for the third and fourth 
interosseous spaces, which run forwards on the Third and Fourth dorsal inter- 
ossei muscles and divide into dorsal digital branches which supply the adjacent 
sides of the middle, ring, and little fingers respectively, communicating with the 
digital arteries of the superficial palmar arch. At their origin they anastomose 
with the perforating branches from the deep palmar arch. 

The metacarpal (first dorsal interosseous ranch) arises beneath the extensor 
tendons of the thumb, sometimes with the posterior carpal artery; running 
forwards on the Second dorsal interosseous muscle, it communicates, behind, 
with the corresponding perforating branch of the deep palmar arch; and, in 
front, it divides into two dorsal digital branches, which supply the adjoining 
sides of the index and middle fingers, inosculating with the digital branch of 
the superficial palmar arch. 7 

ihe dorsales pollicis are two small vessels which run along the sides of the 
dorsal aspect of the thumb. They arise separately, or occasionally by a common 
trunk, near the base of the first metacarpal bone. 

The dorsalis indicis, also a small branch, runs along the radial side of the 
back of the index fin er, sending a few branches to the Abductor indicis. 

The princeps pollicis arises from the radial just as it turns inwards to 
the deep part of the hand; it descends between the Abductor indicis and 
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Adductor obliquus pollicis, along the ulnar side of the metacarpal bone of the 
thumb, to the base of the first phalanx, where it lies beneath the tendon of the 
Flexor longus pollicis and divides into two branches: These make their appear- 
ance between the inner and outer insertions of the Adductor obliquus pollicis 
and run along the sides of the palmar aspect of the thumb, and form an arch 
on the palmar surface of the last 


phalanx, from which branches Fic. 498.— Ulnar and radial arteries. 
are distributed to the integument Deep view. 
and pulp of the thumb. 













The radialis indicis arises 
close to the preceding, descends 
between the Abductor indicis 
and Adductor transyersus pol- 
licis, and runs along the radial 
side of the index finger to its 
extremity, where it anastomoses 
with the collateral digital artery 
from the superficial palmar arch. 
At the lower border of the Ad- 
ductor transversus pollicis, this 
vessel anastomoses with the 
princeps pollicis, and gives a 
communicating branch to the. posterior 

i osterior Shoe 
superficial palmar arch. interosseous WAN 

The perforating arteries, Wel 
three in number, pass back- 
wards from the deep palmar 
arch, through the second, third, 
and fourth interosseous spaces 
and between the heads of the cor- 
responding. Interossei muscles, 
to inosculate with the dorsal 
interosseous arteries. 

The palmar interosseous, 
three or four in number, arise 
from the convexity of the deep 
palmar arch; they run down- 
wards upon the  Interossei 
muscles, and anastomose at the U PAR 2i 
clefts of the fingers with the Mi US ike 
digital branches of the super- — Anterior carpal NAE AAAA m 
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The palmar recurrent 
branches arise from the con- 
cavity of the deep palmar arch. 
They pass upwards in front of 
the wrist, supplying the carpal 
articulations and anastomosing 
with the anterior carpal arch. 
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ULNAR Artery (fig. 498) 


The Ulnar Artery, the larger 
of the two terminal branches of 
the brachial, commences a little 


below the bend of the elbow, | 
and, passing obliquely downwards and inwards, reaches the inner side of the 


forearm at a point about midway between the elbow and the wrist; 1 then 
runs along its ulnar border to the wrist, crosses the annular ligament on the 
radial side of the pisiform bone, and immediately beyond this bone divides into 
two branches, which enter into the formation of the superficial and deep palmar 


arches. 
Relations in the Forearm.—In its upper half, it is deeply seated, being 
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e all the superficial Flexor muscles, excepting the Flexor carpi ulnaris ; 
R A nerve is pe relation with the inner side of the artery for about an 
inch and then crosses the vessel, being separated from it by the deep head o 
the Pronator radii teres; it lies upon the Brachialis anticus and Flexor pro- 
fundus digitorum muscles. In the lower half of the forearm, it lies upon the 
Flexor profundus, being covered by the integument, the su erficial and deep 
fascias, and is placed between the Flexor carpi ulnaris and Flexor sublimis 
digitorum muscles. It is accompanied by two ven comites, and is overlapped 
in its middle third by the Flexor carpi ulnaris; the ulnar nerve lies on its inner 
side for the lower two-thirds of its extent, and a small branch from the nerve 
descends on the lower part of the vessel to the palm of the hand. 


PLAN oF THE RELATIONS OF THE ULNAR ARTERY IN THE FOREARM 


In front. 


Superficial layer of Flexor muscles. half. 
Median nerve. l } Upper ha 
Superficial and deep fasciæ. Lower half. 


Inner side. 


Flexor carpi ulnaris. | 
Ulnar nerve (lower two-thirds). 


Outer side. 
in Forearm, Flexor sublimis digitorum. 


Ulnar Artery 





Behind. 


Brachialis anticus. 
Flexor profundus digitorum. 


At the wrist (fig. 497) the ulnar artery is covered by the integument and 
fascia, and lies upon the anterior annular hgament. On its inner side is the 
pisiform bone. The ulnar nerve lies at the inner side, and somewhat behind the 
artery ; here the nerve and artery are crossed by a band of fibres, which extends 
from the pisiform bone to the anterior annular ligament. 


Peculiarities.—The ulnar artery has been found to vary in its origin nearly in the 
proportion of one in thirteen cases, in one case arising lower than usual, about two or 
three inches below the elbow, and in all other cases much higher, the brachial being 
more often the source of origin than the axillary. 

Variations in the position of this vessel are more common than in the radial. When 
its origin is normal, the course of the vessel is rarely changed. When it arises high up, 
it is almost invariably superficial to the Flexor muscles in the forearm, lying commonly 
beneath the fascia, more rarely between the fascia and integument. In a few cases, its 
positi was subcutaneous in the upper part of the forearm, and subaponeurotic in the 
ower part. 

Surface Markimg.—On account of the curved direction of the ulnar artery, the line 
on the surface of the body which indicates its course is somewhat complicated. First, 
draw a line from the front of the internal epicondyle of the humerus to the radial side of 
the pisiform bone; the lower two-thirds of this line represent the course of the middle 
and lower thirds of the ulnar artery. Secondly,draw a line from the centre of the hollow 
in front of the elbow-joint to the junction of the upper and middle thirds of the first line : 
this represents the course of the upper third of the artery. 

Surgical Anatomy.—The application of a ligature to this vessel is required in cases 
of wound of the artery, or of its branches, or in consequence of aneurism. In the upper 
half of the forearm, the artery is deeply seated beneath the superficial Flexor muscles, and 
the application of a ligature in this situation is attended with some difficulty. An incision 
is to be made in the course of a line drawn from the front of the internal epicondyle of the 
humerus to the outer side of the pisiform bone, so that the centre of the incision is three 
fingers’ breadth below the internal epicondyle, The skin and superficial fascia having 
been divided, and the deep fascia exposed, the white line which separates the Flexor 
carpi ulnaris from the other Flexor muscles is to be sought for, and the fascia incised in 
this line. The Flexor carpi ulnaris is now to be carefully separated from the other 
muscles, when the ulnar nerve will be exposed and must be drawn aside. Some little 
distanee below the nerve, the artery will be found accompanied by its venæ comites, and 
may be ligatured by passing the needle from within outwards. In the middle and 
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lower third of the forearm, this vessel may be easily secured by making an incision on 
the radial side of the tendon of the Flexor carpi ulnaris: the deep fascia being divided, 
and the Flexor carpi ulnaris and its companion muscle, the Flexor sublimis, being 
separated from each other, the vessel will be exposed, accompanied by its vene comites, 
the ulnar nerve lying on its inner side. The veins being separated from the artery, the 
ligature should be passed from the ulnar to the radial side, taking cave to avoid the ulnar 
nerve, 


The branches of the ulnar artery may be arranged in the following groups: 


Anterior ulnar recurrent. 
In the f Posterior ulnar recurrent. 
n the forearm ae interosseous. 
Interosseous Posterior interosseous. 
Muscular. 
., {Anterior carpal. 
At the wrist | Poatoriox carpal. 
Deep palmar or communicating. 
Ap dhe draagt { SupocReial palmar arch. 


The anterior ulnar recurrent (fig. 498) arises immediately below the elbow- 
joint, passes upwards and inwards between the Brachialis anticus and Pronator 
radii teres, supplies twigs to those muscles, and, in front of the inner epicondyle, 
anastomoses with the anastomotica magna and inferior profunda. 

The posterior ulnar recurrent is much larger, and arises somewhat lower 
than the preceding. It passes backwards and inwards, beneath the Flexor 
sublimis, and ascends behind the inner epicondyle of the humerus. In the 
interval between this process and the olecranon, it lies beneath the Flexor 
carpi ulnaris, and ascending between the heads of that muscle, in relation with 
the ulnar nerve, it supplies the neighbouring muscles and ‘the elbow-joint, and 
anastomoses with the inferior profunda, anastomotica magna, and interosseous 
recurrent arteries (fig. 499). 

The interosseous artery (fig. 498) is a short trunk about half an inch in 
length, and of considerable size, which arises immediately below the tuberosity 
of the radius, and, passing backwards to the upper border of the interosseous 
membrane, divides into two branches, the anterior and posterior wterosseous. 

The anterior interosseous passes down the forearm on the anterior surface of 
the interosseous membrane, to which it is connected by a thin aponeurotic arch. 
It is accompanied by the interosseous branch of the median nerve, and over- 
lapped by the contiguous margins of the Flexor profundus digitorum and Flexor 
longus pollicis muscles, giving off in this situation muscular branches, and the 
nutrient arteries of the radius and ulna. At the upper border of the Pronator 
quadratus, a branch descends beneath the muscle, to anastomose in front of the 
carpus with the anterior carpal arch. The continuation of the artery passes 
behind the Pronator quadratus, and, piercing the interosseous- membrane, 
reaches the back of the forearm, and anastomoses with the posterior interosseous 
artery (fig. 499). It then descends, in company with the terminal portion of the 
posterior interosseous nerve, to the back of the wrist to join the posterior carpal 
arch. The anterior interosseous gives off a long, slender branch, the median 
artery (comes nervi mediani), which accompanies the median nerve, and gives 
offsets to its substance. This artery is sometimes much enlarged, and runs 
with the nerve into the palm of the hand. 

The posterior interosseous artery passes backwards through the interval 
between the oblique ligament and the upper border of the interosseous membrane. 
It appears between the contiguous borders of the Supinator brevis and the 
Extensor ossis metacarpi pollicis, and runs down the back of the forearm, 
between the superficial and deep layer of muscles, to both of which it distributes 
branches. Where it lies upon the Extensor ossis metacarpi pollicis and the 
Extensor brevis pollicis, it is accompanied by the posterior interosseous nerve. 
At the lower part of the forearm it anastomoses with the termination of the 
anterior interosseous artery, and with the posterior carpal arch. This artery 
gives off, near its origin, the interosseous recurrent branch. 

The interosseous recurrent artery is a large vessel which ascends to the 
interval between the external epicondyle and olecranon, on or through the 
fibres of the Supinator brevis, but beneath the Anconeus, anastomosing with the 
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posterior branch of the superior profunda, and with the posterior ulnar recurrent 


and anastomotica magna. 
The muscular branches are distributed to the muscles along the ulnar side of 


the forearm. 
Fic. 499.—Arteries of the back of the forearm and hand. 


d, Descending branch from superior 
profunda 








Anastomotica magna 


TAN 
AN 


Posterior lunar recurrent 


ROR ee 
SAAN Da LS : >S 


<< 


i 
ia -pY 


; X Aii J i} i 
y D Mirai TY ) ? 
Posterior carpal (ulnar) LA ots Nest 


ry - Posterior carpal (radial) 


Radial 


t Dorsalis pollicis 
, - Dorsatis indicis 


A 
YA 
O OS 


The anterior carpal is a small v i 
essel which crosses th 
pai beneath the tendons of the Flexor profundus, and mb i He 
The penne branch a the radial artery. 
rior Carpal arises immediately above the pisifo i 
backwards beneath the tendon of the Flexor carpi dinis j ‘ib dies = 


ULNAR ARTERY 669 


dorsal surface of the carpus beneath the extensor tendons, anastomosing with 
a corresponding branch of the radial artery, and forming the posterior carpal 
arch. Immediately after its origin, it gives off a small branch, which runs 
along the ulnar side of the fifth metacarpal bone, and supplies the ulnar side of 
the dorsal surface of the little finger. 

The branch to the deep palmar arch (deep or communicating branch) (fig. 498) 
passes between the Abductor minimi digiti and Flexor brevis minimi digiti, 
near their origins; it anastomoses with the termination of the radial artery, 
completing the deep palmar arch. 

The continuation of the trunk of the ulnar artery in the hand forms the 
greater part of the superficial palmar arch. 


THe SUPERFICIAL PALMAR ARCH (fig. 497) 


The Superficial Palmar Arch is formed by the ulnar artery in the hand, and 
is completed on the outer side by this vessel anastomosing with a branch from 
the radialis indicis, though sometimes the arch is completed by the ulnar 
anastomosing with the superficialis vole or princeps pollicis of the radial artery. 
The arch passes across the palm, describing a curve, with its convexity down- 
wards, to the space between the ball of the thumb and the index finger, where 
the above-mentioned anastomosis takes place. 

Relations.—The superficial palmar arch is covered by the skin, the Palmaris 
brevis, and the palmar fascia. It lies upon the annular ligament, the Flexor 
brevis and Opponens of the little finger, the tendons of the superficial flexor of 
the fingers, the lumbrical muscles, and the divisions of the median and ulnar 
nerves. 


PLAN OF THE RELATIONS OF THE SUPERFICIAL PALMAR ARCH 


In front. 


Skin. 
Palmaris brevis. 
Palmar fascia. 












Superficial 
Palmar Arch, 


| 


Behind. 


Annular ligament. 

Flexor brevis and Opponens of little finger. 
Superficial flexor tendons. 

Divisions of median and ulnar nerves. 
Lumbrical muscles. 


The superficial palmar arch gives off four digital branches. 

The digital branches (fig. 497) are given off from the convexity of the 
superficial palmar arch. They supply the ulnar side of the little finger, and 
the adjoining sides of the little, ring, middle, and index fingers; the radial side 
of the index finger and thumb being supplied from the radial artery. The digital 
arteries at first lie superficial to the flexor tendons, but as they pass forwards 
with the digital nerves to the clefts between the fingers, they lie between them, 
and are there joined by the interosseous branches from the deep palmar arch, 
The digital arteries on the sides of the fingers lie beneath the digital nerves ; 
and, about the middle of the last phalanx, the two branches for each finger 
form an arch, from the convexity of which branches pass to supply the pulp of 
the finger. 


Surface Marking.—The superficial palmar arch is represented by a curved line, 
starting from the outer side of the pisiform bone, and carried downwards as far as the 
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middle third of the palm, and then curved outwards on a level with the upper end of the 
cleft between the thumb and index finger. l 

The deep palmar arch is situated about half an inch nearer to the carpus. 

Surgical Anatonyy.—Wounds of the palmar arches are of special interest, and are 
always difficult to deal with. When the superficial arch is wounded it is generally 
possible, by enlarging the wound if necessary, to secure the vessel and tie it; or in cases 
where it is found impossible to encircle the vessel with a ligature, a pair of Wells's artery 
clips may be applied and left on for twenty-four or forty-eight hours. Wounds of the 
deep arch are not so easily dealt with. It may be possible to secure the vessel by 
foreipressure forceps, which may be left on; or, failing this, the wound may be plugged 
with gauze and an outside dressing carefully bandaged on. The plug should be allowed 
to remain untouched for three or four days. In wounds of the deep palmar arch, 
a ligature may be applied to the bleeding points, from the dorsum of the hand, by 
resection of the upper part of the third metacarpal bone. It is useless in these cases to 
ligature one of the arteries of the forearm alone, and indeed simultaneous ligature of both 
radial and ulnar arteries above the wrist is often unsuccessful, on account of the 
anastomosis carried on by the carpal arches. Therefore, upon the failure of pressure 
to arrest hemorrhage, it is expedient to apply a ligature to the brachial artery. 


ARTERIES OF THE TRUNK 


THE DESCENDING AORTA 


The Descending Aorta is divided into two portions, the thoracic and 
abdominal, in correspondence with the two great cavities of the trunk in which 
it is situated. 


THe THORACIC AORTA 


The Thoracic Aorta commences at the lower border of the fourth dorsal 
vertebra, on the left side, and terminates at the aortic opening in the Diaphragm, 
in front of the lower border of the last dorsal vertebra. At its commencement, 
it is situated on the left side of the spine; it approaches the median line as it 
descends; and, at its termination, lies directly in front of the column. The 
direction of this vessel being influenced by the spine, upon which it rests, it 
describes a curve which is concave forwards in the dorsal region. As the 
branches given off from it are small, the diminution in the size of the vessel is 
inconsiderable. It is contained in the back part of the posterior mediastinum. 

Relations.—It is in relation, in front, from above downwards, with the root 
of the left lung, the pericardium, the cesophagus, and the Diaphragm ; behind, 
with the vertebral column, and the azygos minor veins; on the right side, with 
the vena azygos major, and thoracic duct; on the left side, with the left pleura 
and lung. The oesophagus, with its accompanying nerves, lies on the right side 
of the aorta above; but at the lower part of the thorax it gets in front of the 
aorta, and close to the Diaphragm is situated to its left side. 


PLAN OF THE RELATIONS oF THE THORACIC AORTA 


In front. 
Root of left lung. 
Pericardiun. 
Cisophagus. 
Diaphragm. 






Right side. 


Esophagus (above). Thoracic 
Vena azygos major. Aorta. 
Thoracic duct. 


Left side. 
Pleura. 
Left lung. 
Œsophagus (below). 


Behind. 


Vertebral column. 
Superior and inferior azygos minor veins. 
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The aorta is occasionally found to be obliterated at a particular spot, viz. at the 
junction of the arch with the thoracic aorta, just below the ductus arteriosus. Whether 
this is the result of disease, or of congenital malformation, is immaterial to our present 
purpose; it affords an interesting opportunity of observing the resources of the collateral 
circulation. The course of the anastomosing vessels, by which the blood is brought from 
the upper to the lower part of the artery, will be found weil described in an account of 
two cases in the ‘Pathological Transactions,’ vols. viii. and x. In the former (p. 162), 
Sydney Jones thus sums up the detailed description of the anastomosing vessels: ‘The 
principal communications by which the circulation was carried on, were—-Firstly, the 
internal mammary, anastomosing with the intercostal arteries, with the phrenic of the 
abdominal aorta by means of the musculo-phrenic and comes nervi phrenici, and largely 
with the deep epigastric. Secondly, the superior intercostal, anastomosing antericrly 
by means of a large branch with the first aortic intercostal, and posteriorly with the 
posterior branch of the same artery. Thirdly, the inferior thyroid, by means of a branch 
about the size of an ordinary radial, forming a communication with the first aortic 
intercostal, Fourthly, the transversalis colli, by means of very large communications 
with the posterior branches of the intercostals. Fifthly, the branches (of the subclavian 
and axillary) going to the side of the chest were large, and anastomosed freely with tlic 
lateral branches of the intercostals.’ In the second case also (vol. x. p. 97), Wood 
describes the anastomoses in a somewhat similar manner, adding the remark, that ‘ the 
blood which was brought into the aorta through the anastomoses of the intercostal 
arteries appeared to be expended principally in supplying the abdomen and pelvis; while 
the supply to the lower extremities had passed through the internal mammary and 
epigastrics.’ 

Surgical Anatomy.—The student should now consider the effects likely to be produced 
by aneurism of the thoracic aorta, a disease of common occurrence. When we remember 
the great depth of the vessel from the surface, and the number of important structures 
which surround it on every side, it may easily be conceived what a variety of obscure 
symptoms are likely to arise from disease of this part of the arterial system, and how 
they may be mistaken for those of other affections. Aneurism of the thoracic aorta 
most usually extends backwards, along the left side of the spine, producing absorption of 
the bodies of the vertebre, with curvature of the spine; while the irritation or pressure 
on the cord will give rise to pain, either in the chest, back, or loins, with radiating pain 
in the left upper intercostal spaces, from pressure on the intercostal nerves; at the same 
time the tumour may project backwards on each side of the spine, beneath the integu- 
ment, as a pulsating swelling, simulating abscess connected with diseased bone; or it 
may displace the cesophagus, and compress the lung on one or the other side. If the 
tumour extend forward, it may press upon and displace the heart, giving rise to palpitation 
and other symptoms of disease .of that organ; or it may displace, or even compress, the 
cesophagus, causing pain and difficulty of swallowing, as in stricture of that tube; and 
ultimately even open into it by ulceration, producing fatal hemorrhage. If the disease 
extends to the right side, it may press upon the thoracic duct; or it may burst into the 
pleural cavity, or into the trachea or lung; and lastly, it may open into the posterior 
mediastinum. Oflate years, the diagnosis of thoracic aneurism has been much facilitated 
by the employment of the a-rays, by means of which the outline of the sac may be 
demonstrated. 


BRANCHES OF THE THoRACIC AORTA 


Pericardiac. Csophageal. 
Bronchial. Posterior mediastinal. 
Intercostal. 


The pericardiac are a few small vessels, irregular in their origin, distributed 
to the pericardium. 

The bronchial arteries are the nutrient vessels of the lungs, and vary in 
number, size, and origin. That of the right side arises from the first aortic 
intercostal, or by a common trunk with the left bronchial, from the front of the 
thoracic aorta. Those of the left side, usually two in number, arise from the 
thoracic aorta, one a little lower than the other. Each vessel is directed to the 
back part of the corresponding bronchus along which it runs, dividing and sub- 
dividing along the bronchial tubes, supplying them, the cellular tissue of the 
lungs, the bronchial glands, and the cesophagus. 

The oesophageal arteries, usually four or five in number, arise from the front 
of the aorta, and pass obliquely downwards to the cesophagus, forming a chain 
of anastomoses along that tube, anastomosing with the oesophageal branches of 
the inferior thyroid arteries above, and with ascending branches from the phrenic 
and gastric arteries below. 
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The posterior mediastinal arteries are numerous small vessels which supply 
the glands and loose areolar tissue in the mediastinum. 

The intercostal arteries arise from the back of the aorta. They are generally 
nine in number on each side, the two superior intercostal spaces being supplied 
by the superior intercostal, a branch of the subclavian. The second space usually 
receives a considerable branch from the first aortic intercostal, which joins with 
the branch from the superior intercostal of the subclavian. The branch which 
runs along the lower border of the last rib is named the subcostal artery. The 
right intercostals are longer than the left, on account of the position of the aorta 
on the left side of the spine: they pass outwards, across the bodies of the vertebrae, 
to the intercostal spaces, being covered by the pleura, the cesophagus, thoracic 
duct, sympathetic nerve, and the vena azygos major; the left passing outwards 
are crossed by the sympathetic; the upper two are also crossed by the superior 
intercostal vein, the lower by the azygos minor veins. In each intercostal space 
the artery passes outwards, at first lying upon the External intercostal muscle, 
covered in front by the pleura and a thin fascia. It then passes between the two 
layers of Intercostal muscles, and having ascended obliquely to the lower border 
of the rib above it is continued forwards in the groove on its lower border 
and anastomoses with the anterior intercostal branches of the internal mammary. 
The first aortic intercostal anastomoses with the superior intercostal, and the last 
three pass between the abdominal muscles, inosculating with the epigastric in 
front, and with the phrenic and lumbar arteries. Each intercostal artery is 
accompanied by a vein and nerve, the former being above, and the latter below, 
except in the upper intercostal spaces, where the nerve is at first above the artery. 
The arteries are protected from pressure during the action of the Intercostal 
muscles by fibrous arches thrown across, and attached by each extremity to the 
bone. The lower intercostal arteries are continued anteriorly from the intercostal 
spaces into the abdominal wall, except the subcostal, which lies throughout its 
whole course in the abdominal wall, since it is placed below the last rib. They 
pass behind the costal cartilages between the Internal oblique and Transversalis 
muscle to the sheath of the Rectus, where they anastomose with the internal 
mammary and the deep epigastric arteries. Behind, the subcostal artery ana- 
stomoses with the first lumbar artery. 

Each intercostal artery gives off the following branches : 


Posterior or dorsal branch. Spinal. 
Collateral intercostal. 


The posterior or dorsal branch of each intercostal artery passes backwards to 
the inner side of the anterior costo-transverse ligament, and divides into an 
external and internal branch, which are distributed to the muscles and integu- 
ment of the back. m 

The spinal branch, which enters the spinal canal through the intervertebral 
foramen, is distributed to the spinal cord and its membranes, and to the bodies of 
the vertsbræ in the same manner as the lateral spinal branches from the vertebral. 

The collateral intercostal branch comes off from the intercostal artery near the 
angle of the rib, and descends to the upper border of the rib below, along which 
it courses to anastomose with the anterior intercostal branch of the internal 
mammary. 

Mammary branches are given off by the intercostal arteries in the third, 


fourth, and fifth spaces. They supply the mammary gland, and increase consider- 
ably in size during the period of lactation. 


_ Surgical Anatomy.—The position of the intercostal vessel rne in mi 
in performing the operation of paracentesis thoracis, The aiai naa è E 
nearer the middle line posteriorly than the angle of the rib, as the artery crosses the space 
internal to this point. In the lateral portion of the chest, where the puncture is Ai 
made, the artery lies at the upper part of the intercostal space, and therefore the i 


ee be made just above the upper border of the rib forming the lower boundary of the 


THE ABDOMINAL Aorta (fig. 500) 


The Abdominal Aorta commences at the aortic 


front of the lower border of the body of the last pe of the; Dispign ig 


rsal vertebra, and, descending 
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a little to the left side of the vertebral column, terminates on the body of the 
fourth lumbar vertebra, commonly a little to the left of the middle line,* where 
it divides into the two common ‘lino arteries. It diminishes rapidly in size, in 
consequence of the many large branches which it gives off. As it lies upon the 
bodies of the vertebra, the curve which it describes is convex forwards, the 
greatest convexity corresponding to the third lumbar vertebra. 

Relations.—The abdominal aorta is covered, in front, by the lesser omentum 
and stomach, behind which are the branches of the coeliac axis, and the solar 


Fre. 500.—The abdominal aorta and its branches. 
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plexus: below these, by the splenic vein, the pancreas, the left renal vein, the 
transverse portion of the duodenum, the mesentery, and aortic plexus. Behind, 
it is separated from the lumbar vertebrae and intervening dises by the anterior 


* Lord Lister, having accurately examined 30 bodies in order to ascertain the exact 

oint of termination of this vessel, found it ‘either absolutely, or almost absolutely, mesial 

in 15, while in 13 it deviated more or less to the left, and in 2 was slightly to the right.’— 
System of Surgery, edited by T. Holmes, 2nd ed. vol. v. p. 652. a 
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common ligament and left lumbar veins. On the right side it is in relation with 
the inferior vena cava (the right crus of the Diaphragm being interposed above), 
the vena azygos major, thoracic duct, and right semilunar ganglion ; on the left 
side, with the sympathetic nerve, the left semilunar ganglion, and the fourth or 
ascending portion of the duodenum. 


PLAN OF THE RELATIONS OF THE ABDOMINAL AORTA 


In front. 


Lesser omentum and stomach. 

Branches of the celiac axis and solar plexus. 
Splenic véin. 

Pancreas. 

Left renal vein. 

Transverse duodenum. 

Mesentery. 

Aortic plexus. 


Right side. 
Right crus of Diaphragm. Left side. 
Inferior vena cava. Abdominal Sympathetic nerve. 


Aorta. 


Left semilunar ganglion. 


Vena azygos major. 
Ascending duodenum. 


Thoracic duct. 
Right semilunar ganglion. 





Behind. 


Left lumbar veins. 
Vertebral column. 


Surface Marking.—-In order to map out the abdominal aorta on the surface of the 
abdomen, a line must be drawn from the middle line of the body, on a level with the 
distal extremity of the seventh costal cartilages, downwards and slightly to the left, so that 
it just skirts the umbilicus, to a zone drawn round the body opposite the highest point of 
the crest of the illum. This point is generally half an inch below and to the left of the 
umbilicus, but as the position of this structure varies with the obesity of the individual, 
it is not a reliable landmark as to the situation of the bifurcation of the aorta. 

Surgical Anatomy.—-The abdominal aorta may be the seat of an aneurism either at 
its upper part, close to and often involving the cceliac axis, or at its lower part, near the 
bifurcation. Occasionally aneurisms are met with on some of the branches of the aorta, 
the mesenteric or splenic, quite independent of the main trunk. Aneurisms of the 
abdominal aorta near the celiac axis communicate in nearly equal proportion with the 
anterior and posterior parts of the artery. 

When an aneurismal sac is connected with the back part of the abdominal aorta, it 
usually produces absorption of the bodies of the vertebre, and forms a pulsating tumour 
that presents itself in the left hypochondriac or epigastric regions, and is accompanied by 
symptoms of disturbance in the alimentary canal. Pain is invariably present, and is 
usually of two kinds—-a fixed and constant pain in the back, caused by the tumour pressing 
on or displacing the branches of the solar plexus and splanchnic nerves; and a sharp 
lancinating pain, radiating along those branches of the lumbar nerves which are pressed 
on by the tumour; hence the pain in the loins, the testes, the hypogastrium, and in the 
lower limb (generally of the left side). This form of aneurism usually bursts into the 
peritoneal cavity, or behind the peritoneum, in the left hypochondriac region ; or it may 
form a large aneurismal sac, extending down as low as Poupart’s ligament ; hsemorrhage 
in these cases being generally very extensive, but slowly produced, and not rapidly fata] 
_ When an aneurismal sac is connected with the front of the aorta near the celinc axis, 
it forms a pulsating tumour in the left hypochondriac or epigastric regions usually 
attended with symptoms of disturbance of the alimentary canal, as sickness dyspepsia 
or constipation, and accompanied by pain, which is constant, but nearly always fixed, in 
the loins, epigastrium, or some part of the abdomen ; the radiating pain being rare i as 
the lumbar nerves are seldom implicated. This form of aneurism may butte into the 
peritoneal cavity, or behind the peritoneum, between the layers of the mesentery, or, more 
rarely, into the duodenum ; it rarely extends backwards so as to affect the s oot 

The abdorninal aorta has been tied several times, and although none of the atients 
permanently recovered, still, as Keen’s case lived forty-eight days, the possibilit of 
the re-establishment of the circulation may be considered to be proved In the Vater 
animals this artery has been often successfully tied. The vessel may be reached in 
several ways. In the original operation, performed by Sir A. Cooper, an incision was 
made in the linea alba, the peritoneum opened in front, the finger carried down among 
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the intestines, towards the spine, the peritoneum agai j j 
through the mesentery, and i vessel: ‘Ger reached. Felice: Gos 
below, for securing the common iliac artery, may, by extending the dissection a affflcient 
distance upwards, be made use of to expose the aorta. The chief difficulty in the dead 
subject consists in isolating the artery, in consequence of its great depth ; but in the 
living subject, the embarrassment resulting from the proximity of the aneurismal tumour 
and the great probability of disease in the vessel itself, add to the dangers and difficulties 
A oa E a operation so greatly, that it is very doubtful whether it ought ever to 
Collateral Circulation.—The collateral circulation would be carried on by the 
anastomosis between the internal mammary and the deep epigastric; by the free 
communication between the superior and inferior mesenterics, if the ligature were 
placed above the latter vessel; or by the anastomosis between the inferior mesenteric 
and the fe ae Al T (as is mere a the point of ligature is below the 
origin of the inferior mesenteric; and possibly by the an | 
arteries with the branches of the internal iliac. ia MOGENS! Na 
The abdominal aorta may be compressed by digital or instrumental pressure.. In 
emaciated patients the circulation may be controlled by the pressure of the fingers; but 
in any patient, the following plan, which has been strongly advocated by Macewen, will 
be found effectual. An assistant stands on the left side of the patient, on a high stool, so 
that his knee-joint is about on a level with the operating-table, and with his right side 
against the table. He then places the closed fist of his. right hand on the patient’s 
abdomen, so that the knuckle of the index finger is just above and to the left of the 
umbilicus, and, standing on his left foot, with the right leg crossing in front of the left 
he leans by means of the closed fist on the patient’s abdomen, and can exert sufficient 
pressure to entirely arrest the flow of blood through the aorta, without any great amount 
of fatigue, for any length of time that may be required. Instrumental pressure is carried 
out by means of a tourniquet invented by Lord Lister. It is reliablo, but involves a 
e bruising the intestine or mesentery, and sometimes interferes with the 
respiration. 


BRANCHES OF THE ABDOMINAL AORTA 


Inferior phrenic. Renal. 
Gastric. Spermatic in male. 
Coeliac axis | Hepatic. Ovarian in female. 
Splenic, Inferior mesenteric. 
Superior mesenteric. Lumbar. 
Suprarenal. Sacra media. 


Common iliac. 


The branches may be divided into two sets: 1. Those supplying the viscera. 
2. Those distributed to the walis of the abdomen. 


Visceral Branches. Parietal Branches. 
Gastric Inferior phrenic. 
Coeliac axis Hepatic. Lumbar. 
| Splenic. Sacra media. 
Superior mesenteric. Common iliac. 
Inferior mesenteric. 
Suprarenal. 
Renal. 


Spermatic or Ovarian. 


Of the visceral branches, the cceliac axis, the superior and inferior mesenteric 
are single, while the suprarenal, renal, and spermatic or ovarian are paired. The 
inferior phrenic, lumbar, and common iliac are paired parietal branches; the 
middle sacral unpaired. 


Catiac Axis (fig. 501) 


To expose this artery, raise the liver, draw down the stomach, and then tear through 
the layers of the lesser omentum and ascending layer of the transverse mesocolon. 


The Celiac axis is a short thick trunk, about half an inch in length, which 
arises from the aorta, close to the margin of the opening in the Diaphragm, and 
passing nearly horizontally forwards, divides into three large branches, the 
gastric, hepatic, and splenic, occasionally giving off one of the phrenic arteries. 

Xiaxue 
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Relations.—The cceliac axis is covered by the lesser omentum. On the right 
side, it is in relation with the right semilunar ganglion, and the lobus Spigelii ; on 
the left side, with the left semilunar ganglion and cardiac end of the stomach. 
Below, it is in relation to the upper border of the pancreas, and the splenic vein. 

The Gastric or Coronary artery, the smallest of the three branches of the 
celiac axis, passes upwards and to the left, behind the lesser sac of the peri- 
toneum, to the cardiac orifice of the stomach, distributing branches to the 
cesophagus, which anastomose with the aortic cesophageal arteries; others 
supply the cardiac end of the stomach, inosculating with branches of the splenic 
artery : it then passes from left to right, along the lesser curvature'of the stomach 


Fic. 501.—The celiac axis and its branches, the liver having been raised, and the 
lesser omentum and ascending layer of the transverse mesocolon removed. 
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to the pylorus, lying in its course between the layers of the lesser omentum, and 
giving branches to both surfaces of the organ: at i et 
up as a E branch of the hepatic. i at its termination it anastomoses 
e epatic artery, in the adult, is intermediate in size ; 
and splenic; in the fœtus, it is the largest of the three wde of be Sage 
axis. It is first directed forwards and to the right, to the upper margin of the 
pyloric end of the stomach, forming the lower boundary of the foramen of 
Winslow. It then passes upwards between the layers of the lesser omentum 
and in front of the foramen of Winslow, to the transverse fissure of the liver. 
where it divides into two branches, right and left, which supply the corresponding 
lobes of that organ, accompanying the ramifications of the vena porte: and 
hepatic ducts. The hepatic artery, in its course along the right border of the 
lesser omentum, is in relation with the common bile-duct and ortal vein. th 
duct lying to the right of the artery, and the vein behind. oe 
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Its branches are, the 
Pyloric. 


Gastro-epiploica dextra. 
Gastro-duodenal C pancreatico-duodenal. 
Cystic. 


The pyloric branch arises from the hepatic, above the pylorus, descends to 
the pyloric end of the stomach, and passes from right to left along its lesser 
curvature, supplying it with branches, and inosculating with the gastric branches 
of the coronary artery. 

The gastro-duodenal (fig. 502) is a short but large branch, which descends, 
near the pylorus, behind the first portion of the duodenum, and divides at the 


Fig. 502.—The coeliac axis and its branches, the stomach having been raised and 
the transverse mesocolon removed. 


pranches to Great Omen tym, 





lower border of this viscus into two branches, the gastro-epiploica dextra and 
the pancreatico-duodenalis superior. Previous to its division, it gives off two 
or three small inferior pyloric branches to the pyloric end of the stomach and 
pancreas. 

The gastro-epiploica dextra runs from right to left along the greater curvature 
of the stomach, between the layers of the great omentum, anastomosing about 
the middle of the lower border of the stomach with the gastro-epiploica sinistra 
from the splenic artery. This vessel gives off numerous branches, some of which 
ascend to supply both surfaces of the stomach, while others descend to supply 
the great omentum. . : 

The pancreatico-duodenalis superior descends between the contiguous margins 
of the duodenum and pancreas. It supplies both these organs, and anastomoses 
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with the inferior panaiiuion eleRe! anon of the superior mesenteric artery, 
ancreatic branches of the splenic. 
ee artery (fig. 501), Ph sit branch of the right hepatic, passes 
downwards and forwards along the neck of the gall-bladder, and divides into 
two branches, one of which ramifies on its free surface, the other between it and 
ance of the liver. 

— The Splenic artery, in the adult, is the largest of the three branches of the 
cœliac axis, and is remarkable for the extreme tortuosity of its course. It passes 
horizontally to the left side, behind the peritoneum and along the upper order 
of the pancreas, accompanied by the splenic vein, which lies below it; it crosses 
in front of the upper part of the left kidney, and, on arriving near the spleen, 
divides into branches, some of which enter the hilum of that organ between the 
two layers of the lieno-renal ligament to be distributed to its structure, while 
others are distributed to the pancreas and great end of the stomach. Its 
branches are, the 


Pancreatic parve. Gastric (Vasa brevia). 
Pancreatica magna. Gastro-epiploica sinistra. 


The pancreatic are numerous small branches derived from the splenic as it 
runs behind the upper border of the pancreas, supplying its middle and left 
parts. One of these, larger than the rest, is sometimes given off from the splenic 
near the left extremity of the pancreas; it runs from left to right near the 
posterior surface of the gland, following the course of the pancreatic duct, and 
is called the pancreatica magna. These vessels anastomose with the pancreatic 
branches of the pancreatico-duodenal arteries, derived from the hepatic on the 
one hand and the superior mesenteric on the other. l 

The gastric (vasa brevia) consist of from five to seven small branches, which 
arise either from the termination of the splenic artery, or from its terminal 
branches; and, passing from left to right, between the layers of the gastro-splenic 
omentum, are distributed to the great curvature of the stomach ; anastomosing 
with branches of the gastric and gastro-epiploica sinistra arteries. 

The gastro-epiploica sinistra, the largest branch of the splenic, runs from left 
to right along the great curvature of the stomach, between the layers of the great 
omentum, and anastomoses with the gastro-epiploica dextra. In its course it 
distributes several branches to the stomach, whi ascend upon both surfaces ; 
others descend to supply the omentum. 


SUPERIOR MESENTERIC ARTERY (fig. 503) 


In order to expose this vessel, raise the great omentum and transverse colon, draw 
down the small intestines, and cut through the peritoneum where the transverse meso- 


colon and mesentery join: the artery will then be exposed, just as it issues from beneath 
the lower border of the pancreas. 


The Superior Mesenteric artery supplies the whole length of the small intes- 
tine, except the first part of the duodenum : it also supplies the cecum, ascending 
and transverse colon ; it is a vessel of large size, arising from the fore part of the 
aorta, about half an inch below the coeliac axis ; being covered at its origin by 
the splenic vein and pancreas. It passes forwards, between the pancreas and 
transverse portion of the duodenum, crosses in front of this portion of the intes- 
tine, and descends between the layers of the mesentery to the right iliac fossa, 
where, considerably diminished in size, it anastomoses with one of its own 
branches, viz. the ileo-colic. In its course it forms an arch, the convexity of 
which is directed forwards and downwards to the left side, the concavity back- 
wards and upwards to the right. It is accompanied by the superior mesenteric 


vein, which lies to its right side, and it is surrounded by the superior mesenteric 
plexus of nerves. Its branches are, the 


Inferior pancreatico-duodenal. Ileo-colic. 
Vasa intestini tenuis. Colica dextra. 


Colica media. 


The inferior pancreatico-duodenal is given off from 


. l : the superior mesenteric, 
or from its first intestinal branch behind the pancreas. A 


It courses to the right 
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between the head of the pancreas and duodenum, and then ascends to anastomose 
with the superior pancreatico-duodenal artery. It distributes branches to the head 
of the pancreas and to the transverse and descending portions of the duodenum. 
The vasa intestini tenuis arise from the convex side of the superior mesenteric 
artery. They are usually from twelve to fifteen in number, and are distributed 
to the jejunum and ileum. They run parallel with one another between the 
layers of the mesentery; each vessel dividing into two branches, which unite 
with adjacent branches, forming a series of arches, the convexities of which are 
directed towards the intestine. From this first set of arches branches arise, 
which again unite with similar branches from either side, and thus a second 


Fra. 503.—The superior mesenteric artery and its branches. 
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series of arches is formed; and from these latter, a third, and a fourth, or even 
fifth series of arches are constituted, diminishing in size the nearer they approach 
the intestine. From the terminal arches numerous small straight vessels arise 
which encirele the intestine, upon which they are distributed, ramifying between 
its coats. Throughout their course small branches are given off to the glands 
and other structures between the layers of the mesentery. 

The ileo-colic artery is the lowest branch given off from the concavity of the 
superior mesenteric artery. It passes downwards and to the right behind the 
peritoneum towards the right iliac fossa, where it divides into two branches. Of 
these, the inferior division inosculates with the termination of the superior 
mesenteric artery, forming with it an arch, from the convexity of which branches 
proceed to supply the termination of the ileum, the cecum and vermiform appendix, 
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and the ileo-cecal valve. The superior division inosculates with the colica 
dextra, and supplies the commencement of the colon, The branch which goes to 
the appendix is called the appendicular artery. It passes along the free edge of 
the meso-appendix, and is a vessel of considerable size. 

The colica dextra arises from about the middle of the concavity of the superior 
mesenteric artery, and, passing behind the peritoneum to the middle of the 
ascending colon, divides into two branches :, a descending branch, which inoscu- 
lates with the ileo-colic; and an ascending branch, which anastomoses with the 
colica media. These branches form arches, from the convexity of which vessels 
are distributed to the ascending colon. l 

The colica media arises from the upper part of the concavity of the superior 
mesenteric, and, passing downwards and forwards between the layers of the 
transverse mesocolon, divides into two branches, right and left: the former 
inosculating with the colica dextra ; the latter, with the colica sinistra, a branch 
of the inferior mesenteric. From the arches thus formed, branches are distributed 
to the transverse colon. 


INFERIOR MESENTERIC ARTERY (fig. 504) 


In order to expose this vessel, draw the small intestines and mesentery over to the 
right side of the abdomen, raise the transverse colon towards the thorax, and divide the 
peritoneum covering the front of the aorta. 


The Inferior Mesenteric artery supplies the descending and sigmoid flexure 
of the colon, and the greater part of the rectum. It is smaller than the superior 
mesenteric, and arises from the front and towards the left side of the aorta, 
hetween one and two inches above its division into the common iliacs. It passes 
downwards to the left iliac fossa, and then descends, between the layers of the 
mesorectum, into the pelvis, under the name of the superior hemorrhoidal artery. 
Tt hes at first in close relation with the left side of the aorta, and then passes as 
the p hæmorrhoidal in front of the left common iliac artery. Its branches 
are, the 


Colica sinistra. Sigmoid. Superior hæmorrhoidal. 


The colica sinistra passes behind the peritoneum, in front of the left kidney, 
to reach the descending colon, and divides into two branches: an ascendin 
branch, which passes between the two layers of the transverse mesocolon an 
inosculates with the colica media; and a descending branch, which anastomoses 
with the sigmoid artery. From the arches formed by these inosculations, 
branches are distributed to the descending colon. 

The sigmoid artery runs obliquely downwards across the Psoas muscle to the 
sigmoid flexure of the colon, and divides into branches which supply that part of 
the intestine ; anastomosing above, with thé colica sinistra ; and below, with the 
superior hemorrhoidal artery. This vessel is sometimes replaced by three or 
four smal] branches. 

The superior hemorrhoidal artery, the continuation of the inferior mesenteric, 
descends into the pelvis between the layers of the mesentery of the pelvic colon, 
crossing, in its course, the ureter and left common iliac vessels. It divides into 
two branches, which descend one on each side of the rectum, and about five 
inches from the anus break up into several small branches, which pierce the 
muscular coat of the bowel and run downwards, as straight vessels, placed at 
regular intervals from each other in the wall of the gut between its muscular 
and mucous coat, to the level of the internal sphincter; here they form a 
series of loops around the lower end of the rectum, and communicate with the 
middle hemorrhoidal arteries, branches of the internal iliac, and with the inferior 
hemorrhoidal branches of the internal pudic. 


SUPRARENAL ARTERIES (fig. 500) 


__ The Suprarenal arteries are two small vessels which arise, one on each 
side of the aorta, opposite the superior mesenteric artery. They pass obliquely 
upwards and outwards, over the crura of the Diaphragm, to the under surface 
of the suprarenal capsules, to which they are distributed, anastomosing with 
suprarenal branches from the phrenic and renal arteries, In the adult these 
arteries are of small size; in the foetus they are as large as the renal arteries. 
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RENAL ARTERIES (fig. 500) 


The Renal arteries are two large trunks, which arise from the sides of the 
aorta, immediately below the superior mesenteric artery. Each is directed 
outwards, across the crus of the Diaphragm, so as to form nearly a right angle 
with the aorta. The right is longer than the left, on account of the position 
of the aorta; it passes behind the inferior vena cava. The left is somewhat 
higher than the right. Before reaching the hilum of the kidney, each artery 
divides into four or five branches; the greater number of which lie between 
the renal vein and ureter, the vein being in front, the ureter behind: one branch 


Fra. 504.—The inferior mesenteric artery and its branches. 
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is usually situated behind the ureter. Each vessel gives off some small branches 
to the suprarenal capsule, the ureter, and the surrounding cellular tissue and 
muscles. Frequently there is a second renal artery, which is given off from 
the abdominal aorta either above or below the renal artery proper, the former 
being the more common position. Instead of entering the kidney at the hilum, 
these accessory renal arteries usually pierce the upper or lower part of the 
gland. 


SpeRMATIC ARTERIES 


The Spermatic arteries are distributed to the testes. They are two slender 
vessels, of considerable length, which arise from the front of the sorta, a little 
below the renal arteries. Each artery passes obliquely outwards and downwards, 
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behind the peritoneum, resting on the Psoas muscle, the right spermatic 
lying in front of the inferior vena cava and behind the terminal part of the 
ileum, the left behind the sigmoid flexure of the colon. It crosses obliquely 
over the ureter and the lower part of the external iliac artery to reach the 
internal abdominal ring, through which it passes, and accompanies the other 
constituents of the spermatic cord along the inguinal canal to the scrotum, 
where it becomes tortuous, and divides into several branches, two or three 
of which accompany the vas deferens, and supply the epididymis, anastomosing 
with the artery of the vas deferens; others pierce the back part of the tunica 
albuginea, and supply the substance of the testis. The spermatic artery supplies 
one or two small branches to the ureter, and in the inguinal canal gives one 
or two twigs to the Cremaster muscle. ~ 

The Ovarian arteries (fig. 506) are the corresponding arteries in the female 
to the spermatic in the male. They supply the ovaries, are shorter than the 
spermatic, and do not pass out of the abdominal cavity. The origin and course 
of the first part of the artery are the same as the spermatic in the male, but on 
arriving at the margin of the pelvis the oyarian artery passes inwards, between 
the two layers of the broad ligament of the uterus, to be distributed to the ovary. 
Small branches are given to the ureter and the Fallopian tube; and one passes 
on to the side of the uterus, and anastomoses with the uterine artery. Other 
offsets are continued along the round ligament, through the inguinal canal, 
to the integument of the labium and groin. l 

At an early period of fœtal life, when the testes or ovaries lie by the side of 
the spine, below the kidneys, the spermatic or ovarian arteries are short; but as 
“these organs descend from the abdomen into the scrotum or pelvis, the arteries 
become gradually lengthened. 


INFERIOR PHRENIC ARTERIES 


The Inferior phrenic arteries are two small vessels, which present much 
variety in their origin. They may arise separately from the front of the aorta, 
immediately above the coeliac axis, or by a common trunk, which may spring 
either from the aorta or from the coeliac axis. Sometimes one is derived from 
the aorta, and the other from one of the renal arteries. In only one out of thirty- 
six cases examined did these arteries arise as two separate vessels from the aorta. 
They diverge from one another across the crura of the Diaphragm, and then pass 
obliquely upwards and outwards upon its under surface. The left phrenic passes 
behind the oesophagus, and runs forwards on the left side of the cesophageal 
opening. The right phrenic passes behind the inferior vena cava, and ascends 
along the right side of the aperture which transmits that vein. Near the back 
part of the central tendon each vessel divides into an internal and an external 
branch. The internal branch runs forwards, supplying the Diaphragm, and 
anastomosing with its fellow of the opposite side, and with the musculo-phrenic 
and comes nervi phrenici, branches of the internal mammary. The external 
branch passes towards the side of the thorax, and inosculates with the lower 
intercostal arteries, and with the musculo-phrenic. The internal branch of the 
right phrenic gives off a few vessels to the inferior vena cava; and the left 
one some branches to the oesophagus. Hach vessel also sends capsular branches 
to the suprarenal capsule of its own side. The spleen and the liver also receive 
a few branches from the left and right vessels respectively. 


LUMBAR ARTERIES 


_ The Lumbar arteries are analogous to the intercostal. They are usually four 
in number on each side, and arise from the back part of the aorta, nearly at right 
angles with that vessel. They pass outwards and backwards, around the sides 
of the bodies of the lumbar vertebre, behind the sympathetic nerve, the Psoas 
magnus muscle, and the lumbar plexus ; those on the right side being covered by 
the inferior vena cava, and the two upper ones on each side by the corresponding 
crus of the Diaphragm. In the interval between the transverse processes of the 
vertebree each artery divides into a dorsal and an abdominal branch. 

The dorsal branch gives off, immediately after its origin, a spinal branch, 
which enters the spinal canal; it then continues its course backwards, between 
the transverse processes, and is distributed to the muscles and integument of 
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the back, anastomosing with the similar branches of the adjacent lumbar arteries, 
and with the posterior branches of the intercostal arteries. The spinal branch 
enters the’ spinal canal through the intervertebral foramen, to he distributed 
to the spinal cord and its membranes and to the bodies of the vertebra in the 
same manner as the lateral spinal branches from the vertebral (see page 644). 
The abdominal branches pass outwards, having a variable relation to the 
Quadratus lumborum muscle. Most frequently the last branch passes in front 
of the muscle and the others behind it ; sometimes the order is reversed and the 
first branch passes in front of the muscle. At the outer border of the Quadratus 
they are continued between the Transversalis and Internal oblique muscles of the 
abdomen, and anastomose with branches of the epigastric and internal mammary 


2” the intercostals above, and those of the ilio-lumbar and circumflex iliac 
elow. 


MIDDLE SACRAAL ARTERY 


The Middle Sacral artery is a small vessel, which arises from the back part 
of the aorta, just at its bifurcation. It descends upon the last lumbar vertebra, 
and along the middle line of the front of the sacrum, to the upper part of the 
coccyx ; it anastomoses with the lateral sacral arteries, and terminates in the 
coccygeal gland. From it, minute branches pass to the posterior surface of the 
rectum. Other branches are given off on each side, which anastomose with the 
lateral sacral arteries, and send off small offsets, which enter the anterior sacral 
foramina. It is crossed by the left common iliac vein, and is accompanied by a 
pair of venæ comites; these unite to form a single vessel, which opens into the 
left common iliac vein. 

Coccygeal gland, or Luschka’s gland.— Lying near the tip of the coccyx in a 
small tendinous interval formed by the union of the Levator ani muscle of each 
side, and just above the coccygeal attachment of the Sphincter ani, is a small 
conglobate body, about as large as a lentil or a pea, first described by Luschka,* 
and named by i the coccygeal gland. Its most obvious connections are with 
the arteries of the part. 

Structure.—The coccygeal gland is generally classed with the ductless glands 
of the body, and consists of a congeries of small arteries, with little aneurismal 
dilatations, derived from the middle sacral, and freely communicating with each 
other. These vessels are enclosed in one or more layers of polyhedral granular 
cells, and the whole structure is invested in a capsule of connective tissue which 
sends in trabecule, dividing the interior into a number of spaces in which the 
vessels and cells are contained. Nerves pass into this little body from the 
sympathetic, but their mode of termination is unknown. 


COMMON ILIAC ARTERIES 


The abdominal aorta divides, on the left side of the body of the fourth lumbar 
vertebra, into the two common iliac arteries. They are about two inches in 
length ; diverging from the termination of the aorta, they pass downwards and 
outwards to the margin of the pelvis, and divide opposite the intervertebral 
substance, between the last lumbar vertebra and the sacrum, into two branches, 
the external and internal iliac arteries : the former supplying the lower extremity ; 
the latter, the viscera and parietes of the pelvis. 

The right common iliac is somewhat longer than the left, and passes more 
obliquely across the body of the last lumbar vertebra. In front of it are the 
peritoneum, the small intestines, branches of the sympathetic nerve, and, at its 
point of division, the ureter. Behind, it is separated from the fourth and fifth 
lumbar vertebre, with the intervening intervertebral disc, by the two common 
iliac veins. On its outer side, it is in relation with the inferior vena cava, and 
the right common iliac vein, above; and the Psoas magnus muscle below. 
On its inner side is the left common iliac vein above. 

The left common iliac is in relation, in front, with the peritoneum, the small 
intestines, branches of the sympathetic nerve, and the superior hemorrhoidal 
artery ; and is crossed at its point of bifurcation by the ureter. . It rests on the 
bodies of the fourth and fifth lumbar vertebre, with the intervening intervertebral 


* Der Hirnanhang und die Steissdriise des Menschen, Berlin, 1860; Anatomie des 
Menschen, Tiibingen, 1864, vol. ii. pt. 2, p. 187. 


684 THE BLOOD VASCULAR SYSTEM 


disc. The left common iliac vein lies partly on the inner side, and partly 
beneath the artery; on its outer side, the artery 1s in relation with the Psoas 
magnus muscle. 


PLAN OF THE RELATIONS OF THE Common ILIAC ARTERIES 


In front. 


Peritoneum., 

Small intestines. 
Sympathetic nerves. 
Ureter. 


Outer side, 


Vena cava. 
Right common iliac vein. 
Psoas muscle. 


Inner side. 
Left common iliac vein. 





Behind., 


Fourth and fifth lumbar vertebræ. 
Right and left common iliac veins. 


In front, 


Peritoneum. 

Small intestines. 

Sympathetic nerves, 

Superior hæmorrhoidal artery. 


Ureter. 
Inner side. Left Outer side. 
m È Common 
Left common iliac vein, Iliac, Psoas magnus muscle. 
Behind. 


Fourth and fifth lumbar vertebree. 
Left common iliac vein. 


Branches,—The common iliac arteries give off small branches to the peri- 


toneum, Psoas magnus, ureters, and the surrounding cellular tissue, and 
occasionally give origin to the ilio-lumbar, or renal arteries. 


Peculraritres.—The point of origin varies according to the bifurcation of the aorta. In 
three-fourths of a large number of cases, the aorta bifurcated either upon the fourth 
lumbar vertebra, or upon the intervertebral disc between it and the fifth; the bifurcation 
being, in one case out of nine below, and in one out of eleven above this point. In ten 
out of every thirteen cases, the vessel bifurcated within half an inch above or below the 
level of the crest of the ilium : more frequently below than above. 

The point of division is subject to great variety. In two-thirds of a large number of 
cases it was between the last lumbar vertebra and the upper border of the sacrum: being 
above that point in one case out of eight, and below it in one case out of. six. The left 
common iliac artery divides lower down more frequently than the right. 

__ The relative length, also, of the two common iliac arteries varies. The right common 
iliac was the longer in sixty-three cases ; the left in fifty-two ; while they were both equal 
in fifty-three. The length of the arteries varied in five-sevenths of the cases examined, 


from an inch and a half to three inches; in about half of the remaining cases the artery 


was longer, and in the other half, shorter: the minimum j 
inch, the maximum four and a half inches, In rare P E j soto ne 
has been found wanting, the external and internal iliacs arising directly from the aorta. 

, Surface Marking.—Draw a zone round the body opposite the highest part of the crest 
of the ilium ; in this line take a point half an inch to the left of the middie line. From 
this draw two lines to points midway between the anterior superior spines of the iium 
and the symphysis pubis. These two diverging lines will represent the course of the 


common and external iliac arteries. Draw a second zone round the body corresponding 


to the level of the anterior superior spines of the ilium: the portion of the diverging lines 
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between the two zones will represent the course of the common iliac artery; the portion 
below the lower zone, that of the external iliac artery. 

Surgical Anatomy.—The application of a ligature to the common iliac artery may be 
required on account of aneurism or hemorrhage, implicating the external or internal 
iliacs. Now that the surgeon no longer dreads opening the peritoneal cavity, there can be 
no question that the easiest and best method of tying the artery is by a transperitonea] 
route. The abdomen is opened; the intestines are drawn to one side and the peritoneum 
covering the artery divided. The sheath is then opened, and the needle passed from 
within outwards. On the right side great care must be exercised in passing the needle, 
since both the common iliac veins lie behind the artery. After the vessel has been tied 
the incision in the peritoneum over the artery should be sutured. Formerly there were 
two different methods by which the common iliac artery was tied, without opening the 
peritoneal cavity: 1, an anterior or iliac incision, by which the vessel is approached 
more directly from the front; and 2, a posterior abdominal or lumbar incision, by which 
the vessel is reached from behind. 

Collateral Circulation.—The principal agents in carrying on the collateral circulation 
after the application of a ligature to the common iliac are: the anastomoses of the 
hsemorrhoidal branches of the internal iliac with the superior hemorrhoidal from the 
inferior mesenteric ; the anastomoses of the uterine and ovarian arteries, and of the vesical 
arteries of opposite sides; of the lateral sacral with the middle sacral artery; of the 
epigastric with the internal mammary, inferior intercostal, and lumbar arteries; of the 
circumflex iliac with the lumbar arteries ; of the ilio-lumbar with the last lumbar artery ; 
of the obturator artery, by means of its pubic branch, with the vessel of the opposite side, 
and with the deep epigastric. 

Compression of the Common Iliac Arteries.—The common iliac arteries are most 
efficiently compressed by Davy’s lever. The instrument consists of a gum-elastic tube, 
about two feet long, in which fits a round wooden ‘lever’ considerably longer than the 
tube. A small quantity of olive oil having been injected into the rectum, the gum-elastic 
tube, softened in hot water, is passed into the bowel sufficiently far to permit its pressing 
upon the common iliac artery as it lies in the groove between the last lumbar vertebra 
and the Psoas muscle. The wooden lever is then inserted into the tube, and the 
projecting end carried towards the opposite thigh and raised, when it acts as a lever of 
the first order, the anus being the fulerum. In cases where the mesorectum is 
abnormally short it may be impossible, without unjustifiable force, to compress the artery 
on the right side. 


InteRNAL ILIAC ARTERY (fig. 505) 


The Internal Iliac artery eee the walls and viscera of the pelvis, the 
buttock, the generative organs, and inner side of the thigh. It is a short, thick 
vessel, smaller in the adult than the external iliac, and about an inch and a half 
in length. It arises at the bifurcation of the common iliac, opposite the lumbo- 
sacral articulation, and, passing downwards to the upper margin of the great 
sacro-sciatic foramen, divides into two large trunks, an anterior and posterior ; 
from its anterior division a partially obliterated cord, the hypogastric artery, 
extends forwards to the bladder. 

Relations—Jn front with the ureter, which separates it from the peritoneum. 
Behind, with the internal iliac vein, the lumbo-sacral cord, and Pyriformis muscle. 
By its outer side, near its origin, with the external iliac vein, which lies between it 
and the Psoas magnus muscle ; lower down, with the obturator nerve. 


PLAN OF THE RELATIONS OF THE INTERNAL ILIAC ARTERY 


In front. 


Peritoneum. 
Ureter. 


Outer side. ann 
Psoas magnus. Iliac. 


Behind. 


Internal iliac vein. 
Lumbo-sacral cord. 
Pyriformis muscle. 
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In the fœtus, the internal iliac artery (hypogastric) is twice as large as the 
external iliac, and appears to be the continuation of the common iliac. Instead 
of dipping into the pelvis, it passes forwards to the bladder, and ascends along 
the sides of that viscus to its summit, to which it gives branches ; it then passes 
upwards along the back part of the anterior wall of the abdomen to the umbilicus, 
converging towards its fellow of the opposite side. Having passed through the 
umbilical opening, the two arteries twine round the umbilical vein, forming with 
it the umbilical cord; and, ultimately, ramify in the placenta. The portion of 
the vessel within the abdomen is called the hypogastric artery; and that external 
to that cavity, the umòbtlical artery. 

At birth, when the placental circulation ceases, the upper portion of the 
hypogastric artery, extending from the summit of the bladder to the umbilicus, 


Fia. 505.—-Arteries of the pelvis. 
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contracts, and ultimately dwindles to a solid fibrous cord ; but the lower portion, 
extending from its‘origin (in what is now the interna) iliac artery) for about an 
inch and a half to the wall of the bladder, and thence to the summit of that 
organ, is not totally impervious, though it becomes considerably reduced in size 
and serves to convey blood to the bladder, under the name of the superior vesical 
artery. 
Peculiarities as regards Length.—In two-thirds of a large numbe 
os ma internal iliac varied between an inch and an inch ie a half aan comm 
ird it was more frequently longer than shorter, the in na i 

the minimum half an a id a maximum longókadioiag aeina 
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The lengths of the common and internal iliac arteries bear an inverse proportion to 
each other, the internal iliac artery being.long when the common iliac is short, and vice 
versa. 

As regards its Place of Division.—The place of division of the internal iliac varies 
para the upper margin of the sacrum and the upper border of the sacro-sciatic 
oramen. 

The arteries of the two sides in a series of cases often differed in length, but neither 
seemed constantly to exceed the other. 

Surgical Anatomy.—The application of a ligature to the internal iliac artery may be 
required in cases of aneurism or hemorrhage affecting one of its branches. The vessel 
may be best secured by an abdominal section in the median line and reaching the vessel 
through the peritoneal cavity. This plan has been advocated by Dennis, of New York, 
on the following grounds: (1) It no way increases the danger of the operation; (2) it 
prevents a series of accidents which have occurred during ligature of the artery by the 
older methods; (3) it enables the surgeon to ascertain the exact extent of disease in the 
main arterial trunk, and select his spot for the application of the ligature ; and (4) it 
occupies much less time. It should be remembered that the vein lies behind, and 
on the right side, a little external to the artery, and in close contact with it; the ureter, 
which lies in front, must also be avoided. The degree of facility in applying a ligature 
to this vessel will mainly depend upon its length. It has been seen that, in the 
great majority of the cases examined, the artery was short, varying from an inch to 
an inch and a half; in these cases, the artery is deeply seated in the pelvis; when, on 
the contrary, the vessel is longer, it is found partly above that cavity. If the artery is 
very short, as occasionally happens, it would be preferable to apply a ligature to the 
common iliac. or upon the external and internal iliacs at their origin. 

Collateral Circulation.—The circulation after ligature of the internal iliac artery is 
carried on by the anastomoses of the uterine and ovarian arteries; of the opposite 
vesical arteries; of the hemorrhoidal branches of the internal iliac with those from the 
inferior mesenteric; of the obturator artery, by means of its pubic branch, with the 
vessel of the opposite side, and with the epigastric and internal circumflex; of the 
circumflex and perforating branches of the profunda femoris with the sciatic; of 
the gluteal with the posterior branches of the sacral arteries; of the ilio-lumbar with the 
last lumbar; of the lateral sacral with the middle sacral; and of the circumflex iliac with 
the ilio-lambar and gluteal.” 


BRANCHES OF THE INTERNAL ILIAC 


From the Anterior Trunk. From the Posterior Trunk. 


Superior vesical. Tlio-lumbar. 
Middle vesical. Lateral sacral, 
Inferior vesical. Gluteal. 
Middle hemorrhoidal. 

Obturator. 

Internal pudic. 

Sciatic. 


Uterine. 
In female {Vaginal 


The superior vesical is that part of the foetal hypogastric artery which 
remains pervious after birth. It extends to the side of the bladder, distributing 
numerous branches to the apex and body of the organ. From one of these m 
slender vessel is derived, which accompanies the vas deferens in its course to 
the testis, where it anastomoses with the spermatic artery. This is the artery of 
the vas deferens. Other branches supply the ureter. 

The middle vesical, usually a branch of the superior, is distributed to the base 
of the bladder and under surface of the vesicule seminales. 

The inferior vesical arises from the anterior division of the internal iliac, 
frequently in common with the middle hemorrhoidal, and is distributed to the 
base of the bladder, the prostate gland, and vesicule seminales. The branches 
distributed to the prostate communicate with the corresponding vessels of the 
opposite side. 

The middle hemorrhoidal artery usually arises together with the precedin 


vessel. It is distributed to the rectum, anastomosing with the inferior vesica 


* For a description of a case in which Owen made a dissection ten years after ligature 
of the internal iliac artery, see Med.-Chir. Trans. vol. xvi. 
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and with the superior and inferior hemorrhoidal arteries. It gives offsets to the 
seminal vesicle and prostate gland. 

The uterine artery (fig. 506) passes inwards from the anterior trunk of the 
internal iliac to the neck of the uterus. Ascending, ip a tortuous course on the 
side of this viscus, between the layers of the broad ligament, it distributes 


branches to its substance, anastomosing, near its termination, with the ovarian 


Frc. 506.—The arteries of the internal organs of generation of the female, 
seen from behind. (After Hyrti.) 


Branches to tube 








Branch to round ligament 


Round ligament 


Uterine artery 
Arteries of cervis 
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artery. It gives off branches to the cervix uteri (cervical), and bran i 
; tot f ches which 
descend on the vagina, and, joining with branches pana vaginal arteries 
taga & aafin longi ep vessel both in front and behind ; these descend on the 
anterior an ; i } 
he — erior surfaces of the vagina, and are named the azygos arteries 
he vaginal artery is analogous to the inferior vesical i i 
vay pee | in the male; i 
descends upon the vagina, supplying its mucous membrane, and sending ah 


Fig. 507.—Variations in origin and course of obturator artery. 





to the bulb of the vestibule, the neck of the bladder, and 
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pelvis, to the upper part of the obturator foramen, and escaping from the bio 
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cavity through a short canal, formed by a groove on the under surface of the 
ascending ramus of the os pubis, and the arched border of the obturator mem- 
brane, it divides into an internal and an external branch. In the pelvic cavity 
this vessel is in relation, externally, with the parietal pelvic fascia; internally, 
with the ureter, vas deferens, and peritoneum; while a little below it, is the 
obturator nerve. 

Branches.— Within the pelvis, the obturator artery gives off an iliac branch to 
the iliac fossa, which supplies the bone and the Iliacus muscle, and anastomoses 
with the ilio-lumbar artery ; a vesical branch, which runs backwards to supply 
the bladder ; and a pubic branch, which is given off from the vessel just before it 
leaves the pelvic cavity. This branch ascends upon the back of the os pubis, 
communicating with offsets from the deep epigastric artery, and with the 
corresponding vessel of the opposite side. It is frequently placed on the inner 
side of the femoral ring. Eternal to the pelvis, the obturator artery divides 
into an internal and an external branch, which are deeply situated beneath the 
Obturator externus muscle. 

The internal branch curves downwards along the inner margin of the 
obturator foramen, lying beneath the Obturator externus muscle ; it distributes 
branches to the Obturator externus, Pectineus, Adductors, and Gracilis, and 
anastomoses with the external branch, and with the internal circumflex artery. 

The external branch curves round the outer margin of the foramen, also lying 
beneath the Obturator externus muscle, to the space between the Gemellus 
inferior and Quadratus femoris, where it divides into two branches: one, the 
smaller, courses inwards around the lower margin of the foramen and ana- 
stomoses with the internal branch and with the internal circumflex; the other 
inclines outwards in the groove below the acetabulum, and supplies the muscles 
attached to the tuberosity of the ischium and anastomoses with the sciatic artery. 
It sends a branch to the hip-joint through the cotyloid notch, which ramifies on 
the round ligament as far as the head of the femur. 


Peculiarities.—In two out of every three cases the obturator arises from the internal 
iliac; in two out of seven from the deep epigastric ; and in about one in seventy-two cases 
by two roots, one from either vessel. It arises in about the same proportion from the 
external iliac artery. The origin of the obturator from the epigastric is not commonly 
found on both sides of the same body. 

When the obturator artery arises at the front of the pelvis from the deep epigastric, 
it descends almost vertically to the upper part of the obturator foramen. The artery in 
this course usually lies in contact with the external iliac vein, and on the outer side of 
the femoral ring (fig. 507, a); in such cases it would not be endangered in the operation 
for femoral hernia. Occasionally, however, it curves inwards along the free margin of 
Gimbernat’s ligament (fig. 507, B), and under such circumstances would almost completely 
encirele the neck of a hernial sac (supposing a hernia to exist in such a case), and would 
be in great danger of being wounded if an operation were performed. 


The internal pudic is the smaller of the two terminal branches of the anterior 
trunk of the internal iliac, and supplies the external organs of generation. 
Though the course of the artery is the same in the two sexes, the vessel is much 
smaller in the female than in the male, and the distribution of its branches 
somewhat different. The description of its arrangement in the male will first be 
given, and subsequently the differences which it presents in the female will be 
mentioned. 

The internal pudic artery in the male passes downwards and outwards to the 
lower border of the great sacro-sciatic foramen, and emerges from the pelvis 
between the Pyriformis and Coccygeus muscles: it then crosses the spine of 
the ischium, and enters the perineum through the lesser sacro-sciatic foramen. 
The artery now crosses the Obturator internus muscle, along the outer wall 
of the ischio-rectal fossa, being situated about an inch and a half above the 
lower margin of the ischial tuberosity. It is here contained in a sheath of the 
obturator fascia, and gradually approaches the margin of the ramus of the 
ischium, along which it passes forwards and upwards; it pierces the base of 
the superficial layer of the triangular ligament of the urethra, runs forwards 
along the inner margin of the ramus of the os pubis, and divides into its two 
terminal branches, the dorsal artery of the penis and the artery of the corpus 


cavernosum. l 
Er 
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Relations.— Within the pelvis, it lies in front of the Pyriformis muscle, the 
sacral plexus of nerves, and the sciatic artery, and on the outer side of the rectum 
(on the left side). As it crosses the spine of the ischium, 1t 1s covered by the 
Giuteus maximus and overlapped by the great sacro-selatic ligament. Here the 
pudic nerve lies to the inner side and the nerve to the Obturator internus to the 
outer side of the vessel. In the perineum it lies on the outer side of the ischio- 
rectal fossa, in a canal (Alcock’s canal) formed by the splitting of the obturator 
fascia. It is accompanied by the pudic veins and the pudic nerve. 


Peculiavities.—The internal pudic is sometimes smaller than usual, or fails to give off 
one or two of its usual branches; in such cases the deficiency is supplied by branches 
derived from an additional vessel, the accessory pudic, which generally arises from the 
internal pudic artery before its exit from the great sacro-sciatic foramen. It passes 
forwards along the lower part of the bladder and across the side of the prostate gland to 
the root of the penis, where it perforates the triangular ligament, and gives off the 
branches usually derived from the pudic artery. The deficiency most frequently met 
with is that in which the internal pudic ends as the artery of the bulb; the artery of the 
corpus cavernosum and the dorsal artery of the penis being derived from the accessor 
pudic. Or the pudic may terminate as the superficial perineal, the artery of the bul 
being derived, with the other two branches, from the accessory vessel, Occasionally 
the accessory pudic artery is derived from one of the other branches of the internal iliac, 
most frequently the inferior vesical or the obturator. 


Branches.—The branches of the internal pudie artery are: 


Muscular. Transverse perineal. 
Inferior hemorrhoidal. Artery of the bulb. 
Superficial perineal. Artery of the corpus cavernosum. 


Dorsal artery of the penis. 


The muscular branches consist of two sets: one given off in the pelvis; the 
other, as the vessel crosses the ischial spine. The former consists of several small 
offsets which supply the Levator ani, the Obturator internus, the Pyriformis, 
and the Coccygeus muscles. The branches given off outside the pelvis are 
distributed to the adjacent part of the Gluteus maximus and External rotator 
muscles. They anastomose with branches of the sciatic artery. 

The inferior hemorrhoidal branches are two or three in number, and arise from 
the internal pudic as it passes above the tuberosity of the ischium. Piercing the 
wali of Aleock’s canal and crossing the ischio-rectal fossa, they are distributed to 
the muscles and integument of the anal region, and send offshoots round the lower 
edge of the Gluteus maximus to the skin of the buttock. They anastomose with 
the corresponding vessels of the opposite side, with the superior and middle 
hemorrhoidal arteries, and with the transverse and superficial perineal vessels. 

The superficial perineal artery supplies the scrotum, muscles and integument 
of the perineum. It arises from the internal pudic, in front of the preceding 
branches, and turns upwards, crossing either over or under the Transversus 
perinxi muscle, and runs forwards, parallel to the pubic arch, in the interspace 
between the Accelerator urine and Erector penis muscles, both of which it 
supplies, and is finally distributed to the skin and dartos of the scrotum. In its 
passage through the perineum, it lies beneath the superficial perineal fascia. 

The transverse perineal is a small branch which arises either from the internal 
pudic, or from the superficial perineal artery as it crosses the Transversus peringei 
muscle. It runs transversely inwards along the cutaneous surface of the 
Transversus perinei muscle, which it supplies, as well as the structures between 
the anus and bulb of the urethra, and anastomoses with the corresponding vessel 
of the opposite side. 

_ The artery of the bulb is a large but very short vessel, which arises from the 
internal pudic between the two layers of the triangular ligament, and, passing 
nearly transversely inwards through the fibres of the Compressor “urethree 
muscle, it pierces the superficial layer of the triangular ligament and ramifies in 
the bulb of the urethra. It gives off a small branch to Cowper’s gland. 

_ The artery of the corpus cavernosum, one of the terminal branches of the 
internal pudic, arises from that vessel while it is situated between the two layers 
of the m th > s it ae pe superficial layer, and entering the crus 
penis obliquely, it runs forwards in the centr or : 

which its paea are distributed, i PORN ee 
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The dorsal artery of the penis ascends between the crus and pubic symphysis, 
and, piercing the triangular ligament, passes between the two layers of the 
suspensory ligament of the penis, and runs forwards on the dorsum of the penis 
to the glans, where it divides into two branches, which supply the glans and 
prepuce. On the dorsum of the penis, it lies immediately beneath the integu- 
ment between the dorsal nerve and vein, the former being on its outer side. 
It supplies the integument and fibrous sheath of the corpus cavernosum, sending 
branches through the sheath to anastomose with the. preceding vessel. 

The internal pudic artery in the female is smaller than in the male. Its 
origin and course are similar, and there is considerable analogy in the distribu- 
tion of its branches. The superficial perineal artery supplies the labia pudendi ; 
the artery of the bulb supplies the bolts vestibuli and the erectile tissue of the 
vagina; the artery of the corpus cavérnosum supplies the cavernous body of 
the clitoris ; and the arteria dorsalis clitoridis supplies the dorsum of that organ, 
and terminates in the glans and in the membranous fold corresponding to the 
prepuce of the male. 


Surgical Anatomy.—The relation of the accessory pudic to the prostate gland and 
urethra is of the greatest interest from a surgical point of view, as this vessel is in danger 
of being wounded in the operation of lateral lithotomy. The student should also study 
the position of the internal pudic artery and its branches, when running a normal course, 
with regard to the same operation. The superficial and the transverse perineal arteries 
are, of necessity, divided in this operation, but the hemorrhage from these vessels is 
seldom excessive; should a ligature be required, it can readily be applied on account of 
their superficial position. The artery of the bulb may be divided if the incision be carried 
too far forwards, and injury of this vessel may be attended with serious or even fatal 
consequences. The main trunk of the internal pudic artery may be wounded if the 
incision be carried too far outwards ; but, being bound down by the strong obturator fascia, 
and under cover of the ramus of the ischium, the accident is not very likely to occur 
unless the vessel runs an anomalous course. 

The artery to the bulb is of considerable importance from a surgical point of view, 
as it is in danger of being wounded in the operation of lateral lithotomy, an accident 
usually attended in the adult with alarming hemorrhage. The vessel is sometimes very 
small, occasionally wanting, or even double. In some instances it arises from the internal 
pudic earlier than usual, and crosses the perineum to reach the back part of the bulb. In 
such a case the vessel could hardly fail to be wounded in the performance of the operation 
of lateral lithotomy. If, on the contrary, it should arise from an accessory pudic, it 
lies more forward than usual, and is out of danger. 


The sciatic artery (fig. 508), the larger of the two termina] branches of the 
anterior trunk of the internal iliac, is distributed chiefly on the buttock and 
back of the thigh. It passes down to the lower part of the great sacro-sciatic 
foramen, behind the internal pudic artery, resting on the sacral plexus of nerves 
and Pyriformis muscle, and escapes from the pelvis through this foramen 
between the Pyriformis and Coccygeus. It then descends in the interval between 
the trochanter major and tuberosity of the ischium, accompanied by the sciatic 
nerves, and covered by the Gluteus maximus, and is continued down the back 
of the thigh supplying the skin, and anastomosing with branches of the 
perforating arteries. i 

Within the pelvis, it distributes branches to the Pyriformis, Coccygeus, and 
Levator ani muscles; some hemorrhoidal branches, which supply the rectum, 
and occasionally take the place of the middle hemorrhoidal artery ; and vesical 
branches to the base and neck of the bladder, vesicule seminales, and prostate 
gland. External to the pelvis, it gives off the following branches : 


Muscular. Anastomdtic. 
Coccygeal. Articular,. 
Comes nervi ischiadici. Cutaneous 


The muscular branches supply the Gluteus maximus, anastomosing with the 
gluteal artery in the substance of the muscle: the external rotators, anastomosing 
with the internal pudic artery ; and the muscles attached to the tuberosity of 
the ischium, anastomosing with the external branch of the obturator and the 
internal cireumflex arteries. anes 

The coceygeal branch runs inwards, pierces the great sacro-sciatic ligament, 
and supplies the Gluteus maximus, the integument, and other structures on 


the back of the coccyx. 
YY2 
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The comes nervi ischiadici is a long, slender vessel, which accompanies the 
great sciatic nerve for a short distance; it then penetrates it, and runs in its 


substance to the lower part of the thigh. 


The anastomotic artery is directed downwards across the external rotators, 
and assists in forming the so-called crucial anastomosis by anastomosing with 
the superior perforating and the internal and external circumflex. 


Fig. 508.—The arteries of the gluteal and posterior 
femoral regions. 
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with branches from the middle sacral, enters the first or second anterior sacral 
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~ Superior muscular 


The articular branch, 
generally derived from the 
anastomotic, is distributed 
to the capsule of the hip- 
joint. 

The cutaneous branches 
are distributed to the skin of 
the buttock and back of the 
thigh. 

The ilio-lumbar artery, 
given off from the posterior 
trunk of the internal iliac, 
turns upwards and outwards 
behind the obturator nerve 
and the external iliac vessels, 
to the inner margin of the 
Psoas muscle, behind which 
it divides into a lumbar and 
an iliac branch. 

The lumbar branch sup- 
plies the Psoas and Quad- 
ratus lumborum muscles, 
anastomosing with the last 
lumbar artery, and sends a 
small spinal branch through 
the intervertebral foramen 
between the last lumbar ver- 
tebra and the sacrum, into 
the spinal canal, to supply 
the cauda equina. 

The iliac branch descends 
to supply the Iliacus muscle; 
some offsets, running be- 
tween the muscle and the 
bone, anastomose with the 
iliac branch of the obtura- 
tor; one of these enters an 
oblique canal to supply the 
diploé, while others run 
along the crest of the ilium, 
distributing branches to 
the gluteal and abdominal 
muscles, and anastomosing 
in their course with the 
gluteal, circumflex iliac, and 
external circumflex arteries. 

The lateral sacral ar- 
teries (fig. 505) are usually 
two in number on each side, 
superior and inferior. 
rds, and, after anastomosing 


aping 


by the corresponding posterior sacral foramen, is distributed to the skin and 
rouscles on the dorsum of the sacrum, anastomosing with the gluteal. 


he inferior passes obliquely across the front of the Pyriformis muscle and 


sacral nerves to the inner side of the anterior S 


acral foramina, descends on the 
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front of the sacrum, and anastomoses over the coccyx with the sacra media and 
opposite lateral sacral artery. In its course it gives off branches, which enter 
the anterior sacral foramina ; these, after supplying the contents of the sacral 
canal, escape by the posterior sacral foramina, and are distributed to the 
aa and skin on the dorsal surface of the sacrum, anastomosing with the 
gluteal. 

The gluteal artery is the largest branch of the internal iliac, and appears to 
be the continuation of the posterior division of that vessel. It is a short, thick 
trunk, which runs backwards between the lumbo-sacral cord and the first sacral 
nerve, and, passing out of the pelvis above the upper border of the Pyriformis 
muscle, immediately divides into a superficial and a deep branch. Within the 
pelvis, it gives off a few muscular branches to the Iliacus, Pyriformis, and 
Obturator internus, and just previous to quitting that cavity, a nutrient artery, 
which enters the ilium, 

_ The superficial branch enters the deep surface of the Gluteus maximus, and 
divides into numerous branches, some of which supply that muscle, while others 
perforate its tendinous origin, and supply the integument covering the posterior 
gee of the sacrum, anastomosing with the posterior branches of the sacral 
arteries. 

_ The deep branch lies under the Gluteus medius and almost immediately sub- 
divides into two. Of these, the superior division, continuing the original course 
of the vessel, passes along the upper border of the Gluteus minimus to the 
anterior superior spine of the ilium, anastomosing with the circumflex iliac and 
ascending branches of the external circumflex artery. The inferior division 
crosses the Gluteus minimus obliquely to the trochanter major, distributing 
branches to the Glutei muscles, and mosculates with the external circumflex 
artery. Some branches pierce the Gluteus minimus to supply the hip-joint. 


Surface Marking.—The three main branches of the internal iliac, the sciatic, internal 
pudic, and gluteal, may occasionally be the object of surgical interference, and their 
positions are indicated on the surface in the following way: draw a line from the posterior 
superior iliac spine to the posterior superior angle of the great trochanter, with the limb 
slightly flexed and rotated inwards: the point of emergence of the gluteal artery from 
the upper part of the sciatic notch will correspond with the junction of the upper with 
the middle third of this line. Draw a second line from the posterior superior iliac spine 
to the outer part of the tuberosity of the ischium; the junction of the lower with the 
middle third marks the point of emergence of the sciatic and pudic arteries from the 
great sciatic notch. 

Surgical Anatomy.—Any of these three vessels may require ligaturing for a wound 
or for aneurism, which is generally traumatic. The gluteal artery is ligatured by turning 
the patient two-thirds over on to his face and making an incision from the posterior 
superior spine of the ilium to the upper and posterior angle of the great trochanter. 
This must expose the Gluteus maximus muscle, and its fibres are to be separated through 
the whole thickness of the muscle and pulled apart with retractors. The contiguous 
margins of the Gluteus medius and Pyriformis are now to be separated from each other, 
and the artery will be exposed emerging from the sciatic notch. In ligature of the 
sciatic artery, the incision should be made parallel with that for ligature of the gluteal 
but an inch and a half lower down. After the fibres of the Gluteus maximus have been 
separated, the vessel is to be sought for at the lower border of the Pyriformis; the great 
sciatic nerve, which lies just above it, forming the chief guide to the artery. 


EXTERNAL ĪLIAC Artery (fig. 505) 


The External Iliac artery is larger in the adult than the internal iliac, and 
passes obliquely downwards and outwards along the inner border of the Psoas 
muscle, from the bifurcation of the common iliac to a point beneath Poupart’s 
ligament, where it enters the thigh and becomes the femoral artery. 

Relations.—In front, with the peritoneum, subperitoneal areolar tissue, the 
termination of the ileum on the right side, and the sigmoid flexure on the left, 
and a thin layer of fascia, derived from the iliac fascia, which surrounds the 
artery and vein. At its origin it is occasionally crossed by the ureter. The 
spermatic vessels descend for some distance upon it near its termination, and it 
is crossed in this situation by the genital branch of the genito-crural nerve and 
the deep circumflex iliac vein; the vas deferens in the male, and the round liga- 
ment in the female, curve down along its inner side. Behind, it is in relation with 
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the inner border of the Psoas muscle, from which it is separated by the iliac 
fascia. At the upper part of its course, the external iliac vein lies partly behind 
it, but lower down lies entirely to its inner side. Externally, it rests against the 
Psoas muscle, from which it is separated by the iliac fascia. The artery rests 
upon this muscle, near Poupart’s ligament. Numerous lymphatic vessels and 
glands are found lying on the front and on the inner side of the vessel. 


PLAN oF THE RELATIONS OF THE EXTERNAL ILIAC ARTERY 


In front. 
Peritoneum, intestines, and poia, 
Lymphatic vessels and glands. 
Nas Spermatic vessels. 
The genital branch of the genito-crural nerve. 
Deep circumflex iliac vein. 


Poupart’s 
Ligament 


Outer side. Inner side. 
Psoas magnus. =e External iliac vein and vas defe- 
Iliac fascia. rens near Poupart’s ligament. 





Behind. 


External iliac vein. 
Psoas magnus. 
Iliac fascia. 


Surface Marking.—The surface line indicating the course of the external iliac artery 
has been already given (see page 684). 

Surgical Anatomy.—The application of a ligature to the external iliac may be 
required in cases of aneurism of the femoral artery, ilio-femoral aneurism, or for a wound 
of the artery. This vessel may be secured in any part of its course, excepting near its 
upper end, which is to be avoided on account of the proximity of the great stream of blood 
in the internal iliac, and near its lower end, which should also be avoided, on account of 
the proximity of the deep epigastric and circumflex iliac vessels. The operation may be 
performed by opening the abdomen and incising the peritoneum over the artery 
(transperitoneal) ; or by an incision in the iliac region, division of all the structures down 
to, but not through, the peritoneum, and the reflection inwards of the peritoneum from 
the iliac fossa until the artery is reached (retroperitoneal). 

Transperitoneal ugature.—An incision four inches in length is made in the semi- 
lunar line, commencing about an inch below the umbilicus, and carried through the 
abdominal wall into the peritoneal cavity. The intestines are then pushed upwards 
and held out of the way by a broad abdominal retractor, and an incision made 
through the peritoneum at the margin of the pelvis in the course of the artery; the 
vessel is secured in any part of its course which may seem desirable to the operator. 
The advantages of this operation appear to be, that if it is found necessary the 
conimon iliac artery can be ligatured instead of the external iliac without extension or 
modification of the incision; and secondly, that the vessel can be ligatured without in 
any way interfering with the sac of the aneurism. | 

Retroperitoneal ligature may be performed either by the modified Abernethy’s 
method, which consists in making an incision from an inch above and internal to the 
anterior superior spine of the ilium in a curved direction, with its convexity outwards and 
downwards to a point an inch and a half above the middle of Poupart’s ligament; or 
by Astley Cooper’s method, in which an incision is made in a curved direction from a 
little above and outside the external abdominal ring to an inch from the inner side of 
the anterior superior spinous process of the ilium. In both, the abdominal muscles and 
transversalis fascia having been cautiously divided, the peritoneum should be separated 
from the iliac fossa and raised towards the pelvis; and on introducing the finger to the 
bottom of the wound, the artery may be felt pulsating along the inner border of the Psoas 
muscle, The external iliac vein is generally found on the inner side of the artery, and 
must be cautiously separated from it by the finger-nail, or handle of the knife, and the 
aneurism needle should he introduced on the inner side, between the artery and vein. 

_ Collateral Curculation.—-The principal anastomoses in carrying on the collateral 
circulation, after the application of a ligature to the external iliac, are: the ilio-lumbar 
with the circumflex iliac; the gluteal with the external circumflex; the obturator with 
the internal circumflex ; the sciatic with the superior perforating and circumflex branches 
of the profunda artery ; and the internal pudic with the external pudic. When the 
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obturator arises from the epigastric, it is supplied with blood by branches, either from the 
internal iliac, the lateral sacral, or the internal pudic. The epigastric receives its supply 
from the internal mammary and inferior intercostal arteries, and from the internal iliac 
by the anastomoses of its branches with the obturator.” 


Branches.—Besides several small branches to the Psoas muscle and the 
neighbouring lymphatic glands, the external iliac gives off two branches of 
considerable size, the 


Deep epigastric and Deep circumflex iliac. 


The deep epigastric artery arises from the external iliac, a few lines above 
Poupart’s ligament. It at first descends to reach this ligament, and then ascends 
obliquely along the inner margin of the internal abdominal ring, between the 
transversalis fascia and peritoneum; continuing its course upwards, it pierces 
the transversalis fascia, and, passing over the semilunar fold of Douglas, enters 
the sheath of the Rectus muscle. It then ascends on the posterior surface of the 
muscle, and finally divides into numerous branches, which anastomose, above 
the umbilicus, with the superior epigastric branch of the internal mammary and 
with the inferior intercostal arteries (fig. 494). The deep epigastric artery bears 
a very important relation to the internal abdominal ring as it passes obliquely 
upwards and inwards from its origin from the external iliac. In this part of its 
course it lies along the lower and inner margin of the ring, and beneath the 
commencement of the spermatic cord. As it passes to the inner side of the 
internal abdominal ring, it is crossed by the vas deferens in the male and the 
round ligament in the female. 

The branches of this vessel are the following: the cremasteric, which accom- 
panies the spermatic cord, and supplies the Cremaster muscle and other coverings 
of the cord, anastomosing with the spermatic artery (in the female it is very 
small and accompanies the round ligament); a pubic branch, which runs along 
Poupart’s ligament, and then descends behind the os pubis to the inner side of 
the femoral ring, and anastomoses with offsets from the obturator artery ; 
muscular branches, some of which are distributed to the abdominal muscles and 
peritoneum, anastomosing with the lumbar and circumflex iliac arteries: others 
perforate the tendon of the External oblique, and supply the integument, 
anastomosing with branches of the superficial epigastric. 


Peculiarities.—The origin of the deep epigastric may take place from any part of the 
external iliac between Poupart’s ligament and a point two inches and a half above it; or 
it may arise below this ligament, from the common femoral, or from the deep femoral. 

Union with branches.—The deep epigastric frequently arises from the external iliac, 
by a common trunk with the obturator. Sometimes it arises from the obturator, the 
latter vessel being furnished by the internal iliac, or it may be formed of two branches, 
one derived from the external iliac, the other from the internal iliac. 

Surgical Anatomy.—The deep epigastric artery follows a line drawn from the middle 
of Poupart’s ligament towards the umbilicus ; but shortly after this line crosses the linea 
semilunaris, the direction changes, and the course of the vessel is upwards along the line of 
junction of the inner with the outer two-thirds of the Rectus muscle. It has important 
surgical relations, and is one of the principal means, through its anastomosis with the 
internal mammary, of establishing the collateral circulation after ligature of either the 
common or external iliac arteries. It lies close to the internal abdominal ring, and is 
therefore internal to an oblique inguinal hernia, but external to a direct inguinal hernia, 
as these emerge from the abdomen. It forms the outer boundary of Hesselbach’s triangle, 
and is in close relationship with the spermatic cord, which lies in front of it in the 
inguinal aa, separated only by the transversalis fascia. The vas deferens hooks round 
its outer side. 


The deep circumflex iliac artery arises from the outer side of the external 
iliac nearly opposite the deep epigastric artery. It ascends Ete outwards 
behind Poupart’s ligament, contained in a fibrous sheath formed by the junction 
of the transversalis and iliac fascism, to the anterior superior spinous process of 
the ilium, where it anastomoses with the ascending branch of the external 
circumflex artery. It then passes along the inner surface of the crest of the illum 
to about its middle, where it pierces the Transversalis, and runs backwards 


* Sir Astley Cooper describes in vol. i. of the Guy’s Hospital Reports the dissection of 
a limb eighteen years after successful ligature of the external iliac artery. 
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n that muscle and the Internal oblique, to anastomose with the ilio- 
ee and gluteal arteries. Opposite the anterior superior spine ‘i ime n 
it gives off a large branch, which ascends between the Internal oblique g 
Transversalis muscles, supplying them, and anastomosing with the lumbar an 
epigastric arteries. 


ARTERIES OF THE LOWER EXTREMITY 


The artery which supplies the greater part of the lower extremity 1s the 
direct continuation of the external iliac. It continues as a single trunk from 
Poupart’s ligament to the lower border of the Popliteus muscle, where it divides 
into two branches, the anterior and posterior tibial, an arrangement exactly 
similar to that which occurs in the upper limb. For convenience of description, 
the upper part of the main trunk is named femoral, the lower part popliteal. 


FEMORAL ARTERY (fig. 509) 


The Femoral artery commences immediately behind Poupart’s, ligament, 
midway between the anterior superior spine of the ilium and the symphysis 
pubis, and passing down the front and inner side of the thigh, terminates at the 
opening in the Adductor magnus, at the junction of the middle with the lower 
third of the thigh, where it becomes the popliteal artery. The vessel, at the 
upper part of the thigh, lies in front of the hip-joint, just on a line with the 
innermost part of the head of the femur; in the lower part of its course it lies 
to the inner side of the shaft of the bone, and between these two parts, the vessel 
is some distance from the bone. In the upper third of the thigh it is contained 
in a triangular space, called Scarpa’s triangle; and in the middle third of the 
thigh, in an aponeurotic canal, called Hunter's canal. 

Scarpa'’s Triangle.—Scarpa’s triangle corresponds to the depression seen 
immediately below the fold of the groin. Its apex is directed downwards, and 
the sides are formed externally by the Sartorius, internally by the inner margin 
of the Adductor longus, and above by Poupart’s ligament. The floor of the 
space is formed from without inwards by the Iliacus, Psoas, Pectineus (in some 
cases a small part of the Adductor brevis), and the Adductor longus muscles ; 
and it is divided into two nearly equal parts by the femoral vessels, which extend 
from near the middle of its base to its apex: the artery giving off in this situation 
its cutaneous and profunda branches, the vein receiving the deep femoral and 
internal saphenous. On the outer side of the femoral artery is the anterior crural 
nerve dividing into its branches. Besides the vessels and nerves, this space 
contains some fat and lymphatics. 

Hunter's Canal.—This is an aponeurotic tunnel in the middle third of the 
thigh, extending from the Sg of Scarpa’s triangle to the femoral opening in 
the Adductor magnus muscle. It is bounded, in front and externally, by the 
Vastus internus; behind, by the Adductores longus and magnus muscles ; and 
covered in by a strong aponeurosis which extends from the Vastus internus, 
across the femoral vessels to the Adductores longus and magnus ; lying on the 
aponeurosis is the Sartorius muscle. It contains the femoral artery and vein 
enclosed in their own sheath of areolar tissue, the vein being behind and on the 
outer side of the artery, and the internal or long saphenous nerve lying at first 
on the outer side and then in front of the vessels. 

For convenience of description and also in reference to its surgical anatomy, 
the femoral artery is divided into a short trunk, about an inch and a half or 
two inches in length, which is known as the common femoral artery, while the 
remainder of the vessel is termed the superficial femoral, to distinguish it from 
the deep femoral (profunda femoris), a large branch given off from the common 
femoral at its termination, and which by its derivation from the parent trunk 
marks the commencement of the superficial femoral artery. 

The common femoral artery is very superficial, being covered by the skin and 
superticial fascia, superficial inguinal lymphatic glands, and the iliac portion of 
the fascia lata. It has, in front, filaments from the crural branch of the genito- 
crural nerve, the superficial circumflex iliac vein, and occasionally the superficial 
epigastric vein. Above, it rests on the inner margin of the Psoas muscle, 
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which separates it from the capsular ligament of the hip-joint, and below on 
the Pectineus muscle; crossing behind it is the branch to the Pectineus from 
the anterior crural nerve. Separating the artery from the Pectineus muscle 
is the pubic portion of the fascia lata. The anterior crural nerve lies about half 
an inch to the outer side of the common femoral artery, being separated from 


Fig. 509.—The femoral artery. 
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it by a small part of the Psoas muscle. To the inner side of the artery 
is the femoral vein, between the margins of the Pectineus and Psoas muscles. 
The two vessels are enclosed in a strong fibrous sheath, the femoral sheath, the 
anterior part of which is formed by a prolongation downwards of the fascia trans- 
versalis, the posterior part by a similar prolongation of the fascia iliaca; the artery 
and vein are separated, however, from one another by a thin fibrous partition. 
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PLAN OF THE RELATIONS OF THE COMMON FEMORAL ARTERY 


In front. 


Skin and superficial fascia. 
Superficial inguinal glands. 

Iliac portion of fascia lata. 

Anterior part of femoral sheath. 
Crural branch of genito-crural nerve. 
Superficial circumflex iliac vein. 
Superficial epigastric vein. 








à Outer side. 

Small part of Psoas muscle, 
separating the artery from 
the anterior crural nerve. 


Common 
Femoral 
Artery. 


Inner side. 
Femoral vein. 


Behind. 


Posterior part of femoral sheath. 
Pubic portion of fascia lata. 
Nerve to Pectineus. 

Psoas muscle. 

Pectineus musele, 

Capsule of hip-joint. 


The superficial femoral artery is only superficial where it lies in Scarpa’s 
triangle. Here it is covered by the skin, superficial and deep fascia, and is crossed 
at the apex of the triangle by the internal cutaneous branch of the anterior 
crural nerve. In Hunter's canal it is more deeply seated, being covered by the 
integument, the superficial and deep fascia, the Sartorius and the aponeurotic 
covering of the canal; the long saphenous nerve crosses the artery from 
without inwards. In Scarpa’s triangle the artery lies on the femoral vein and 
the profunda artery and vein, which separate it from the Pectineus muscle; in 
Hunter's canal it rests on the Adductor longus and Adductor magnus muscles. 
To the outer side, above, are the long saphenous nerve and the Vastus internus 
muscle with its nerve-supply, and, below, the femoral vein. To the inner side is 
the Adductor longus above, and the Adductor magnus and Sartorius below. 


PLAN OF THE RELATIONS OF THE SUPERFICIAL FEMORAL ARTERY 


In front. 


Skin, superficial and deep fasciz. 
Internal cutaneous nerve. 

Sartorius.. 

Aponeurotic covering of Hunter’s canal. 
Long saphenous nerve. 


Inner side. Outer side. 
Adductor longus. Superficial Long saphenous nerve. 
Adductor EAAS lary, l : ae to Vastus internus. 
Sartorius. astus internus. 





Femoral vein (below). 


Behind. 


Femoral vein (above). 
Profunda artery and vein. 
Pectineus muscle, 
Adductor longus. 
Adductor magnus, 


The femoral vein at Poupart’s ligament lies close to the in 
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triangle, the vein is behind the arter , : ; 
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_ The long saphenous nerve is situated on the outer side of the artery, in the 
middle third of the thigh, beneath the aponeurotic covering of Hunter's canal ; 
but not usually within the sheath of the vessels. The internal cutaneous nerve 
passes from without inwards across the sheath of the femoral artery at the 
apex of Scarpa’s triangle. 





Peculiarities.—Double femoral rewnited.—Several cases are recorded in which the 
femoral artery divided into two trunks below the origin of the profunda, and became 
reunited near the opening in the Adductor magnus, so as to form a single popliteal artery. 
One of them occurred in a patient operated upon for popliteal aneurism. 

Change of Position.—A few cases have been recorded in which the femoral artery 

- was situated at the back of the thigh, the vessel being continuous above with the internal 
iliac, escaping from the pelvis through the great sacro-sciatic foramen, and accompanying 
the great sciatic nerve to the popliteal space, where its division occurred in the usual 
manner. The external iliac in these cases was small, and terminated in the profunda. 

Position of the Vein.—The femoral vein is occasionally placed along the inner side of 
the artery, throughout the entire extent of Scarpa’s triangle ; or it may be split so that a 
large vein is placed on each side of the artery for a greater or less distance. 

Origin of the Profunda.—This vessel sometimes arises from the inner side, and, 
more rarely, from the back of the common trunk; but a more important peculiarity, 
from a surgical point of view, is that which relates to the height at which the vessel arises 
from the femoral. In three-fourths of a large number of cases it arose between one 
and two inches below Poupart’s ligament; in a few cases the distance was less than an 
inch ; more rarely, opposite the ligament; and in one case above Poupart’s ligament, 
from the external iliac. Occasionally the distance between the origin of the vessel and 
Poupart’s ligament exceeds two inches, and in one case it was found to be as much as 
four inches. 

Surface Marking.—The upper two-thirds of a line drawn from a point midway between 
the anterior superior spine of the ilium and the symphysis pubis to the Adductor 
tubercle on the inner condyle of the femur, with the thigh abducted and rotated 
outwards, will indicate the course of the femoral artery. 

Surgical Anatomy.—Compression of the femoral artery, which is constantly requisite 
in amputations and other operations on the lower limb, and also for the cure of popliteal 
aneurism, is most effectually made immediately below Poupart’s ligament. In this 
situation the artery is very superficial, and is merely separated from the ascending ramus 
of the os pubis by the Psoas muscle; so that the surgeon, by means of his thumb or a 
compressor, may effectually control the circulation through it. This vessel may also be 
controlled in the middle third of the thigh by placing a compress over the artery, beneath 
the tourniquet, and directing the pressure from within outwards, so as to press the 
vessel against the inner side of the shaft of the femur. 

The superficial position of the femoral artery in Scarpa’s triangle renders it 
particularly liable to be injured in wounds, stabs, or gunshot injuries in the groin, On 
account of the close relationship between the artery and vein, the latter vessel is also 
liable to be wounded in these injuries, and thus, if the patient survives, lead to arterio- 
venous aneurism. In wounds of the femoral artery, the question of the mode of treat- 
ment is of considerable importance. If the wound in the superficial structures is a large 
one, the injured vessel must be exposed and tied; but if the wound is a punctured one and 
the bleeding has ceased, the question will arise whether to cut down upon the artery 
or to trust to pressure. Cripps* advises, that if the wound is in the ‘upper part of 
the thigh—that is to say, in a position where the femoral artery is comparatively 
superficial—the surgeon may enlarge the opening with a good prospect of finding the 
wounded vessel without an extensive or prolonged operation. If the wound be in the 
lower half of the thigh, owing to the greater depth of the artery, and the possibility of 
its being the popliteal that is wounded, the search is rendered a far more severe and 
hazardous operation, and it should not be undertaken until a thorough trial of pressure 
has proved ineffectual.’ 

Great care and attention are necessary for the successful application of pressure. The 
limb should be carefully bandaged from the foot upwards to the wound, which is not 
covered, and then onwards to the groin. The wound is then dusted with iodoform or 
boracic powder, and a conical pad applied over it. Rollers the thickness of the index 
finger are then placed along the course of the vessel above and below the wound, and the 
whole carefully bandaged to a back splint with a foot-piece. l 

The application of a ligature to the femoral artery may be required in cases of 
wound or aneurism of the popliteal or femoral, or arteries of the leg; t and the vessel 
may be exposed and tied in any part of its course. The great depth of this vessel at its 


* Heath’s Dictionary of Practical Surgery, vol. i. p. 525. 

t Ligature of the femoral artery has been also recommended and performed for 
elephantiasis of the leg and acute inflammation of the knee-joint.—Maunder, Clin. Soc. 
Trans. vol. if. p- 37» 
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wer vart, its close connection with important structures, and the density of its sheath, 
ong Nee ‘operation in this rari one of much greater difficulty than the application 

a ligature at its upper part, where it is more superiicial. — 
ii lata of the eo femoral artery is not regarded with much favour, on account 
of the near connection of large branches with it, viz. : the deep epigastric and the deep 
circumflex iliac arising just above Poupart’s ligament; on account of the number of small 
branches which arise from it, in its short course, and on account of the uncertainty of 
the origin of the profunda femoris, which, if it arise high up, would be too close to the 
ligature for the formation of a firm coagulum. It would appear, therefore, that the most 
favourable situation for the application of a ligature to the femoral is at the apex of Scarpa’s 
triangle. In order to expose the artery in this situation, an incision, between three and four 
inches long, should be made in the course of the vessel, the patient lying in the recumbent 
position, with the limb slightly flexed and abducted, and rotated outwards. A large vein 
is frequently met with, passing in the course of the artery to join the internal saphenous 
vein; this must be avoided, and the fascia lata having been cautiously divided, and the 
Sartorius exposed, that muscle must be drawn outwards, in order to expose fully the 
sheath of the vessels. The finger having been introduced into the wound, and the pulsa- 
tion of the artery felt, the sheath is opened on the outer side of the vessel to a sufficient 
extent to allow of the introduction of the aneurism needle, but no farther ; otherwise the 
nutrition of the coats of the vessel may be interfered with, or muscular branches which 
arise from the vessel at irregular intervals may be divided. In this part of the operation 
the long saphenous nerve and the nerve to the Vastus internus, which is m close relation 
with the sheath, should be avoided. The aneurism needle must be carefully introduced 
and kept close to the artery, to avoid the femoral vein, which lies behind the vessel in this 
part of its course. A 

To expose the artery, in Hunter’s canal, an incision between three and four inches 
in length should be made through the integument, a finger’s breadth internal to the 
line of the artery, so that the centre of the incision is in the middle of the thigh—ie. 
midway between the groin and the knee. The fascia lata having been divided, and the 
outer border of the Sartorius exposed, this muscle should be drawn inwards, when the 
strong fascia which is stretched across from the Adductors to the Vastus internus will be 
exposed, and must be freely divided ; the sheath of the vessels is now seen, and must be 
opened, and the artery secured by passing the aneurism needle between the vein and 
artery, in the direction from without inwards. The femoral vein in this situation lies on 
the outer side of the artery, the long saphenous nerve on its anterior and outer side. 

Ligature of the common femoral artery is a comparatively simple proceeding. 
With the limb slightly flexed, abducted and rotated outwards, an incision about three 
inches in length is made in the course of the artery; the upper end of the incision 
being slightly above Poupart’s ligament. The skin and superficial fascia having been 
divided, the iliac portion of the fascia lata is exposed and must be incised. This 
exposes the sheath of the vessels. A small opening must be made in this structure, and 
the aneurism needle passed from within outwards. 

It has been seen that the femoral artery occasionally divides into two trunks below the 
origin of the profunda. If, in the operation for tying the femoral, two vessels are met 
with, the surgeon should alternately compress each, in order to ascertain which vessel is 
connected with the aneurismal tumour, or with the bleeding from the wound, and that 
one only should be tied which controls the pulsation or hemorrhage. If, however, it is 
necessary to compress both vessels before the circulation in the tumour is controlled, both 
should be tied, as it would be probable that they became reunited, as in the instances 
referred to above. 

Collateral Circulatton.—After ligature of the femoral artery, the main channels for 
carrying on the circulation are the anastomoses between—(r1) the gluteal and sciatic branches 
of the internal iliac with the internal and external circumflex and superior perforating 
branches of the profunda femoris; (2) the obturator branch of the internal iliac with the 
internal circumflex of the profunda; (3) the internal pudic of the internal iliac with the 
superficial and deep external pudic of the common femoral; (4) the deep circumflex 
iliac of the external iliac with the external circumflex of the profunda and the superficial 
circumflex iliac of the common femoral; and (5) the sciatic and comes nervi ischiadici 
of the internal iliac with the perforating branches of the profunda. 


Branches.—The branches of the femoral artery are, the 


Superficial epigastric. _ | External circumflex. 
Superficial circumflex iliac. Profunda Internal circumflex. 
Superficial external pudic. Three perforating. 
Deep external pudic. Muscular. 


Anastomotica magna, 


* In Porta’s work (Alterazioni Patologiche delle Arterie, tab. xii. xiii.) there is a good 
representation of the collateral circulation after ligature of the femoral artery. 
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The superficial epigastric arises from the femoral, about half an inch below 
Poupart’s ligament, and, passing through the saphenous opening in the. fascia 
lata, by piercing the cribriform fascia, ascends on to the abdomen, in the super- 
ficial fascia covering the External oblique muscle, nearly as high as the umbilicus. 
It distributes branches to the superficial inguinal glands, the superficial fascia, 
and the integument, anastomosing with branches of the deep epigastric. 


Fie, 510.—Femoral artery and its branches. 
(From a preparation in the Museum of the Royal College of Surgeons of England.) 
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The superficial circumflex iliac, the smallest of the cutaneous branches, arises 
close to the preceding, and, piercing the fascia lata, runs outwards, parallel with 
Poupart’s ligament, as far as the crest of the ilium ; it divides into branches which 
supply’ the integument of the groin, the superficial fascia, and the superficial 
inguinal lymphatic glands, anastomosing with the deep circumflex iliac, and with 
the gluteal and external circumflex arteries. . 

The superficial external pudic (superior) arises from the inner side of the 
femoral artery, close to the preceding vessels, and, after passing through the 
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saphenous opening, courses inwards, across the spermatic cord or round ligament, 
sabe distributed # the integument on the lower part of the abdomen, the penis 
and scrotum in the male, and the labium in the female, anastomosing with 
branches of the internal pudic. 

The deep external pudi¢ (inferior), more deeply seated than the preceding, 
passes inwards across the Pectineus and Adductor longus muscles, covered by 
the fascia lata, which it pierces at the inner border of the thigh, its branches 
being distributed, in the male, to the integument of the scrotum and peringeum , 
and in the female to the labium, anastomosing with branches of the superficial 
perineal artery. 

The profanda femoris (deep femoral artery) (fig. 510) nearly equals the size 
of the superficial femoral. It arises from the outer and back part o the common 
femoral artery, from one to two inches below Poupart’s ligament. At first it lies 
on the outer side of the superficial femoral; it then runs behind it and the femoral 
vein to the inner side of the femur, and, passing downwards beneath the Adductor 
longus, terminates at the lower third of the thigh in a small branch, which 
pierces the Adductor magnus (and from this circumstance is sometimes called 
the fourth perforating artery), and is distributed to the Flexor muscles on the 
back of the thigh, anastomosing with branches of the popliteal and third 
perforating arteries. ; 

Relations. —Behind, it lies first upon the Tliacus, and then on the Pectineus, 
Adductor brevis, and Adductor magnus muscles. In front, it is separated from 
the superficial femoral artery by the femoral and profunda veins above, and by 
the Adductor longus below. On its outer side, the origin of the Vastus internus 
intervenes between it and the femur. 


PLAN OF THE RELATIONS OF THE PROFUNDA ARTERY 


In front. 


Superficial femoral artery. 
Femoral and profunda veins. 


Adductor longus. 
Outer side. re. 
Vastus internus. Femoris. 
Behind. 
Iliacus. 
Pectineus. 


Adductor brevis. 
Adductor magnus, 


The profunda gives off the following named branches : 


External circumflex. Internal circumflex. Four perforating. 


The external circumflex artery supplies the muscles on the front of the 
thigh. It arises from the outer side of the profunda, passes horizontally out- 
wards, between the divisions of the anterior crural nerve, and behind the Sartorius 
and Rectus muscles, and divides into ascending, transverse, and descending 
branches. 

The ascending branch passes upwards, beneath the Tensor fasciæ femoris 
muscle, to the outer side of the hip, and anastomoses with the terminal branches 
of the gluteal and deep circumflex iliac a:teries. 

The descending branch runs downwards, behind the Rectus, upon the Vasti 
muscles, to which it gives offsets; one long branch passes downwards in the 
vous oi = be as ie w and anes e with the superior external 
articular branch of the popliteal artery. Itis acc ) 
anterior crural nerve to iN Vastus a opel by A 
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The transverse branch, the smallest, passes outwards over the Crureus, 
pierces the Vastus externus, and winds round the femur, just below the great 
trochanter, ahastomosing at the back of the thigh with the internal circumflex, 
sciatic, and superior perforating arteries. 

The internal circumflex artery, smaller than the external, arises from the 
inner and posterior aspect of the profunda, and winds round the inner side of the 
femur, passing first between the Pectineus and Psoas muscles, and then between 
the Obturator externus and Adductor brevis. On reaching the upper border 
of the Adductor brevis, it gives off two branches, one of which passes inwards 
to be distributed to the Adduetor muscles, the Gracilis, and Obturator externus, 
anastomosing with the obturator artery; the other descends beneath the 
Adductor brevis, to supply it and the great Adduetor; while the continua- 
tion of the vessel passes backwards and divides into an ascending and o 
transverse branch (fig. 449). The ascending branch runs obliquely upwards 
upon the tendon of the Obturator externus and under cover of the Quadratus 
femoris towards the digital fossa, where it anastomoses with twigs from the 
gluteal and sciatic arteries. The transverse branch, larger than the ascending, 
appears between the Quadratus femoris and upper border of the Adductor 
magnus, anastomosing with the sciatic, external circumflex, and superior per- 
forating arteries (‘the crucial anastomosis’). Opposite the hip-joint, the artery 
gives off an articular vessel, which enters the joint beneath the - transverse 
ligament; and, after supplying the adipose tissue, passes along the round 
ligament to the head of the bone. 

The perforating arteries (fig. 508), usually four in number, are so named 
because they perforate the tendon of the Adductor magnus muscle to reach the 
back of the thigh. They pass backwards close to the linea aspera of the femur 
under cover of small tendinous arches in the Adductor magnus. The first is 
given off above the Adductor brevis, the second in front of that muscle, and the 
third immediately below it. 

The first perforating artery passes backwards between the Pectineus and. 
Adductor brevis (sometimes it perforates the latter) ; it then pierces the Adductor 
magnus close to the linea aspera. It gives off branches which supply the 
Adductor brevis, the Adductor magnus, the Biceps, and Gluteus maximus 
muscles, and anastomoses with the sciatic, internal and external circumflex, 
and middle perforating arteries. l 

The second -perforating artery, larger than the first, pierces the tendons of the 
Adductor brevis and Adductor magnus muscles, and divides into ascending and 
descending branches, which supply the flexor museles of the thigh, anastomosing 
with the first and third perforating. The second artery frequently arises in 
common with the first. The nutrient artery of the femur is usually given off 
from this branch. i P oe 

The third perforating artery is given off below the Adductor brevis ; it pierces 
the Adductor magnus, and divides into branches which supply the flexor muscles 
of the thigh; anastomosing above with the higher perforating arteries, and below 
with the terminal branches of the profunda and the muscular branches of the 
popliteal. E 

The fourth perforating artery is represented by the termination of the pro- 
funda femoris artery, already described. 

Muscular branches are given off from the superficial femoral throughout its 
entire course. They vary from two to seven in number, and supply chiefly the 
Sartorius and Vastus internus. : 

The anastomotica magna (fig. 511) arises from the femoral artery just before 
it passes through the tendinous opening in the Adductor magnus musele, and 
immediately divides into a superficial and deep branch. 

The superficial branch pierces the aponeurotic covering of Hunter's canal, 
and accompanies the long saphenous nerve to the inner side of the knee. It 
passes between the Sartorius and Gracilis muscles, and, piercing the fascia 
lata, is distributed to the integument of the upper and inner part of the leg, 
anastomosing with the inferior internal articular. am = 

The deep branch descends in the substance of the Vastus internus, lying in 
front of the tendon of the Adductor magnus, to the inner side of the knee, where 
it anastomoses with the superior internal articular artery and anterior recurrent 
branch of the anterior tibial. A branch from this vessel crosses outwards above 
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the articular surface of the femur, forming an anastomotic arch with the superior 
external articular artery, and supplying branches to the knee-joint. 


POPLITEAL ARTERY 
The Popliteal artery commences at the termination of the femoral at the open- 
ing in the Adductor magnus, and, passing obliquely downwards and outwards 


Fig. 511.—Side view of the popliteal artery. 
(From a preparation in the Museum of the Royal College of Surgeons of England.) 
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behind the knee-joint to the lower border of the Popliteus muscle, divides into 
the anterior and posterior tibial arteries. A portion of the artery lies in the 
popliteal space ; but it is covered above and below, to a considerable extent, by 


the muscles which form the boundaries of the space, and is therefore beyond the 
confines of the hollow. 
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THE PopriteaL Space (fig. 512) 


Dissection.—A vertical incision about eight inches in length should be made along the 
back part of the knee-joint; at its two extremities, transverse incisions should be carried 


from the inner to the onter side of the limb. 


The flaps of integument should be reflected Iie. 512.—The popliteal, posterior tibial, 


in the direction shown in fig. 447, page 552. 


Boundaries. — The popliteal space, 
or the ham, is a lozenge-shaped space, 
widest at the back part of the knee-joint, 
and deepest above the articular part of 
the femur. It is bounded externally, 
above the joint, by the Biceps, and, below 
the joint, by the Plantaris and external 
head of the Gastrocnemius; internally, 
above the joint, by the Semimembrano- 
sus, Semitendinosus, Gracilis, Sartorius, 
and the tendon of the Adductor magnus ; 
below the joint, by the inner head of the 
Gastrocnemius. 

Above, it is limited by the apposi- 
tion of the inner and outer hamstring 
muscles; below, by the junction of the 
two heads of the Gastrocnemius. The 
floor is formed by the lower part of 
the posterior surface of the shaft of the 
femur, the posterior ligament of the 
knee-joint, the upper end of the tibia, 
and the fascia covering the Popliteus 
muscle; the space is covered in by the 
fascia lata. 

Contents.—The popliteal space con- 
tains the popliteal vessels and nerves, 
together with the termination of the 
external saphenous vein, the lower part 
of the small sciatic nerve, the articular 
branch from the obturator nerve, a few 
small lymphatic glands, and a con- 
siderable quantity of loose adipose 
tissue. 

Position of contained parts. — The 
internal popliteal nerve descends in the 
middle line of the space, lying under the 
deep fascia and crossing the artery from 
without inwards. The external popli- 
teal nerve descends on the outer side 
of the upper part of the space, lying 
close to the tendon of the Biceps muscle. 
More deeply at the bottom of the space 
are the popliteal vessels, the vein lying 
superficial to the artery, to which it is 
closely united by dense areolar tissue ; 
the vein is a thick-walled vessel, and 
lies at first to the outer side of the 
artery, and then crosses it to gain the 
inner side below; sometimes it is double, 
the artery lying between two ven® 
comites, which are usually connected 
by short transverse branches. More 
deeply, and, at the upper part of the 
space, close to the surface of the bone, 
is the popliteal artery, and passing off 
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from it at right angles are its articular branches. The articular branch from 
the obturator nerve descends upon the popliteal artery to supply the knee ; 
and occasionally there is found deep in the space an articular filament from 
the great sciatic nerve. The popliteal lymphatic glands, four or five in number, 
surround the artery: one usually lies guperficial to the vessel ; another is 
situated between it and the bone; and the rest are laced on either side of it. 

The popliteal artery, in its course downwards from the aperture in the 
Adductor magnus to the lower border of the Popliteus muscle, rests first on the 
inner surface of the femur, and is then separated by a little fat from the popliteal 
surface of the bone ; in the middle of its course, it rests on the posieriog ligament 
of the knee-joint; and below, on the fascia covering the Popliteùs muscle. 
Superficially, it is covered above by the Semimembranosus ; in the middle of its 
course, by a quantity of fat, which separates it from the deep fascia and integu- 
ment: and below, it is overlapped by the Gastrocnemuius, Plantaris, and Soleus 
muscles, the popliteal vein, and the internal popliteal nerve. The popliteal 
vein, which is intimately attached to the artery, lies superficial and external 
to it above; it then crosses it and lies to its inner side. The internal popliteal 
nerve is still more superficial and external above, but below the joint it crosses 
the artery and lies on its inner side. Laterally, the artery is bounded by the 
muscles which are situated on either side of the popliteal space. 


PLAN OF THE RELATIONS OF THE PoPLITEAL ARTERY 
In front. 


Femur. 
Posterior ligament of knee. 
Fascia covering the Popliteus. 


a i Outer side. 
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Behind. 


Semimembranosus, 
Fascia. 

Poplhiteal vein. 

Internal popliteal nerve. 
Gastrocnemius, 
Plantaris. 

Soleus. 


Peculiarities in point of Division.—Occasionally the popliteal = Da 

ma ely ae er Ma this unacyel on rien mer Fes, tee 
e knee-joint. e anterior tibial under these cir : 
Popliteus musele. reumstances may pass in front of the 
nusual Branches.—The artery sometimes divides into the — 

peroneal, the posterior tibial being wanting, or very small. Osapaionilliy the hai 
found to divide into three branches, the anterior and posterior tibial, and peroneal 

Surface Marking.— The course of the upper part of the popliteal artery is inieaved 
by a line drawn from the outer border of the Semimembranosus muscle at the junction of 
the middle and lower third of the thigh—that is to say, from a point a little internal to 
the upper angle of the popliteal space—obliquely downwards to the middle of the popliteal 
apace exactly behind the knee-joint. From this point it passes vertically downwards to 
the ae of ee Fri jae ua part of the tubercle of the tibia, - 

urgwal Anatomy.—The popliteal artery is not infrequently PE 

may be torn by direct violence, as by the passage of a A e eae en ie, or b. 
hyperextension of the knee; and in the dead body, at all events, the middle and Pea] 
coats may be ruptured by extreme flexion, It may also be lacerated by fracture of the 
lower part of the shaft of the femur, or by antero-posterior dislocation of the knee-joint 
It has been torn in breaking down adhesions in cases of fibrous ankylosis of the i e 
and is in danger of being wounded, and in fact has been wounded, in performing 
Macewen’s operation of osteotomy of the lower end of the femur for genu a E 
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addition, Spencer records a case in which the popliteal artery was wounded from in front 
by a stab just below the knee, the knife passing through the interosseous space. The 
popliteal artery is more frequently the seat of aneurism than any other artery in the 
body, with the exception of the thoracic aorta. No doubt this is due in a great measure 
to the amount of movement to which it is subjected, and to the fact that it is supported by 
loose and lax tissue only, and not by muscles as is the case with most arteries. When 
the knee is acutely flexed, the popliteal artery becomes bent on itself to such an extent as 
to entirely arrest the circulation through it. 

Ligature of the popliteal artery is required in cases of wound of that vessel, but for 
aneurism of the posterior tibial, it is preferable to tie the superficial femoral. The 
popliteal may be tied in the upper or lower part of its course; but in the middle of the 
ham the operation is attended with considerable difficulty, from the great depth of the 
artery, and from the extreme degree of tension of the lateral boundaries of the space. 

In order to expose the vessel in the upper part of its course, the patient should be 
placed in the supine position, with the knee flexed and the thigh abducted and rotated 
outwards, so that it rests on its outer surface; an incision three inches in length, 
beginning at the junction of the middle and lower third of the thigh, is to be made 
parallel to and immediately behind the tendon of the Adductor magnus, and the skin, 
superficial and deep fascia divided. The tendon of the muscle is thus exposed, and is to 
be drawn forwards and the hamstring tendons backwards. A quantity of fatty tissue will 
now be opened up, in which the artery will be felt pulsating. This is to be separated 
with the point of a director until the artery is exposed. The vein and nerve will not be 
seen, as they lie to the outer side of the artery. The sheath is to be opened and the 
aneurism needle passed from before backwards, keeping its point close to the artery for 
fear of injuring the vein. The only structure to avoid is the long saphenous vein in the 
superficial incision. The upper part of the popliteal artery may also be tied by an incision 
on the back of the limb, along the outer margin of the Semimembranosus, but the 
operation is a more difficult one, as the internal popliteal nerve and the popliteal vein are 
first exposed, and great care has to be exercised in separating the vein from the artery. 

To expose the vessel in the lower part of its course, where the artery lies between the 
two heads of the Gastrocnemius, the patient should be placed in the prone position with 
the limb extended. An incision should then be made through the integument in the 
middle line, commencing opposite the bend of the knee-joint, care being taken to avoid 
the external saphenous vein and nerve. After dividing the deep fascia, and separating 
some dense cellular membrane, the artery, vein, and nerve will be exposed, descendin 
between the two heads of the Gastrocnemius. Some muscular branches of the poplitea 
should be avoided if possible, or, if divided, tied immediately. The leg being now flexed, 
in order the more effectually to separate the two heads of the Gastrocneimius, the nerve 
should be drawn inwards and the vein outwards, and the aneurism needle passed between 
the artery and vein from without inwards. 


Branches.—The branches of the popliteal artery are, the 


a Superior. Superior external articular. 
useular Inferior or Sural. Azygos articular. 
Cutaneous. Tetor internal articular. 
Superior internal articular. Inferior external articular. 


The superior muscular branches, two or three in number, arise from the 
upper part of the popliteal artery, and are distributed to the lower parts of 
the Adductor magnus and hamstring muscles; anastomosing with the fourth 
perforating branch of the profunda. l ba 

The inferior muscular (sural) are two large branches, which are distributed 
to the two heads of the Gastrocnemius and to the Plantaris muscle. They arise 
from the popliteal artery opposite the knee-joint. 

The eutaneous branches arise either from the popliteal artery or from some of 
its branches; they descend between the two heads of the Gastrocnemius muscle, 
and, piercing the deep fascia, are distributed to the integument of the calf. One 
branch usually accompanies the short, or external, saphenous vein. 

The superior articular arteries, two in number, arise one on each side of 
the popliteal, and wind round the femur immediately above its condyles to the 
front of the knee-joint. The internal branch runs inwards beneath the inner 
hamstring muscles, to which it supplies branches, above the inner head of the 
Gastrocnemius, and passing beneath the tendon of the Adductor magnus, divides 
into two branches, one of which supplies the Vastus internus, inosewlating with 
the anastomotica magna and inferior internal articular; the other ramifies close 
to the surface of the femur, supplying it and the knee-joint, and anastomosing 
with the superior external articular artery. The internal articular artery is 
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frequently of small size, a condition which is associated with an increase in the 
aize of the anastomotica magna. The external branch passes above the outer 
condyle, beneath the tendon of the Biceps, and divides into a superficial and. 
deep branch: the superficial branch 

Fig. 513.—Anterior tibial and dorsalis supplies the Vastus externus, and ana- 
pedis arteries. stomoses with the descending branch of 

the external circumflex, and the inferior 
external articular arteries; the deep 
branch supplies the lower part of the 
femur and knee-joint, and forms an 
anastomotic arch across the bone with 
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f Inferior opposite the bend of the knee-joint. It 
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in number, arise from the popliteal be- 
neath the Gastrocnemius. The internal 
one first descends along the upper 
margin of the Popliteus muscle, to which 
it gives branches; it then passes below 
the inner tuberosity of the tibia, beneath 
the internal lateral ligament, at the 
anterior border of which it ascends to 
the front and inner side of the joint, to 
supply the head of the tibia and the 
articulation of the knee, anastomosing 
with the inferior external articular and 
superior internal articular arteries. The 
external one runs outwards above the 
head of the fibula, to the front of the 
knee-joint, passing in its course beneath 
the outer ere of the Gastrocnemius, 
the external lateral ligament, and the 
tendon of the Biceps muscle, and divides 
into branches, which anastomose with 
the inferior internal articular artery, the 
superior external articular artery, and 

Mt, Internal the anterior recurrent branch of the 
RA malleolar  2Dterior tibial. 

\ Circumpatellar anastomosis.—Around 
«3 N and above the patella, and on the con- 
malleolar JF} Meet, Wo tiguous ends of the femur and tibia, is 

VP O A a large network of vessels, forming a 
superficial and deep plexus. The super- 
ficral plexus is situated between the 
fascia and skin round about the patella, 
and forms three well-defined arches : 
PAN | one, above the upper border of the pa- 

VA" Communi. tella, in the loose connective tissue over 

W cating the Quadriceps extensor muscle; the 
other two, below the level of the patella, 
are situated in the fat behind the liga- 
mentum patellæ. The deep plexus, which 
forms a close network of vessels, lies on 
the lower end of the femur and upper 
end of the tibia around their articular 
surfaces, and sends numerous offsets 
Into the interior of the joint. The 


h it 
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arteries from which this plexus is formed are the two internal and two external 
articular branches of the popliteal: the anastomotica magna; the deep branch 
of the profunda; the descending branch of the external circumflex, and the 
anterior recurrent branch of the anterior tibial. 


Anterior TIBIAL ARTERY (fig. 513) 


The Anterior Tibial artery commences at the bifurcation of the popliteal, at 
the lower border of the Popliteus muscle, passes forwards between the two heads 
of the Tibialis posticus, and through the large oval aperture above the upper 
border of the interosseous membrane, to the deep part of the front of the leg: it 
here lies close to the inner side of the neck of the fibula; it then descends on 
the anterior surface of the interosseous membrane, gradually approaching the 
tibia; and, at the lower part of the leg, lies on this bone, and then on the 
anterior ligament of the ankle, to the bend of the ankle-joint, where it lies more 
superficially, and becomes the dorsalis pedis. 

Relations.—In the upper two-thirds of its extent, the anterior tibial artery 
rests upon the interosseous membrane, to which it is connected by delicate 
fibrous arches thrown across. it; in the lower third, upon the front of the tibia, 
and the anterior ligament of the ankle-joint. In the upper third of its course, 
it lies between the Tibialis anticus and Extensor longus digitorum; in the 
middle third, between the Tibialis anticus and Extensor proprius hallucis. 
At the bend of the ankle, it is crossed by the tendon of the Extensor proprius 
hallucis, and lies between it and the innermost tendon of the Extensor longus 
digitorum. It is covered, in the upper two-thirds of its course, by the muscles 
which lie on either side of it, and by the deep fascia; in the lower third, by the 
integument, anterior annular ligament, and fascia. 

The anterior tibial artery is accompanied by two veins (venæ comites) which 
lie one on either side of the artery ; the anterior tibial nerve, coursing round the 
outer side of the neck of the fibula, comes into relation with the outer side of the 
artery shortly after it has reached the front of the leg ; about the middle of the 
leg it is placed superficial to it; at the lower part of the artery the nerve is 
generally again on the outer side. 


PLAN oF THE RELATIONS OF THE ANTERIOR ‘LIBIAL ARTERY 


In front. 


Integument, superficial and deep fascie. 

Anterior tibial nerve. 

en de digitoru a (overlap it in the upper part of the leg). 
Extensor proprius hallucis. 

Anterior annular ligament. 


Inner side. OMB cide 
Tibialis anticus. : Anterior tibial = 
Extensor proprius hallucis Anterior aii x 

(crosses its lower part Tibial. Extensor longus digitorum. 
face alae Serr Extensor proprius hallucis. 
Behind. 
Interosseous membrane. 


Tibia. 
Anterior ligament of ankle-joint. 

Peculiarities in Size-—This vessel may be diminished in size, may be deficient to a 
greater or less extent, or may be entirely wanting, its place being supplied by perforating 
branches from the posterior tibial, or by the anterior division of the peroneal artery. 

Course.—The artery occasionally deviates in its course towards the fibular side of the 
eg, regaining its usual position beneath the annular ligament at the front of the ankle. 
In two instances the vessel has been found to approach the surface in the middle of the 
leg, being covered merely by the integument and fascia below that point. 

Surface Marking.—Draw ẹa line from the inner side of the head of the fibula to a 
point midway between the two malleoli, In this line take a point an inch and a quarter 
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below the head of the fibula, and the portion of the line below this pomt will mark the 
se of the artery. aa ; 

i, ror eo anterior tibial artery is liable to be injured itd jitra of 
the lower third of the tibia, on account of its close proximity to the bone. ‘Lhe spplication 
of a ligature to the vessel is rarely required, except in cases of wound or for traumatic 
aneurism. The operation in the upper third of the leg 3s attended with greab difficulty, 
on account of the depth of the vessel from the surface. An Incision about four inches in 
length is made im the line of the artery, from the inner side of the head of the fibula to 
midway between the two malleoli; the incision commencing about a hand’s breadth 
below the level of the knee-joint. The skin and superticial structures having been 
divided and the deep fascia exposed, the wound must be carefully dried, its edges retracted, 
and the white line separating the Tibialis anticus fron the Extensor longus digitorum 
sought for. When this has been clearly defined, the deep fascia is to be divided in this 
line, and the Tibialis anticus separated from adjacent muscles with the handle of the 
scalpel or a director until the interosseous membrane is reached. The foot ts to be floxed 
in order to relax the muscles, and upon drawing them apart the artery will be found lying 
on the interosseous membrane with the nerve on its outer side or on the top of the artery. 
The nerve should be drawn outwards, and the venæ comites separated from the artery 
and the needle passed around it, À” 

To tie the vessel in the lower third of the leg above the ankle-joint, an incision about 
three inches in length should be made through the integument between the tendons of 
the Tibialis anticus and Extensor proprius hallucis mus¢les, the deep fascia being divided 
to the same extent. The tendon on either side should be retracted, when the vessel 


will be seen lying upon the tibia, accompanied by the ven comites, and with the nerve 
on the outer side. 


Branches.—The branches of the anterior tibial artery are, the 


Posterior recurrent tibial. Muscular. 
Superior fibular. Iniernal malleolar. 
Anterior recurrent tibial. External malleolar. 


The posterior recurrent tibial is not a constant branch, and is given off from 
the anterior tibial before that vessel passes through the interosseous space. It 
ascends in front of the Popliteus muscle, which it supplies, and anastomoses with 
the lower articular branches of the popliteal artery, giving off an offset to the 


+ 


superior tibio-fibular joint. 

The superior fibular is sometimes given off from the anterior tibial, some- 
times from the posterior tibial. It passes outwards, round the neck of the fibula, 
through the Soleus, which it supplies, and ends in the substance of the Peroneus 
longus muscle. 

The anterior recurrent tibial arises from the anterior tibial, as soon as that 
vessel has passed through the interosseous space ; it ascends in the Tibialis anticus 
muscle, and ramifies on the front and sides of the knee-joint, anastomosing 
with the articular branches of the popliteal, and with the anastomotica magna 
assisting in the formation of the circumpatellar plexus. 

The muscular branches are numerous: they are distributed to the muscles 
which lie on either side of the vessel, some piercing the deep fascia to supply the 
integumeni, others passing through the interosseous membrane, and anastomosing 
with branches of the posterior tibial and peroneal arteries, 

The malleolar arteries supply the ankle-joint. The internal arises about two 
inches above the articulation, and passes beneath the tendons of the Extensor 
proprius hallucis and Tibialis anticus, to the inner ankle, upon which it ramifies, 
anastomosing with branches of the posterior tibial and internal plantar arteries 
and with the internal caleanean from the posterior tibial. The external passes 
beneath the tendons of the Extensor longus digitorum and Peroneus tertius, and 
supplies the outer ankle, anastomosing with the anterior peroneal artery, and 
with ascending branches from the tarsal branch of the dorsalis pedis. h 


Doxsauis Panis ARTERY (fig. 512) 


The Dorsalis pedis, the continuation of the anterior 
from the bend of the ankle along the tibial side of the dorsum of the foot to the 
back part of the first intermetatarsal space, where it divides into two branches 
the dorsalis hallucis and communicating. 

Relations.—This vessel, in its course forwards, r 
ment of the ankle-joint, the astragalus, navicular, 


tibial, passes ferwards 


ests upon the anterior liga- 
and middie cuneiform bones, 
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and the ligaments connecting them, being covered by the integument and fascia, 
anterior annular ligament, and crossed near its termination by the innermost 
tendon of the Extensor brevis digitorum. On its tibial side is the tendon of the 
Extensor proprius hallucis; on its fibular side, the innermost tendon of the 
Extensor longus digitorum, and the termination of the anterior tibial nerve. It 
is accompanied by two veins, 


PLAN OF THE RELATIONS OF THE Dorsatis PEDIS ARTERY 


In front, 


Integument and fascia. 
Anterior annular ligament. 
Innermost tendon of Extensor brevis digitorum. 


we Fibular side. 
Tibtal side. pile wih 
Pedis. Extensor longus digitorum. 


Extensor proprius hallucis. Anterior tibial nerve 


Behind. 
Anterior ligament of ankle. 
Astragalus, | 
Navicular, and their ligaments. 


Middle cuneiform, 


Peculiarities in Size.—The dorsal artery of the foot may be larger than usual, to 
compensate for a deficient plantar artery; or it may be deficient in its terminal branches 
to the toes, which are then derived from the internal plantar; or its place may be 
supplied altogether by a large anterior peroneal artery. 

Position.—This artery frequently curves outwards, lying external to the line between 
the middle of the ankle and the back part of the first interosseous space. 

Surface Marking.—The dorsalis pedis artery is indicated on the surface of the dorsum 
of the foot by a line drawn from the centre of the space between the two malleoli to the 
back of the first intermetatarsal space. 

Surgical Anatomy.-This artery may be tied, by making an incision through the 
integument, between two and three inches in length, on the fibular side of the tendon of 
the Extensor proprius hallucis, in the interval between it and the inner border of the 
short Extensor muscle. ‘The incision should not extend farther forwards than the back 
part of the first intermetatarsal space, as the artery divides in that situation. The deep 
fascia being divided to the same extent, the artery will be exposed, the nerve lying upon 
its outer side. 


Branches.—-The branches of the dorsalis pedis are, the 


Tarsal. Dorsalis hallucis. 
Metatarsal--- Interosseous. Communicating. 


The tarsal artery arises from the dorsalis pedis, as that vessel crosses the 
navicular bone; it passes in an arched direction outwards, lying upon the tarsal 
bones, and covered by the Extensor brevis digitorum ; it supplies that muscle 
and the articulations of the tarsus, and anastomoses with branches from the 
metatarsal, external malleolar, peroneal, and external plantar arteries. 

The metatarsal artery arises a little anterior to the preceding ; it passes 
outwards, over the bases of the metatarsal bones, beneath the tendons of the 
short Extensor, its direction being influenced by its point of origin ; and it 
anastomoses with the tarsal and external plantar arteries. This vessel gives 
off three branches, the interosseous arteries, which run forwards upon the three 
outer Dorsal interossei muscles, and, in the clefts between the toes, divide into 
two dorsal collateral branches for the adjoining toes. At the back part of each 
interosseous space these vessels receive the posterior perforating branches from 
the plantar arch; and at the fore part of each interosseous space, they are 
joined by the anterior perforating branches, from the plantar digital arteries. 
The outermost interosseous artery gives off a branch which supplies the outer 
side of the little toe. 


712 THE BLOOD VASCULAR SYSTEM 


The dorsalis hallucis, or first dorsal interosseous artery, runs forwards along 
the outer border of the first metatarsal bone, and at the cleft between the in 
and second toes divides into two branches, one of which asses inwards, beneat 
the tendon of the Extensor proprius hallucis, and is distributed to the wr 
border of the great toe; the other bifurcates to supply the adjoining sides o 

reat and second toes. 

The communicating artery dips down into the sole of the foot, between the 
two heads of the First dorsal interosseous muscle, and inosculates with nae 
termination of the external plantar artery, to complete the plantar arch. A ere 
gives off its plantar digital branch, which is named the arteria magna ha is 
This artery passes forwards along the first interosseous space, and, after me ing 
a branch along the inner side of the great toe, bifurcates for the supply of the 
adjacent sides of the great and second toes. 


POSTERIOR TIBIAL ARTERY 


The posterior tibial is an artery of large size, which extends obliquely down- 
wards from the lower border of the Popliteus muscle, along the tibial side of the 
leg, to the fossa between the inner ankle and the heel, where it divides beneath 
the origin of the Abductor hallucis, on a level with a line drawn from the point 
of the internal malleolus to the centre of the convexity of the heel, into the 
internal and external plantar arteries. At its origin it lies opposite the interval 
between the tibia.and fibula; as it descends, it approaches the inner side of the 
leg, lying behind the tibia, and, in the lower part of its course, is situated midway 
between the inner malleolus and the tuberosity of the os calcis. — 

Relations.—The posterior tibial artery lies successively upon the Tibialis 
posticus, the Flexor longus digitorum, the tibia, and the back part of the ankle- 
joint. It is covered by the deep transverse fascia, which separates it above 
from the Gastrocnemius and Soleus muscles: at its termination it is covered by 
the Abductor hallucis muscle. In the lower third, where it is more superficial, 
it is covered only by the integument and fascia, and runs parallel with the 
inner border of the tendo Achillis. It is accompanied by two veins, and by 
the posterior tibial nerve, which lies at first to the inner side of the artery, 
but soon crosses it, and is, in the greater part of its course, on its outer side. 


PLAN OF THE RELATIONS OF THE POSTERIOR TIBIAL ARTERY 


In front. 
Tibialis posticus. 
Flexor longus digitorum. 
Tibia. 
Ankle-joint. 


Inner side. Outer side. 


Posterior tibial nerve, Tibial. Posterior tibial nerve, 
upper third. lower two-thirds. 


Posterior 





Behind. 


Integument and fascia. 
Gastrocnemius, 

Soleus. 

Deep transverse fascia. 
Posterior tibial nerve. 
Abductor hallucis. 


Behind the Inner Ankle, the tendons and blood-vessels are arranged, under 
cover of the internal annular ligament, in the following order, from within 
outwards: First, the tendons of the Tibialis posticus and Flexor longus digitorum, 
lying in the same groove, behind the inner malleolus, the former being the most 
internal. External to these is the posterior tibial artery, having a vein on either 


POSTERIOR TIBIAL ARTERY 713 


side; and, still more externally, the posterior tibial nerve. About half an inch 
nearer the heel is the tendon of the Flexor longus hallucis. 


Peculiarities in Size.—The posterior tibial is not infrequently smaller than usual, or 
absent, its place being supplied by a large peroneal artery, which passes inwards at the 
lower end of the tibia, and either joins the small tibial artery, or continues alone to the 
sole of the foot. 

Surface Marking.—The course of the posterior tibial artery is indicated by a line 
drawn from a point an inch below the centre of the popliteal space to midway between 
the tip of the internal malleolus and the centre of the convexity of the heel. 

Surgical Anatomy.—The application of a ligatwre to the posterior tibial may be 
required in cases of wound of the sole of the foot, attended with great hemorrhage, when 
the vessel should be tied at the inner ankle. In cases of wound of the posterior tibial, it 
will be necessary to enlarge the opening so as to expose the vessel at the wounded point, 
excepting where the vessel is injured by a punctured wound from the front of the leg. 
In cases of aneurism from wound of the artery low down, the vessel should be tied in the 
middle of the leg. But in aneurism of the posterior tibial high up, it would be better to 
tie the femoral artery. 

To tie the posterior tibial artery at the ankle, a semilunar incision, convex backwards, 
should be made through the integument, about two inches and a half in length, midway 
between the heel and inner ankle, or a little nearer the latter. The subcutaneous cellular 
tissue having been divided, a strong and dense fascia, the internal annular ligament, is 
exposed. ‘This ligament is continuous above with the deep fascia of the leg, covers the 
vessels and nerves, and is intimately adherent to the sheaths of the tendons. This 
having been cautiously divided upon a director, the sheath of the vessels is exposed, and, 
being opened, the artery is seen with one of the venæ comites on either side. The 
aneurism needle should be passed round the vessel from the heel towards the ankle, 
in order to avoid the posterior tibial nerve, care at the same time being taken not to 
include the vene comites. 

The vessel may also be tied in the lower third of the leg by making an incision about 
three inches in length, parallel with the inner margin of the tendo Achillis. The 
internal saphenous vein being carefully avoided, the two layers of fascia must be divided 
upon a director, when the artery is exposed along the outer margin of the Flexor longus 
digitorum, with one of its ven comites on either side, and the nerve lying external to it. 

Ligature of the posterior tibial in the middle of the leg is a very difficult operation, on 
account of the great depth of the vessel from the surface. The patient being placed in the 
recumbent position, the injured limb should rest on its outer side, the knee being partially 
bent, and the foot extended, so as to relax the muscles of the calf. An incision about 
four inches in length should then be made through the integument, a finger’s breadth 
behind the inner margin of the tibia, care being taken to avoid the internal saphenous 
vein. The deep fascia having been divided, the margin of the Gastrocnemius is exposed, 
and must be drawn aside, and the tibial attachment of the Soleus divided, a director 
being previously passed beneath it. The artery may now be felt pulsating beneath the 
deep fascia, about an inch from the margin of the tibia. The fascia having been divided, 
and the limb placed in such a position as to relax the muscles of the calf as much as 
possible, the veins should be separated from the artery, and the aneurism needle 
passed round the vessel from without inwards, so as to avoid wounding the posterior 
tibial nerve. 


Branches.—The branches of the posterior tibial artery are, the 


Peroneal. Muscular. 
Nutrient. Communicating. 
Internal caleanean. 


The Peroneal artery lies, deeply seated, along the back part of the fibular 
side of the leg. It arises from the posterior tibial, about an inch below the 
lower border of the Popliteus muscle, passes obliquely outwards to the fibula, 
and then descends along the inner border of that bone, contained in a fibrous 
canal between the Tibialis posticus and the Flexor longus hallucis, or in the 
substance of the latter muscle to the lower third of the leg, where it gives off the 
anterior peroneal. It then passes across the articulation between the tibia and 
fibula to the outer side of the os calcis, where it gives off its terminal branches, 
the external calcanean. 

Relations.—This vessel rests at first upon the Tibialis posticus, and then, 
for the greater part of its course, in a fibrous canal between the origins of the 
Flexor longus hallucis and Tibialis posticus, covered or surrounded by the fibres 
of the Flexor longus hallucis. It is covered, in the upper part of its course, by 
the Soleus and deep transverse fascia ; below, by the Flexor longus hallucis. 
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Prax or tHE RELATIONS OF THE PERONEAL ARTERY 


In front. 


Tibialis posticus. 
Flexor longus halluets, 


= 


Outer side. \ Inner side. 

; ! / Peronesl | : ; 
Fibula. Artery. j Flexor longus hallucis. 
Flexor longus hallucis. K j 

i 
— B p mi 
Behind. 
Soleus. 


Deep transverse fascia. 
Flexor longus hallucis. 


Peculiarities in Origin.—The peroneal artery may arise three inches below the 
Popliteus, or from the posterior tibial high up, or even from the popliteal. l 

Its size is more frequently increased than diminished; and then it either reinforces 
the posterior tibial by its junction with it, or altogether takes the place of the postertor 
tibial in the lower part of the leg and foot, the latter vessel only existing as a short 
muscular branch. In those rare cases where the peroneal artery is smaller than usual, a 
branch from the posterior tibial supplies its place ; and a branch from the anterior tibiai 
compensates for the diminished anterior peroneal artery. In one case the peroneal 
artery was entirely wanting. 

The anterior peroneal is sometimes enlarged, and takes the places of the dorsal artery 
of the foot. 


The branches of the peroneal are, the 


Muscular, Communicating, 
Nutrient. Posterior peroneal. 
Anterior peroneal, External caleanean, 


Muscular branches.---The peroneal artery, in its course, gives off branches to 
the Soleus, Tibialis posticus, Flexor longus hallucis, and Peronei muscles. 

The nutrient artery supplies the fibula. 

The anterior peroneal pierces the interosseous membrane, about two inches 
above the outer malleolus, to reach the front of the leg, and, passing down 
beneath the Peroneus tertius, to the outer ankle, ramifies on the front and outer 
side of the tarsus, anastomosing with the external malleolar and tarsal arteries. 

The communicating is given off from the peroneal about an inch from its 
lower end, and, passing inwards, joins the communicating branch of the posterior 
tibial. l 

The posterior peroneal passes down behind the cuter ankle to the back of the 
external malleolus, to terminate in branches which ramify on the outer surface 
and back of the os calcis, and anastomose with the external malleolar and 
tarsal arteries. 

The external calcunean are the terminal branches of the peroneal artery ; 
they pass to the outer side of the heel, and communicate with the external 
malleolar and, on the back of the heel, with the internal calcanean arteries. 

The nutrient artery of the tibia arises from the posterior tibial, near its 
origin, and after supplying a few muscular branches, enters the nutrient canal 
of that bone, which it traverses obliquely from: above downwards. This is the 
largest nutrient artery of bone in the body. 

The muscular branches of the posterior tibial are distributed to the Soleus 
and deep muscles along the back of the leg. 

The communicating branch runs transversely across the hack of the tibia, 
about. two inches above its lower end, beneath the Flexor longus hallucis, to join 
a similar branch of the peroneal. i 

The internal calcanean are several large arteries, which arise from the 
posterior tibial just before its division; they are distributed to the fat and 
integument behind the tendo Achillis and about the heel, and to the museles on 
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the inner side of the sole, anastomosing with the peroneal and internal malleolar 
and, on the back of the heel, with the external caleanean arteries. 

The Internal Plantar artery (figs. 514, 515), much smaller than the external, 
passes forwards along the inner side of the foot. It is at first situated above * 
the Abductor hallucis, and then between it and the Flexor brevis digitorum, 
both of which it supplies. At the base of the first metatarsal bone, where it 
is much diminished in size, it passes slong the inner border of the great toe, 
inosculating with its digital branch. Small superficial digital branches accom- 
pany the digital branches of the internal plantar nerve and join the plantar 
digital arteries of the three inner spaces. 

The External Plantar artery, much larger than the internal, passes obliquely 
outwards and forwards to the base of the fifth metatarsal bone. It then turns 
inwards to the interval between the bases of the first and second metatarsal 
bones, where it anastomoses with the communicating branch from the dorsalis 


Fire. §14.—The plantar arteries. Fie. 515.—The plantar arteries. 
Superficial view.- Deep view. 





Commumoating ) 
branch of 
dorsalis pedis | 
Its digital) 
branches 


Lat = 





pedis artery, thus completing the plantar arch. As this artery passes outwards, 
it is first placed between the os calcis and Abductor hallucis, and then between 
the Flexor brevis digitorum and Flexor accessorius; as it passes forwards to 
the base of the little toe, it lies more superficially between the Flexor brevis 
digitorum and Abductor minimi digiti, covered by the deep fascia and integu- 
ment. The remaining portion of the vessel is deeply situated ; it extends from 
the base of the metatarsal bone of the little toe to the back part of the first 
interosseous space, and forms the plantar arch ; it is convex forwards, lies upon 
the Interossei. muscles, opposite the tarsal ends of the metatarsal bones, and is 
covered by the Adductor obliquus hallucis, the flexor tendons of the toes, and 
the Lumbricales. 


Surface Marking.--The course of the internal plantar artery is represented by a line 
drawn from the mid-point between the tip of the internal malleolus and the centre of the 
convexity of the heol to the middle of the under surface of the great toe. The external 
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* This refers to the erect position of the body. In the ordinary position for dissection, 
the artery is deeper than the muscle. 
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Jantar by a line from the same point to within a finger’s breadth of the tuberosity of 
the fifth meal bone. The pistist arch is indicated by a line drawn from this point : 
i.e. a finger’s breadth internal to the tuberosity of the fifth metatarsal bone transversely 
across the foot to the back of the first interosseous space. l 

Surgical Anatomy.—Wounds of the plantar arch are always serious, on account of 
the depth of the vessel and the important structures which must be interfered with in 
an attempt to ligature it. ‘They must be treated on similar lines to those of wounds of 
the palmar arches (see page 670). Delorme has shown that it may be ligatured from 
the dorsum of the foot in almost any part of its course by removing & portion of one of 
the three middle metatarsal bones. 


Branches.—The plantar arch, besides distributing numerous branches to the 
muscles, integument, and fascise in the sole, gives off the following branches : 


Posterior perforating. Digital—Anterior perforating. 


The posterior perforating are three small branches, which ascend through the 
back part of the three outer interosseous spaces, between the heads of the Dorsal 
interossei muscles, and anastomose with the interosseous branches from, the 
metatarsal artery. 

The digital branches are four in number, and supply the three outer toes 
and half the second toe. The first passes from the outer side of the plantar 
arch, and is distributed to the outer side of the little toe, passing in its course 
beneath the Abductor and short Flexor muscles. The second, third, and fourth 
run forwards along the interosseous spaces, and on arriving at the clefts 
between the toes divide into collateral branches, which supply the adjacent 
sides of the three outer toes and the outer side of the second. Near to its point 
of bifurcation, each digital artery sends upwards, through the fore part of the 
corresponding interosseous space, a small branch, the anterior perforating artery, 
which inosculates with the corresponding interosseous branch of the metatarsal 
artery. 

Hho the arrangement already described of the distribution of the vessels 
to the toes, it will be seen that both sides of the three outer toes, and the outer 
side of the second toe, are supplied by branches from the plantar arch ; both 
sides of the great toe, and the inner side of the second, are supplied by the 
communicating branch of the dorsalis pedis. 


THE VEINS 


The veins are the vessels which serve to return the blood from the capillaries 
of the different parts of the body to the heart. They consist of two distinct sets 
of vessels, the pulmonary and systemic. 

The Pulmonary Veins are concerned in the circulation in the lungs. Unlike 
other vessels of this kind, they contain arterial blood, which they return from 
the lungs to the left auricle of the heart. 

The Systemic Veins are concerned in the general circulation; they return 
the venous blood from the body generally to the right auricle of the heart. 

The Portal Vein, an appendage to the systemic venous system, is confined 
to the abdominal cavity, and returns the venous blood from the spleen and the 
viscera of digestion to the liver. This vessel ramifies in the substance of the 
liver and breaks up into a minute network of capillaries. From these capillaries 
the blood is conveyed by the hepatic veins to the inferior vena cava. 

The veins, like the arteries, are found in nearly every tissue of the body. 
They commence by minute plexuses which receive the blood from the capillaries. 
The branches which have their commencement in these plexuses ‘unite together 
into trunks, and these, in their passage towards the heart, constantly increase in 
size as they receive tributaries, or join other veins. The veins are larger and 
altogether more numerous than the arteries ; hence, the entire capacity of the 
venous system is much greater than that of the arterial; the pulmonary veins, 
however, only slightly exceed in capacity the pulmonary arteries. Since the 
combined area of the smaller venous branches is greater than the maiz 
trunks, the venous system may be compared to a cone, the summit of which 
corresponds to the heart, its base to the circumference of the body. In form, 
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the veins are perfectly cylindrical like the arteries, their walls being collapsed 
when empty, and the uniformity of their surface being interrupted at intervals 
by slight constrictions, which indicate the existence of valves in their interior. 
They usually retain, however, the same calibre as long as they receive no 
branches. 

The veins communicate very freely with one another, especially in certain 
regions of the body ; and this communication exists between the larger trunks as 
well as between the smaller branches. Thus, in the cavity of the cranium, and 
between the veins of the neck, where obstruction would be attended with immi- 
nent danger to the cerebral venous system, we find that the sinuses and larger 
veins have large and very frequent anastomoses. The same free communication 
exists between the veins throughout the whole extent of the spinal canal, and 
between the veins composing the various venous plexuses in the abdomen and 
pelvis, as the spermatic, uterine, vesical, and prostatic. 

Veins have thinner walls than arteries, the difference in thickness being due 
to the smaller amount of elastic and muscular tissues. The superficial veins 
usually have thicker coats than the deep veins, and the walls of the veins of 
the lower limb are thicker than those of the upper. 

The minute structure of these vessels has been described in the section on 
General Anatomy. 

The systemic veins are subdivided into three sets, viz.: superficial and deep 
veins, and venous sinuses. 

The Superficial or Cutaneous Veins are found between the layers of the 
superficial fascia, immediately beneath the integument; they return the blood 
from these structures, and communicate with the deep veins by perforating the 
deep fascia. 

The Deep Veins accompany the arteries, and are usually enclosed in the 
same sheath with those vessels. With the smaller arteries—as the radial, 
ulnar, brachial, tibial, peroneal—they exist generally in pairs, one lying on each 
side of the vessel, and are called veng comites. The larger arteries—such as the 
axillary, subclavian, popliteal, and femoral—have usually only one accompanying 
vein. In certain organs of the body, however, the deep veins do not accompany 
the arteries: for instance, the veins in the skull and spinal canal, the hepatic 
veins in the liver, and the larger veins returning blood from the osseous tissue. 

Venous Sinuses are channels, which, in their structure and mode of distribu- 
tion, differ altogether from the veins. They are found only in the interior of 
the skull, and consist of canals formed by a separation of the two layers of 
the dura mater; their outer coat consisting of fibrous tissue, their inner of an 
endothelial layer continuous with the lining membrane of the veins. 


THE PULMONARY VEINS 


The Pulmonary Veins return the arterial blood from the lungs to the left 
auricle of the heart. They are four in number, two for each lung. The 
pulmonary differ from other veins in several respects: 1. They carry arterial 
instead of venous blood. 2. They are destitute of valves. 3. They are only 
slightly larger than the arteries they accompany. 4. A single vein accompanies 
each artery. They commence in a capillary network, upon the walls of the 
air-cells, where they are continuous with the capillary ramifications of the 
pulmonary artery, and, joining together, form one vessel for each lobule. These 
vessels, uniting successively, form a single trunk for each lobe, three for the 
right, and two for the left lung. The vein from the middle lobe of the right lung 
generally unites with. that from the upper lobe, forming two trunks from each 
lung, which perforate the pericardium and open separately into the upper and 
back part of the left auricle. Occasionally the three veins on the right side 
remain separate. Not infrequently, the two left pulmonary veins terminate by 
a common opening. a 

Within the lung, the branches of the pulmonary artery are in front, the veins 
behind, and the bronchi between the two. Pe 

At the root of the lung, the upper pulmonary vein lies in front and a little 
below the pulmonary artery ; the lower is situated below the other structures in 
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the lung root, and ona plane posterior to the upper vein. Behind the pulmonary 


artery is the bronchus. es ; 
Within the pericardium, their anterior surface is invested by the serous layer 


of this membrane. l i i : 
The right pulmonary veins pass behind the right auricle and superior vena 


cava ; the left in front of the thoracic aorta. 


THE SYSTEMIC VHINS 


The Systemic Veins may be arranged into three groups: 1. Those of the 
head and neck, upper extremity and thorax, which terminate in the superior vena 
cava 2. Those of the lower extremity, abdomen, and pelvis, which terminate in 
the inferior vena cava. 3. The cardiac veins, which open into the right auricle 
of the heart. 


VEINS OF THE HEAD AND NECK 


The Veins of the Head and Neck may be subdivided into three groups: 
1, The veins of the exterior of the head and face. 2. The veins of the neck. 
3. The veins of the diploé and the interior of the cranium. 
VEINS OF THE Exrerror oF THE Heap anb FACE 


The veins of the exterior of the head and face are, the 


Frontal. Temporal. 

Supra-orbital. Internal maxillary. 

Angular. Temporo-maxillary. 

Facial. Posterior auricular. 
Occipital. 


The Frontal vein commences on the anterior part of the skull by a venous 
plexus which communicates with the anterior tributaries of the temporal vein. 
The veins converge to form a single trunk, which runs downwards near the 
middle line of the forehead parallel with the vein of the opposite side, the two 
veins being joined at the root of the nose, by a transverse branch, called the 
nasal arch. Occasionally the frontal veins join to form a single trunk, which 
bifurcates at the root of the nose into the two angular veins. At the root of the 
nose the veins diverge, and join the supra-orbital vein, at the inner angle of the 
orbit, to form the angular vein. l 

The Supra-orbital vein commences on the forehead, communicating with the 
anterior temporal vein, and runs downwards and inwards, superficial to the 
Occipito-frontalis muscle, receiving tributaries from the neighbouring structures, 
and joins the frontal vein at the inner angle of the orbit to form the angular 
vein. Previous to its junction with the frontal vein, it sends a branch through 
the supra-orbital notch into the orbit, which communicates with the ophthalmic 
vein. As this vessel passes through the notch, it receives a diploic vein from 
the diploé of the frontal bone, which emerges through a foramen at the bottom 
of the notch. 

The Angular vein formed by the junction of the frontal and supra-orbital 
veins runs obliquely downwards and outwards, on the side of the root of the 
nose, to the level of the lower margin of the orbit, where it becomes the facial 
vein. It receives the veins of the ala nasi on its inner side, and the superior 
palpebral veins on its outer side ; it moreover communicates with the ophthalmic 
vein, thus establishing an important anastomosis between this vessel and the 
cavernous sinus. Some small veins from the dorsum of the nose terminate in 
the nasal arch. | 

‘The Facial vein commences at the side of the root of the nose, being a direct 
continuation of the angular vein. It lies behind and follows a less tortuous 
course than the facial artery. It passes obliquely downwards and outwards 
beneath the Zygomaticus major and minor muscles, descends along the anterior 
border of the Masseter, crosses over the body of the lower jaw, with the facial 
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artery, and, passing obliquely cutwards and backwards, beneath the Platysma 
and cervical fascia superficial to the submaxillary gland, unites with the anterior 
division of the temporo-maxillary vein to form a trunk of large size (common 
facial vein) which enters the internal jugular. From near its termination a 
communicating branch often runs down the anterior border of the Sterno-mastoid 
to join the lower part of the anterior jugular. 

Tributaries.—The facial vein receives, near the angle of the mouth, a com- 
municating tributary of considerable size (the deep facial or anterior internal 


iia. 516,—Veins of the head and neck. 
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maxillary vein) irom the pterygoid ‘plexus. It As also joined by the inferior 
palpebral, the superior and inferior labial veins, the buccal veins from the cheek, 
and the masseteric veins. Below the jaw it receives the submential ; the inferior 
palatine, which returns the blood from the plexus around the tonsil and soft 
palate; the submaxillary vein, which commences in the submaxillary gland ; 
and, generally, the ranine vein. 


Surgical Ancuteomy.-—There are some points about the facial vein which render it of 
great importance in surgery. It is not so flaccid as are most superficial veins, and, in 
consequence of this, reruains moro patent when divided. It has, moreover, no valves. It 
communicates freely with the intracranial circulation, not only at its commencement by 
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its tributaries, the angular and supra-orbital veins, communicating with the ophthalmic 
vein, a tributary of the cavernous sinus, but also by its deep branch, which communicates 
through the pterygoid plexus with the cavernous sinus by branches which pass through 
the foramen ovale and foramen lacerum medium (see page 729). These facts have an 
important bearing upon the surgery of some diseases of the face; for on account of 
its patency the facial vein favours septic absorption, and therefore any phlegmonous 
inflammation of the face following a poisoned wound is liable to set up thrombosis in the 
facial vein, and detached portions of the clot may give rise to purulent foci in other parts 
of the body. And on account of its communications with the cerebral sinuses, these 
thrombi are apt to extend upwards into them, and so induce a fatal issue. 


The Temporal vein commences by a minute plexus on the side and vertex of 
the skull, which communicates with the frontal and supra-orbital veins in front, 
the corresponding vein of the opposite side, and the posterior auricular and 
occipital veins behind. From this network, anterior and posterior branches 
arise and unite above the zygoma, to form the trunk of the vein. This trunk 
is joined in this situation by a large vein, the middle temporal, which receives 
the blood from the substance of the Temporal muscle, and crossing the posterior 
root of the zygoma, enters the substance of the parotid gland, and unites with 
the internal maxillary vein to form the temporo-maxillary vein. 

Tributaries.—The temporal vein receives in its course some parotid veins, 
an articular branch from the temporo-mandibular joint, anterior auricular veins 
from the external ear, and a vein of large size, the transverse facial, from the 
side of the face. The middle temporal vein, previous to its junction with the 
temporal vein, receives a branch, the orbital vein, which is formed by some 
external palpebral branches, and passes backwards between the layers of the 
temporal fascia. 

The Pterygoid plexus is of considerable size, and is situated between the 
Temporal and External pterygoid, and partly between the two Pterygoid muscles. 
It receives branches which correspond with those of the internal maxillary artery. 
Thus it receives the middle meningeal veins, the deep temporal, the pterygoid, 
masseteric, buccal, alveolar, some palatine veins, and the inferior dental, and a 
branch which communicates with the ophthalmic vein through the spheno- 
maxillary fossa. This plexus communicates very freely with the facial vein; it 
also communicates with the cavernous sinus, by branches through the foramen 
Vesalii, foramen ovale, and foramen lacerum medium, at the base of the skull. 

The Internal maxillary vein is a short trunk which accompanies the first 
part of the internal maxillary artery. It is formed by a confluence of the veins 
of the pterygoid plexus, and passes backwards between the internal lateral liga- 
ment and the neck of the lower jaw, and unites with the temporal! vein, forming 
the temporo-maxillary vein. 

The Temporo-maxillary vein, formed by the union of the temporal and internal 
maxillary veins, descends in the substance of the parotid gland superficial to the 
external carotid artery but beneath the facial nerve, between the ramus of the 
jaw and the Sterno-mastoid muscle, and divides into two branches, an anterior, 
which passes inwards to join the facial vein, and a posterior, which is joined by 
the posterior auricular vein and becomes the external jugular. 

The Posterior auricular vein commences upon the side of the head, by a 
plexus which communicates with the tributaries of the temporal and occipital 
veins. Itdescends behind the external ear and joins the posterior division of the 
temporo-maxillary vein, to form the external jugular. This vessel receives the 
stylo-mastoid vein, and some tributaries from the back part of the external ear. 

The Occipital vein commences at the back part of the vertex of the skull, by 
a plexus, in a similar manner to the other veins. These unite and form a single 
vessel, which pierces the cranial attachment of the Trapezius and, dipping into 
the sub-occipital triangle, joins the deep cervical vein. Occasionally, instead of 
dipping into the sub-occipital triangle, it follows the course of the occipital - 
artery and terminates in the internal jugular; in other instances, it joins the 
posterior auricular and passes into the external jugular. As this vein passes 
across the mastoid portion of the temporal bone, it receives the mastoid vein, 
and thus establishes a communication with the lateral sinus. 
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VEINS OF THE NECK 


The veins of the neck, which return the blood from the head and face, are the 


External jugular. Anterior jugular. 
Posterior external jugular. Internal jugular. 
Vertebral. 


The External jugular vein receives the greater part of the blood from the 
exterior of the cranium and deep parts of the face, being formed by the junction 
of the posterior division of the temporo-maxillary with the posterior auricular 
vein. It commences in the substince of the parotid gland, on a level with the 
angle of the lower jaw, and runs perpendicularly down the neck, in the direction 
of a line drawn from the angle of the Jaw to the middle of the clavicle. In its 
course it crosses the Sterno-mastoid muscle, and in the subclavian triangle 
perforates the deep fascia, and terminates in the subclavian vein, on the outer 
side of or in front of the Scalenus anticus muscle. In the neck it is separated 
from the Sterno-mastoid by the investing layer of the deep cervical fascia, and 
is covered by the Platysma, the superficial fascia, and the integument. This 
vein crosses the superficial cervical nerve, and its upper half runs parallel with 
the great auricular nerve. The external jugular vein varies in size, bearing an 
inverse proportion to that of the other veins of the neck; it is occasionally 
double. It is provided with two pairs of valves, the lower pair being placed at 
its entrance into the subclavian vein, the upper pair in most cases about an inch 
and a half above the clavicle. The portion of vein between the two sets of valves 
is often dilated, and is termed the sinus. These valves do not prevent the 
regurgitation of the blood, or the passage of injection from below upwards.* 


Surgical Anatomy.—Venesection used formerly to be performed on the external 
jugular vein, but is now probably never resorted to. The anatomical point to be 
remembered in performing this operation is to cut across the fibres of the Platysma 
myoides in opening the vein, so that by their contraction they will expose the orifice in 
the vein and so allow the flow of blood. 


Tributaries.—This vein receives the occipital occasionally, the posterior 
external jugular, and, near its termination, the suprascapular, transverse cervical, 
and anterior jugular veins, and, in the substance of the parotid, a large branch 
of communication from the internal jugular. 

The Posterior external jugular vein commences in the occipital region and 
returns the blood from the integument and superficial muscles in the upper and 
back part of the neck, lying between the Splenius and Trapezius muscles. It 
runs down the back part of the neck, and opens into the external jugular just 
below the middle of its course. 

The Anterior jugular vein commences near the hyoid bone from the con- 
fluence of several superficial veins from the submaxillary region. It descends 
between the median line and the anterior border of the Sterno-mastoid, and, at 
the lower part of the neck, passes beneath that muscle to open into the termination 
of the external jugular, or, in some instances, into the subclavian vein (fig. 523). 
This vein varies considerably in size, bearing almost always an inverse proportion 
to the external jugular. Most frequently there are two anterior jugulars, a right 
and left: but sometimes only one. This vein receives some laryngeal veins, 
and occasionally a small thyroid vein. Just above the sternum, the two anterior 
jugular veins communicate by a transverse trunk, which receives tributaries from 
the inferior thyroid veins. It also communicates with the internal jugular. 
There are no valves in this vein. 

The Internal jugular vein collects the blood from the interior of the cranium, 
from the superficial parts of the face, and from the neck. It is directly continuous 
with the lateral sinus, and commences in the posterior compartment of the jugular 
foramen, at the base of the skull (fig. 521). At its origin it is somewhat dilated, 
and this dilatation is called the sinus, or bulb, of the internal jugular vein. It 
runs down the side of the neck in a vertical direction, lying at first on the outer 


* The student may refer to an interesting paper by Struthers, ‘On J ugular 
Venesection in Asphyxia, anatomically and experimentally considered, including the 
Demonstration of Valves in the Veins of the Neck,’ in the Edinburgh Medical Journal 
for November 1856. 
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side of the internal carotid, and then on the outer side of the common carotid, 
and at the root of the neck unites with the subclavian vein to form the innominate 
vein. The internal jugular vein, at its commencement, lies upon the Rectus 
capitis lateralis, and behind the internal carotid artery and the nerves passing 
through the jugular foramen ; lower down, the vein and artery lie upon the same 
plane, the glosso-pharyngeal and hypoglossal nerves passing forwards between 
them; the pneumogastric descends between and behind them in the same 
sheath, and the spinal accessory passes obliquely outwards, behind or in front of 
the vein. At the root of the neck the vein of the right side is placed at a little 
distance from the artery; on the left side, it usually lies over the artery at its 
lower part. The right internal jugular vein crosses the first part of the sub- 
clavian artery. The vein is of considerable size, but varies in different individuals, 
the left one being usually the smaller. It is provided with a pair of valves, which 
are placed at its point of termination, or from half to three-quarters of an inch 
above it. 

Tributaries.—The vein receives in its course the inferior petrosal sinus, the 
common facial, lingual, pharyngeal, superior and middle thyroid veins, and 
sometimes the occipital. At its point of junction with the common facial vein it 
becomes greatly increased in size. 

The inferior petrosal sinus leaves the skull through the anterior compartment 
of the jugular foramen, and joins the vein near its commencement. 

The lingual veins commence on the dorsum, sides, and under surface of the 
tongue, and, passing backwards, following the course of the lingual artery and 
its branches, terminate in the internal jugular. The ranine vein, a branch of 
considerable size, commencing below the tip of the tongue, may join the lingual ; 
generally, however, it passes backwards on the Hyo-glossus muscle in company 
with the hypoglossal nerve, and joins the facial. 

The pharyngeal vein begins in a minute plexus, the pharyngeal, at the 
back part and sides of the pharynx, and, after receiving meningeal tributaries, 
and the Vidian and spheno-palatiné veins, terminates in the internal jugular. 
It occasionally opens into the facial, lingual, or superior thyroid vein. 

The superior thyroid vein commences in the substance and on the surface 
of the thyroid gland, by tributaries corresponding with the branches of the 
superior thyroid artery, and terminates in the upper part of the internal jugular 
vein. It receives the superior laryngeal and crico-thyroid veins. 

The middle thyroid vein collects the blood from the lower part of the lateral 
lobe of the thyroid gland, and, being joined by some veins from the larynx and 
trachea, terminates in the lower part of the internal jugular vein. 

The facial and occipital veins have been described above. 


Surgical Anatomy.—The internal jugular vein occasionally requires ligature in cases 
_ of septic thrombosis of the lateral sinus from suppuration in the middle ear, in order to 
prevent septic emboli being carried into the general circulation. This operation has 
been performed recently in many cases, with the most satisfactory results. The cases are 
generally those of chronic disease of the middle ear, with discharge of pus which perhaps 
has existed for many years. The patient is seized with acute septic inflammation 
spreading to the mastoid cells, and, consequent on this, septic thrombosis of the lateral 
sinus extending to the internal jugular vein. Such cases are always extremely grave, for 
there is a danger of a portion of the septic clot being detached and causing septic 
embolism in the thoracic viscera. If the condition is suspected, the sinus should be at 
once explored by trephining at a point an inch behind the centre of the external auditory 
meatus and a quarter of an inch above Reid’s base line. The condition of the sinus is 
then investigated, and if it is found to be thrombosed, the surgeon should at once proceed 
to ligature the internal jugular vein, by an incision along the anterior border of the sterno- 
mastoid, the centre of which is on a level with the greater cornu of the hyoid bone. The 
vein should be ligatured in two places and divided between. After the vessel has been 
secured and divided, the lateral sinus is to he thoroughly cleared out, and by removin 
the ligature from the upper end of the divided vein, all septic clots removed by sora 


from the sinus through the vein. If hemorrhage occurs from the distal end of the sinus, 


it can be arrested by careful plugging with antiseptic gauze. The internal jugular vein 


is also surgically important, because it is surrounded b 

all y a large number of the d 
we of cervical lymphatic glands; and when these are onlar oi in tuberi or 
mal a disease, they are apt to become adherent to the vessel, rendering their removal 
difficult and often dangerous. The proper course to pursue in these cases is to. ligature 


the vessel ab . i : 
“on ee nore and below the glandular mass, and resect the included portion together 
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The Vertebral vein commences in the occipital region, by numerous small 
tributaries, from the intraspinal venous plexus, issuing from the spinal canal 
above the posterior arch of the atlas ; these unite with small veins from the deep 
muscles at the upper and back part of the neck, and form a vessel which passes 
cutwards and enters the foramen in the transverse process of the atlas, and 
descends, forming a dense plexus around the vertebral artery, in the canal 
formed by the teramina in the transverse processes of the cervical vertebre. 
This plexus unites at the lower part of the neck into one main trunk, which 
emerges from the foramen in the transverse process of the sixth cervical vertebra, 
and terminates at the root of the neck in the back part of the innominate vein 
near its crigin, its mouth being guarded by a pair of valves. On the right side, 
it crosses the fires part cf the subclavian artery. 

Tributaries.—The vertebral vein receives in its course a vein from the inside 
of the skull through the posterior condyloid foramen; muscular veins, from the 
museles in the prevertebral region ; dorsi-spinal veins, from the back part of 
the cervical portion of the spine; meningo-rachidian veins, from the interior of 


Fig. 517.—-Veins of the diploë as displayed by the removal of the outer table of the skull. 
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the spinat canal; the anterior and posterior vertebral veins; and close to its 
termination it is sometimes joined by a small vein from the first intercostal 
space which accompanies the superior intercostal artery. 

The anterior vertebral vein commences in a plexus around the transverse 
processes of the upper cervical vertebrae, descends in company with the ascend- 
ing cervical artery between the Scalenus anticus and Rectus capitis anticus 
major muscles, and opens into the vertebral vein Just before its termination. 

The posterior vertebral or deep cervical vein accompanies the profunda 
cervicis artery, lying between the Complexus and Semispinalis colli. It com- 
mences in the suboceipital region by communicating branches from the occipital 
vein and tributaries from the deep muscles at the back of the neck. It receives 
tributaries from the plexuses around the spinous processes of the cervical 
vertebrae, and terminates in the lower end of the vertebral vein. 


VEINS OF THE DIPLOË 


The diploé of the cranial bones is channelled in the adult by a number of 
tortuous canals, which are lined by a more or less complete layer of compact 
hissue. l l 

The veins they contain are large and capacious, their walls being thin, and 

342 


724 THE BLOOD VASCULAR SYSTEM 


formed only of endothelium resting upon a layer of elastic tissue, and they 
present, at irregular intervals, pouch-like dilatations, or culs-de-sac, which serve 
as reservoirs for the blood. These are the veins of the diploë ; they can only 
be displayed by removing the outer table of the skull. 

In adult life, as long as the cranial bones are distinct and separable, these 
veins are confined to the particular bones; but in old age, when the sutures are 
united, they communicate with each other, and increase in size. These vessels. 
communicate, in the interior of the cranium, with the meningeal veins, and with 
the sinuses of the dura mater ; and, on the exterior of the skull, with the veins 
of the pericranium. They are divided into the frontal, which opens into the 
supra-orbital vein by an aperture in the supra-orbital notch; the anterior 
temporal, which is confined chiefly to the frontal bone, and opens into one of the 
deep temporal veins, through an aperture in the great wing of the sphenoid; the 
nosterior temporal, which is situated in the parietal bone, and terminates in the 
ateral sinus by an aperture at the posterior inferior angle of the parietal bone ; 
and the occipital, the largest of the four, which is confined to the occipital bone, 
and opens either into the occipital vein, or internally into the lateral sinus or 
torcular Herophili. 


CEREBRAL VEINS 


The Cerebral veins are remarkable for the extreme thinness of their coats in 
consequence of the muscular tissue in them being wanting, and for the absence 
of valves. They pierce the arachnoid membrane, and the inner or meningeal 
layer of the dura mater, and open into the cranial venous sinuses. They may be 
divided into two sets: the superficial which are placed on the surface, and the 
deep veins which occupy the interior of the organ. 

The Superficial cerebral veins ramify upon the surface of the brain, being 
lodged in the sulci, between the convolutions, a few running across the convolu- 
tions. They receive branches from the substance of the brain, and are named, 
from the position they occupy, superior, median, and inferior cerebral veins. 

The superior cerebral veins, eight to twelve in number on each side, return 
the blood from the couvolutions on the superior surface of the hemisphere; they 
pass forwards and inwards towards the great longitudinal fissure, where they 
receive the median cerebral veins ; near their termination, they become invested 
with a tubular sheath of the arachnoid membrane, and open into the superior 
longitudinal sinus, in the opposite direction to the course of the current of 
the blood. 

The median cerebral veins return the blood from the convolutions of the 
mesial surface of the corresponding hemisphere; they open into the superior 
cerebral veins ; or occasionally into the inferior longitudinal sinus. 

The inferior cerebral veins ramify on the lower part of the outer and on the 
under surface of the cerebral hemisphere. Some, collecting tributaries from the 
under surface of the anterior lobes of the brain, terminate in the cavernous sinus. 
One vein of large size, the middle cerebral vein, commences on the surface of 
the temporal lobe, and, running along the fissure of Sylvius, opens into the 
cavernous sinus. Another large vein, the great anastomotic vein of Trolard 
connects the superior longitudinal and cavernous sinuses, by becoming con- 
tinuous above with one of the superior cerebral veins opening into the sinus, and 
below by joining the middle cerebral vein which opens into the cavernous sinus. 
A third vein, the posterior anastomotic vein of Labbé, connects the middle cerebral 
vein, and so the cavernous sinus, with the lateral sinus by coursing over the 
temporal lobe. Other inferior cerebral veins commence on the under surface of 
the base of the brain, and unite to form from three to five veins. which open into 
the superior petrosal and lateral sinuses from before backwards. 

The Deep cerebral, or ventricular veins (vene Galeni), are two in number. 
Each is formed by the union of two veins, the vena corporis striati, and the 
choroid vein. They run backwards, parallel with one another, ui: BRS g 
layers of the velum interpositum, and pass between the posterior extremity, or 
splenium, of the corpus callosum and the corpora quadrigemina, to enter 
the straight sinus. The two veins usually unite to form one, the vena magna 


Galeni, before opening into the straight sinus. Just before their union they 
receive the basilar vein. 


CEREBRAL VEINS 725 


The vena corporis striati commences in the groove between the corpus 
striatum and optic thalamus, receives numerous veins from both of these parts, 
and unites behind the anterior pillar of the fornix with the choroid vein, to form 
one of the venæ Galeni. 

The choroid vein runs along the whole length of the outer border of the 
choroid plexus, receiving veins from the hippocampus major, the fornix and 
corpus callosum, and unites, at the anterior extremity of the choroid plexus, with 
the vein of the corpus striatum. 

The Basilar vein commences at the anterior perforated space at the base of 

the brain by the union of a small anterior cerebral vein, which accompanies the 
anterior cerebral artery, with the deep Sylvian vein, which descends through the 
lower part of the Sylvian fissure. It passes backwards round the crus cerebri, 
receiving the inferior striate vein from the corpus striatum, interpeduncular 
veins from the interpeduncular space, ventricular veins from the middle cornu 
of the lateral ventricles, and tributaries from the uncinate convolution, and 
a the vein of Galen just before its junction with the vein of the opposite 
side. 
_ The Cerebellar veins occupy the surface of the cerebellum, and are disposed 
in two sets, superior and inferior. The superior pass partly forwards and 
inwards, across the superior vermiform process, to terminate in the straight 
sinus and the vense Galeni, partly outwards to the lateral and superior petrosal 
sinuses. The inferior cerebellar veins, of large size, terminate in the lateral, 
superior petrosal, and occipital sinuses. 


The perivascular lymphatics alluded to in the section on General Anatomy are 
especially found in connection with the vessels of the brain. These vessels are enclosed 
in a sheath, which acts as a lymphatic channel, through which the lymph is carried 
to the subarachnoid and subdural spaces, from which it is returned into the general 
circulation. 


SINUSES oF THE Dura MATER 


The sinuses of the dura mater are venous channels, analogous to the veins, 
situated between the two layers of the dura mater, and lined by endothelium 
continuous with that which lines the veins. They are fourteen in number, of 
which six are single and situated in the middle line; the other eight are disposed 
in four pairs, one sinus of each pair being placed on either side of the middle 
line. They may be divided into two sets: 1. Those situated at the upper and 
back part of the skull; 2. Those at the base of the skull. The former are, the 


Superior longitudinal sinus. Straight sinus. 
Inferior longitudinal sinus. Two lateral sinuses. 
Occipital sinus. 


The Superior longitudinal sinus occupies the attached margin of the falx 
cerebri. Commencing at the foramen cecum, through which it communicates 
by a small branch with the veins of the nasal fosse, it runs from before back- 
wards, grooving the inner surface of the frontal, the adjacent margins of the 
two parietal, and the superior division of the crucial ridge of the occipital bone ; 
near the internal occipital protuberance it deviates to one or other side (usually 
the right), and is continued as the corresponding lateral sinus. The sinus is 
triangular in form, narrow in front, and gradually increases in size as it passes 
backwards. On examining its inner surface, it presents the internal openings 
of the superior cerebral veins, which run, for the most part, from behind forwards, 
and open chiefly at the back part of the sinus, their orifices being concealed by 
fibrous folds; numerous fibrous bands (chorde Willisi) are also seen, extending 
transversely across the inferior angle of the sinus ; and, lastly, small openings 
which communicate with venous lacune in the dura mater, into which small 
white bodies, the glandule Pacchioni, project. This sinus receives the superior 
cerebral veins, numerous veins from the diploé and dura mater, and, at the 
posterior extremity of the sagittal suture, veins from the pericranium, which pass 
through the parietal foramina. 

The torcular Herophili, or confluence of the sinuses, is the term applied to 
the dilated extremity of the superior longitudinal sinus. It is of irregular forra, 
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and ig lodged on one side (generally the right) of the internal occipital pro- 
tnberance. From it the lateral sinus of the side to which it 1s deflected is 
derived. It receives also the blood from the occipital sinus, and is connected 
across the middle line with the commencement of the lateral sinus of the 


opposite side. 


Surgical Anatomy.—The numerous communications which take place between this 
sinus and the veins of the nose, scalp and diploé, cause it to be frequently the seat of 
infective thrombosis from suppurative processes in there parts. It is also sometimes 
the seat of a non-infective thrombosis in weak and debilitated individuals. 


The Inferior longitudinal sinus, more correctly described as the inferior 
longitudinal vein, is contained in the posterior half or two-thirds of the free 
inargin of the falx cerebri. It is of a cylindrical form, increases in size as it 
passes backwards, and terminates in the straight sinus. It receives several 
veins from the falx cerebri, and occasionally a few from the mesial surface of the 
hemispheres. 

The Straight sinus is situated at the line of junction of the falx cerebri 
with the tentorium. It is triangular in form, increases in size as it proceeds 
backwards, and runs obliquely downwards and backwards from the termination. 


Fra. 518.—Vertical section of the skull, showing the sinuses of the dura mater. 
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of the inferior longitudinal sinus to the lateral sinus of the opposite si 
that into which the superior longitudinal sinus is prolonged. ‘ poe gd 
communicates by a cross branch with the torcular Herophili. Besides the 
inferior longitudinal sinus, it receives the vena magna Galeni and the superior 
iar age aa _A few transverse bands cross its interior. - 
1e Lateral sinuses are of large size, and commence at the i ipi 

protuberance ; one, generally the right, being the direct A A 
superior longitudinal sinus, the other of the straight sinus. They pass outwards 
and forwards, describing a slight curve with its convexity upwards, to the base 
of the petrous portion of the temporal bone, being ‘situated, in this part of their 
course, In the attached margin of the tentorium cerebelli : they then leave the 
tentorium and curve downwards and inwards on each side to reach the jugular 
foramen, where they terminate in the internal jugular vein. Each ‘eer ae 
in its course, upon the inner surface of the occipital, the posterior inferior an le 
of the parietal, the mastoid portion of the temporal, and on the occipital nis 
pur Es ue a a ee are frequently of unequal size, that 
| e superior longitudinal sinus being the larger, and they iner 

p they proceed from behind forwards. The horizontal ie se is of a. 
oim, the curved portion semicylindrical. Their inner surface ig smooth, and 
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not crossed by the fibrous bands found in the other sinuses. They receive 
the blood from the superior petrosal sinuses at the base of the petrous portion 
of the temporal bone; they communicate with the veins of the pericranium 
by means of the mastoid and posterior condyloid veins, and they receive 
some of the inferior cerebral and inferior cerebellar veins, and some veins from 
the diploé. The petro-squamous sinus, when present, runs backwards along the 
junction of the petrous and squamous-temporal, and opens into the lateral 
sinus. 

The Occipital is the smallest of the cranial sinuses. It is generally single, 
but Shei there are two. It is situated in the attached margin of the 
falx cerebelli. It commences by several small veins around the margin of the 
foramen magnum, one of which joins the termination of the lateral sinus ; it 
communicates with the posterior spinal veins, and terminates in the torcular 
Herophili. 

The sinuses at the base of the skull are, the 


Two cavernous sinuses. Two superior petrosal sinuses. 
Circular sinus. Two inferior petrosal sinuses. 
Transverse sinus. 


The Cavernous sinuses are named from their presenting a reticulated structure, 
due to their being traversed by numerous interlacing filaments. They are two 
in number, of irregular form, larger behind than in front, and are placed one on 
each side of the body of the sphenoid, extending from the sphenoidal fissure 
to the apex of the petrous portion of the temporal bone ; they receive anteriorly 
the ophthalmic veins through the sphenoidal fissure, and open behind into the 


Fic. 519.—Plan showing the relative position of the structures in the right 
cavernous sinus, viewed from behind. 
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petrosal sinuses. On the inner wall of each sinus is found the internal carotid 
artery, accompanied by filaments of the carotid plexus and by the sixth nerve ; 
and on its outer wall, the third and fourth nerves, and the ophthalmic and 
superior maxillary divisions of the fifth nerve. These parts are separated from 
the blood flowing along the sinus by the lining membrane, which is continuous 
with the inner coat of the veins. The cavernous sinus receives some of the 
cerebral veins, and also a small sinus, the spheno-parietal, which extends inwards 
on the under aspect of the lesser wing of the sphenoid ; it communicates with 
the lateral sinus by means of the superior petrosal sinus, with the internal 
jugular vein through the inferior petrosa! sinus and through a plexus of veins 
on the petrous portion of the internal carotid artery, with the pterygoid venous 
plexus through the foramen Vesalii or foramen ovale, and with the angular 
vein through the ophthalmic vein. The two sinuses also communicate with each 
other by means of the circular sinus. 


Surgical Anatomy.—An arterio-venous communication may be established between the 
cavernous sinus and the internal carotid artery, as it lies in it, giving rise to a pulsating 
tumour in the orbit. These communications may be the result of injury, such as a bullet 
wound, a stab, or a blow or fall sufficiently severe to cause a fracture of the base of the 
skull in this situation; or they may occur idiopathically, from the rupture, of an aneurism 
or a diseased condition of the internal carotid artery. The disease begins with sudden 
noise and pain in the head, followed by exophthalmos, swelling and congestion of the lids 
and conjunctive, and development of a pulsating tumour at the margin of the orbit, with 
thrill and the characteristic bruit ; accompanying these symptoms there may be impair- 
ment of sight, paralysis of the iris and orbital muscles, and pain of varying intensity 
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In some cases the opposite orbit becomes affected by the passage of the arterial blood into 
the opposite sinus by means of the circular sinus. Or the arterial blood may find its way 
through the emissary veins (see page 729) into the pterygoid plexus, and thence into the 
veins of the face. Pulsating tumours of the orbit may also be due to tranmatic aneurism 
of one of the orbital arteries, and symptoms resembling those of pulsating tumour may 
be produced by pressure on the ophthalmic vein, as it enters the sinus, by an aneurism 
of the internal carotid artery. 


The Ophthalmic Veins are two in number, superior and inferior. 

The superior ophthalmic vein connects the angular vein at the inner angle 
of the orbit with the cavernous sinus; it pursues the same course as the 
ophthalmic artery, and receives tributaries corresponding to the branches derived 
from that vessel. Forming a short single trunk, it passes through the inner 
extremity of the sphenoidal fissure, and terminates in the cavernous sinus. 

The inferior ophthalmic vein receives the veins from the floor of the orbit, and 
either passes out of the orbit through the spheno-maxillary fissure to join the 


Fic. 520.—The sinuses at the base of the skull. 
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pterygoid plexus of veins; or else, passing backwards through the sphenoidal 
fissure, if enters the cavernous sinus, either by a separate opening, or, more 
requently in common with the superior ophthalmic vein. 

The Circular sinus is formed by two transverse vessels, the anterior and 
posterior intercavernous sinuses, which connect together the two cavernous 
sinuses; one passing in front and the other behind the pituitary body, and 
thus forming with the cavernous sinuses a venous circle around that body. The 
Sone one is usually the larger of the two, and one or other is occasionally 
absent, 

The Superior petrosal sinus is situated along the superior border of the 
petrous portion of the temporal bone, in the front part of the attached margin 
of the tentorium. It is small and narrow, and connects together the cavernous 
and lateral sinus, opening into the latter as it curves downwards on the inner 
surface of the mastoid part of the temporal bone. It receives some cerebellar 
and inferior cerebral veins, and veins from the tympanic cavity. 

The Inferior petrosal sinus is situated in the groove formed by the junction 
of the posterior border of the petrous portion of the temporal with the basilar 
process of the occipital. It commences in front at the termination of the 
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cavernous sinus, and, passing through the anterior compartment of the jugular 
foramen, joins the commencement of the internal jugular vein. The inferior 
petrosal sinus receives the veins from the internal ear and also veins from the 
medulla, pons, and under surface of the cerebellum. 

The exact relation of the parts to one another in the jugular foramen is as 
follows: the inferior petrosal sinus is in front, with the meningeal branch of the 
ascending pharyngeal artery, and is directed obliquely downwards and back- 
wards ; the lateral sinus is situated at the back part of the foramen with a 
meningeal branch of the occipital artery, and between the two are the glosso- 
pharyngeal, pneumogastric, and spinal accessory nerves. These three sets of 
structures are divided from each other by two processes of fibrous tissue. The 
junction of the inferior petrosal sinus with the internal jugular vein takes place 
superficial to the nerves, so that these latter lie a little internal to the venous 
channels in the foramen (see fig. 521). 


Fic. 521.—Relation of structures in jugular foramen. 





The Transverse sinus, or basilar sinus, consists of several interlacing veins 
between the layers of the dura mater over the basilar process of the occipital 
bone, which serve to connect the two inferior petrosal sinuses. They communicate 
with the anterior spinal veins. l 

Emissary veins.—The emissary veins are vessels which pass through apertures 
in the cranial wall and establish communications between the sinuses inside the 
skull and the veins external to it. Some of these are always present, others only 
occasionally so. They vary much in size in different individuals. The principal 
emissary veins are the following: 1. A vein, almost always present, which 
passes through the mastoid foramen and connects the lateral sinus with the 
posterior auricular or with an occipital vein. 2. A vein which passes through 
the parietal foramen and connects the superior longitudinal sinus with the veins 
of the scalp. 3. A plexus of minute veins which passes through the anterior 
condyloid foramen and connects the lateral sinus with the vertebral vein and 
deep veins of the neck. 4. An inconstant vein, which passes through the posterior 
condyloid foramen and connects the lateral sinus with the deep veins of the 
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neck. s5. One or two veins of considerable size, which pass through the foramen 
ovale and connect the cavernous sinus with the pterygoid and pharyngeal 
plexuses. 6. Two or three small veins which pass through the foramen lacerum 
medium and connect the cavernous sinus with the pterygoid and pharyngeal 
plexuses. 7. There is sometimes a small vein passing through the foramen of 
Vesalius connecting the same parts. 8. A plexus of veins passing through the 
carotid canal and connecting the cavernous sinus with the internal jugular vein. 
g. A vein passing through the foramen cecum which connects the longitudinal 
sinus with the veins of the mucous membrane of the nose. 


Surgical Anatomy.—These emissary veins are of great importance in surgery. In 
addition there are, however, other communications between the intra- and extra- 
cranial circulation. As, for instance, the communication of the angular and supra-orbital 
veins with the ophthalmic vein at the inner angle of the orbit (page 718), and the com- 
munication of the veins of the scalp with the diploic veins (page 724). Through these 
communications inflammatory processes commencing ou the outside of the skull may 
travel inwards, leading to osteo-phlebitis of the diploé and inflammation of the membranes 
of the brain. To this in former days was to be attributed one of the principal dangers of 
scalp wounds and other injuries of the scalp. 

Ry means of these emissary veins blood may be abstracted almost directly from the 
intracranial circulation. For instance, leeches applied behind the ear abstract blood 
almost directly from the lateral sinus, by means of the vein passing through the mastoid 
foramen. Again, epistaxis in children will frequently relieve severe headache, the blood 
which flows from the nose being derived from the longitudinal sinus by means of the vein 
passing through the foramen cecum, which is another communication between the intra- 
cranial and extra-cranial circulation, and is constantly found in children. 


VEINS OF THE UPPER EXTREMITY AND THORAX 


r The Veins of the Upper Extremity are divided into two sets, superficial and 
eep 


The Superficial veins are placed immediately beneath the integument between 
the two layers of superficial fascia. 


The Deep veins accompany the arteries, and constitute the venæ comites of 
those vessels. 


Both sets of vessels are provided with valves, which are more numerous in 
the deep than in the superficial. 


The superficial veins of the upper extremity are, the 


Superficial veins of the hand. Median. 
Anterior ulnar. Median cephalic. 
Posterior ulnar. Median basilic. 
Common ulnar. Basilic. 

Radial. Cephalic. 


The Superficial veins of the hand and fingers are principally situated on the 
dorsal surface, and form two plexuses, an inner and outer, on the back of the 
hand. The inner plexus is formed by the veins from the little finger, the ring 
finger, and the ulnar side of the middle finger ; from it the anterior and ‘posterior 
ulnar veins are derived. The outer plexus is formed by veins from the thumb 
the index finger, and radial side of the middle finger ; from it the radial vein is 
derived. These two plexuses communicate on the back of the hand, forming 
a superficial arch of veins in this situation. The superficial veins from the 
palm of the band form a plexus in front of the wrist. 

_, The Anterior ulnar vein commences on the anterior surface of the ulnar 
side of the hand and wrist, and ascends along the anterior surface of the ulnar 
side of the forearm to the bend of the elbow, where it joins with the posterior 
ulnar vein to form the common ulnar. Occasionally it opens separately into 


the median basilic vein. It communicates with b 3 : 
! a ranches of the m n vein i 
front, and with the posterior ulnar behind. tao mamin 


The Posterior ulnar vein commences on the ì 
i posterior surface of the ul 
side of the wrist. It runs on the posterior surface of the ulnar side vit ie 
forearm, and just below the elbow unites with t 


he anterior ulnar vei 
belor el vein to form 
the common ulnar, or else Joins the median basilic to form the basilic. It 
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communicates with the deep veins of the palm by a branch which emerges froin 
beneath the Abductor minimi digiti muscle. 

The Common ulnar is a short trunk bie. 522.—The superficial veins of 
which is not constant. When it exists the upper extremity. 
it is formed by the junction of the two 
preceding veins, and, passing upwards 
and outwards, joins the median basilic 
to form the basilic vein. When it does 
not exist, the anterior and posterior ulnar 
veins open separately into the median 
basilic vein. 

The Radial vein commences on the 
dorsal surface of the wrist, communica- 
ting with the deep veins of the palm by 
a branch which passes through the first 
interosseous space. It is a large 
vessel, which ascends along the radial 
side of the forearm, and receives nume- 
rous veins from both its surfaces. At 
the bend of the elbow it unites with the 
median cephalic toform the cephalic vein. 

The Median vein usually arises from 
the outer part of the dorsal plexus, near 
the base of the thumb. It turns. round 
the radial border of the wrist, ascends 
on the front of the forearm, and com- 
municates with the anterior ulnar and 
radial veins. At the bend of the elbow 
it receives a branch of communication 
from the deep veins, and divides into 
two branches, the median cephalic and : LS ( /nternat 
median basilic, which diverge from each Median cephatic AFANES EN | leneous 
other as they ascend. katernat’ ERCRASEZONER | Melian 

The Median cephalic, usually the cutaneous nerve T WANIA AA gasna 

smaller of the two, passes upwards and G ae 
outwards in the groove between the 
Brachio-radialis and Biceps muscles ; 
it crosses superficial to the musculo- 
cutaneous nerve, and joins with the 
radial to form the cephalic vein. The 
branches of the external cutaneous nerve 
pass beneath this vessel. 
_ The Median basilic vein passes ob- 
liquely inwards, in the groove between 
the Biceps and Pronator radii teres, and 
joins the common ulnar to form the 
basilic vein. This vein passes in front 
of the brachial artery, from which it is 
separated by a fibrous expansion (the 
bicipital fascia) which is given off from 
the tendon of the Biceps to the fascia 
covering the Flexor muscles of the fore- 
arm. Filaments of the internal cutaneous 
nerve pass in front as well as behind this 
vessel.* 








S 
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* Cruveilhier says: ‘ Numerous varieties 
are observed in the disposition of the veins 
of the elbow; sometimes the common median 
vein is wanting; but in those cases, its two 
branches are furnished by the radial vein, and 
the cephalic is almost always in a rudimentary 
condition. In other cases, only two veins arc found at the bend of the elbow, the radial 
and ulnar, which are continuous, without any demarcation, with the ecphalie and basilic,’ 
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Venesection is generally performed at the bend of the elbow, and as a matter of practice 
the largest vein in this situation is commonly selected. This is usually the median basilie, 
and there are anatomical advantages and disadvantages m selecting this vein. The 
advantages are, that in addition to its being the largest vessel, and therefore yielding a 
greater supply of blood, it is the least movable and can be easily steadied on the bicipital 
fascia on which it rests. The disadvantages are, that it is in close relationship with the 
brachial artery, separated only by the bicipital fascia; and formerly, when venesection was 
frequently practised, arterio-venous aneurism was no uncommon result of this practice. 
Another disadvantage is, that the median basilic is crossed by some of the branches of 
the internal cutaneous nerve, and these may be divided in the operation, giving rise to 
‘traumatic neuralgia of extreme intensity ’ (Tillaux). 


The Basilic vein is of considerable size, formed by the coalescence of the 
common ulnar vein with the median basilic. It runs upwards along the inner 
side of the Biceps muscle, passes through an opening in the deep fascia a little 
below the middle of the arm, and, ascending in the course of the brachial artery 
to the lower border of the Teres major muscle, is continued onwards as the 
axillary vein. 

The Cephalic vein courses along the outer border of the Biceps musele, lying 
in the same groove with the upper external cutaneous branch of the musculo- 
spiral nerve, to the upper third of the arm; it then passes between the Pectoralis 
major and Deltoid muscles, lying in the same groove with the descending or 
humeral branch of the acromio-thoracic artery. It pierces the costo-coracoid 
membrane, and crossing the axillary artery, terminates. in the axillary vein 
just below the clavicle. This vein is occasionally connected with the external 
jugular by a branch which passes upwards in front of the clavicle. 

The Deep veins of the upper extremity follow the course of the arteries, 
forming their venæ comites. They are generally arranged in pairs, and are 
situated on either side of the corresponding artery, and connected at intervals 
by short transverse branches. 

Two digital veins accompany each artery along the sides of the fingers : 
these, uniting at the base of the fingers, pass along the interosseous spaces in the 
palm, and terminate in the two vene comites which accompany the superficial 
palmar arch. Branches from these vessels on the radial side of the hand 
accompany the superficialis vole, and on the ulnar side terminate in the deep 
ulnar veins. The deep ulnar veins, as they pass in front of the wrist, 
communicate with the interosseous and superficial veins, and, at the elbow, 
a with the deep radial veins to form the vene comites of the brachial 
artery. 

The Interosseous veins accompany the anterior and posterior interosseous 
arteries. The anterior interosseous veins commence in front of the wrist, where 
they communicate with the deep radial and ulnar veins; at the upper part of 
the forearm they receive the posterior interosseous veins, and terminate in the 
ven comites of the ulnar artery. 

_ The Deep palmar veins accompany the deep palmar arch, being formed by 
tributaries which follow the ramifications of that vessel. They communicate 
with the deep ulnar veins at the inner side of the hand, and on the outer 
side terminate in the venæ comites of the radial artery. At the wrist, they 
receive a dorsal and a palmar tributary from the thumb, and unite with the deep 
radial veins. Accompanying the radial artery, these vessels terminate in the 
venæ comites of the brachial artery. 

The Brachial veins are placed one on each side of the brachial artery, 
receiving tributaries corresponding with the branches given off from that 
vessel ; at the lower margin of the Subscapularis, they join the axillary vein. 

These deep veins have numerous anastomoses, not only with each other, but 
also with the superficial veins. 

The Axillary vein is of large size, and is the continuation upwards of the 
basilic vein. It commences at the lower border of the Teres major, increases in 
size as 1t ascends, by receiving tributaries corresponding with the branches of 
RA euley artery, and terminates immediately beneath the clavicle at the outer 
ee ON i aise i becomes the subclavian vein. This vessel is 
ae AE Lt y : rp eles, muscles and costo-coracoid membrane, and lies 
ret et cece en - ary artery, which it partially overlaps. Near its 

elves the cephalic vein. This vein is provided with a pair of 
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valves, opposite the lower border of the Subscapularis muscle ; valves are also 
found at the termination of the cephalic and subscapular veins. 


Surgical Anatomy.—There are several points of surgical interest in connection with 
the axillary vein. Being more superficial and larger than the axillary artery, which it 
overlaps, it is more liable to be wounded than the artery in the operation of extirpation of 
the axillary glands, especially as these glands, when diseased, are apt to become adherent. 
to the vessel. When wounded, there is always a danger of air being drawn into its 
interior, and death resulting. This is due not only to the fact that it is near the thorax 
and therefore liable to be influenced by the respiratory movements, but also because 
it is adherent by its anterior surface to the costo-coracoid membrane, and therefore if 
wounded is likely to remain patulous and favour the chance of air being sucked in. This 


adhesion of the vein to the fascia prevents its collapsing, and therefore favours the furious 
bleeding which takes place in these cases. 


To avoid wounding the axillary vein in the extirpation of glands from the axilla, it is 
always advisable to expose the vein as soon as possible; no sharp cutting instruments 
should be used after the axillary cavity has been freely exposed; and care should be 
taken to use no undue force in isolating the glands (see page 653). Should the vein be so 
embedded in the malignant deposit that the latter cannot be removed without taking away 
a part of the vein, this must be done, the vessel having been first ligatured above and below. 


The Subclavian vein, the continuation of the axillary, extends from the outer 
border of the first rib to the inner end of the clavicle, where it unites with the 
internal jugular to form the innominate vein. It is in relation, in front, with 
the clavicle and Subclavius muscle; behind and above, with the subclavian 
artery, from which it is separated internally by the Scalenus anticus muscle 
and phrenic nerve. Below, it rests in a depression on the first rib and upon 
the pleura. Above, it is covered by the cervical fascia and integument. 

The subclavian vein occasionally rises in the neck to a level with the third 
part of the subclavian artery, and in one or two instances has been seen passing 
with this vessel behind the Scalenus anticus. This vessel is usually provided 
with valves about an inch from. its termination in the innominate, just external 
to its junction with the external jugular vein. 

Tributaries.—This vein receives the external jugular vein, sometimes the 
anterior jugular vein, and occasionally a small branch from the cephalic, outside 
the Scalenus; and on the inner side of that muscle it joins with the internal 
jugular vein to form the innominate vein. At the angle of junction with the 
internal jugular, the left subclavian vein receives the thoracic duct; while the 
right subclavian vein receives the “le lymphatic duct. 

The Innominate or Brachio-cephalic veins (fig. 523) are two large trunks, 
placed one on either side of the root of the neck, and formed by the union of the 
internal jugular and subclavian veins of the corresponding side. 

The Right innominate vein is a short vessel, an inch in length, which com- 
mences at the inner end of the clavicle, and, passing almost vertically downwards, 
joins with the left innominate vein just below the cartilage of the first rib, close 
to the right border of the sternum, to form the superior vena cava. It lies 
superficial and external to the innominate artery ; on its right side is the phrenic 
nerve, and the pleura is here interposed between it and the apex of the lung. 
This vein, at the angle of junction of the internal jugular with the subclavian, 
receives the right vertebral vein ; and, lower down, the right internal mammary, 
right inferior thyroid, and sometimes the right superior intercostal veins. 

The Left innominate vein, about two and a half inches in length, and larger 
than the right, passes from left to right across the upper and front part of the 
chest, at the same time inclining downwards, to unite with its fellow of the 
opposite side, forming the superior vena cava, It is in relation, in front, with 
the first piece of the sternum, from which it is separated by the Sterno-hyoid 
and Sterno-thyroid muscles, the thymus gland or its remains, and some loose 
areolar tissue. Behind it are the three large arteries arising from the arch of 
the aorta, together with the vagus and phrenic nerves. This vessel is joined 
by the left vertebral, left internal mammary, left inferior thyroid, and the left 
superior intercostal veins, and occasionally some thymic and pericardiac veins. 
There are no valves in the innominate veins. 





Peculiarities.—Sometimes the innominate veins open separately into the right auricle ; 
in such cases the right vein takes the ordinary course of the superior vena cava; but the 
left vein—left superior vena cava, as it is termed—after communicating by a small 
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branch with the right one, passes in front of the root of the left lung, and, turning to the 
back of the heart, receives the cardiac veins, and terminates in the back of the right 
auricle. This oceasional condition in the adult is due to the persistence of the early fetal 
condition, and is the normal state of things in birds and some mammalia. 


The internal mammary veins, two in number to each artery, follow the course 
of that vessel, and receive branches corresponding with those derived from it. 
The two veins unite into a single trunk, which terminates in the corresponding 
innominate vein. 

The inferior thyroid veins, two, frequently three or four, in number, arise in 
the venous plexus on the thyroid body, communicating with the middle and 
superior thyroid veins. They form a plexus in front of the trachea, behind the 
Sterno-thyroid muscles. From this plexus, a left vein descends and joins the 
left innominate trunk, and a right vein passes obliquely downwards and out- 
wards across the innominate artery to open into the right innominate vein, just 
at its junction with the superior vena cava. These veins receive cesophageal, 
tracheal, and inferior laryngeal veins, and are provided with valves at their 
termination in the innominate veins. 

The Superior intercostal veins (right and left) drain the blood from two or 
three of the intercostal spaces below the first. The right vein passes downwards 
and inwards and opens into the vena azygos major; the left runs across the 
transverse aorta and opens into the left innominate vein. It usually receives 
the left bronchial and left superior phrenic vein, and communicates below with 
the vena azygos minor superior. The highest intercostal vein, i.e. the vein from 
the first intercostal space, opens directly into the corresponding vertebral or 
innominate vein. 

The Superior vena cava receives the blood which is conveyed to the heart 
from the whole of the upper half of the body. It is a short trunk, varying from 
two inches and a half to three inches in length, formed by the junction of the 
two innominate veins. It commences immediately below the cartilage of the 
first rib close to the sternum on the right side, and, descending vertically, enters 
the pericardium about an inch and a half above the heart, and terminates in the 
upper part of the right auricle opposite the upper border of the third right costal 
cartilage. In its course it describes a slight curve, the convexity of which is 
turned to the right side. 

Relations.—Jn front, with the pericardium and process of cervical fascia 
which is continuous with it; this separates it from the thymus gland, and from 
the second and third costal cartilages; behind, with the root of the right lung. 
On its right side, with the phrenic nerve and right pleura; on its left side with 
the commencement of the innominate artery and the ascending part of the aorta 
the latter overlapping it. The portion contained within the pericardium is 
covered,in front and laterally, by the serous layer of that membrane. It receives 
the vena azygos major just before it enters the pericardium, and several small 
veins from the pericardium and parts in the mediastinum. The superior vena 
cava has no valves. | 

The Azygos veins are three in number; they collect the blood from the 
majority of the intercostal spaces, and connect together the superior and inferior 
ven Cave. 

_ The vena azygos major (vena azygos) commences opposite the first or second 
lumbar vertebra, by a branch connecting the right lumbar veins (the ascending 
lumbar); sometimes by a branch from the right renal vein, or from the inferior 
vena cava. It enters the-thorax through the aortic opening in the Diaphragm 
and passes along the right side of the vertebral column to the fourth dorsal 
vertebra, where it arches forward over the root of the right lung, and terminates 
in the superior vena cava, just before that vessel enters the pericardium. While 
passing through the aortic opening of the Diaphragm, it lies with the thoracic 
duct on the right side of the aorta ; and in the thorax, it lies upon the intercostal 
crt ia the right side of the aorta and thoracic duct, and is partly covered 
ibutaries.—It receives the lower ten interco i j 
the e two or three of these opening first of all sto bee ah — 
ond perieadiat ae ae Fh Rear arr age grag ct ort 
i rmination, the right bronchial vein; and 
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generally the right superior intercostal vein. A few imperfect valves are found 
in this vein; but its tributaries are provided with complete valves. 


Fic. 523.—The ven cave and azygos veins, with their formative branches. 
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The intercostal veins on the left side, below the three upper intercostal spaces, 
usually form two trunks, named the left lower, and the left upper, azygos veins. 
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The vena azygos minor inferior (vena hemiazygos) commences in the lumbar 
region, by a branch connecting the lumbar veins (ascending lumbar), or from the 
left renal. It passes into the thorax, through the lefi crus of the Diaphragm, 
and, ascending on the left side of the spine, as high as the ninth dorsal vertebra, 
passes across the column, behind the aorta, oesophagus, and thoracic duct, to 
terminate in the right azygos vein. It receives the four or five lower intercostal 
veins of the left side, and some oesophageal and mediastinal veins. — 

The vena azygos minor superior (vena hemiazygos accessoria) varies inversely 
with the size of the left superior intercostal. It receives veins from the inter- 
costal spaces between the left superior intercostal vein and highest tributary of 
the left lower azygos. They are usually three or four in number, and join to 
form a trunk which ends in the right azygos vein, or in the left lower azygos. 
It sometimes receives the left bronchial vein. When this vein is small, or 
altogether wanting, the left superior intercostal vein will extend as low as the 
fifth or sixth intercostal space. 

Surgical Anatomy.—In obstruction of the inferior veua cava, the azygos veins are 
one of the principal means by which the venous circulation is carried on, connecting as 
they do the superior and inferior vene cave and communicating with the common iliac 
veins by the ascending lumbar veins and with many of the tributaries of the inferior 
vena Cava. 

The bronchial veins return the blood from the larger bronchi, and from the 
structures at the roots of the lungs; that of the right side opens into the vena 
azygos major, near its termination; that of the left side, into the left superior 
intercostal vein or left upper azygos vein. A considerable quantity of the blood 
which is carried to the lungs through the bronchial arteries is returned to the 
left side of the heart through the pulmonary veins. 


Tue SPINAL VEINS 


The numerous venous plexuses placed upon and within the spine may be 
arranged into four sets : 

1. Those placed on the exterior of the spinal column (the dorsal spinal veins). 

2. Those situated in the interior of the spinal canal, between the vertebree 
and the theca vertebralis (meningo-rachidian veins). 

3. The veins of the bodies of the vertebrae (vene basis vertebra). 

4. The veins of the spinal cord. 

1. The Dorsal spinal veins commence by small branches, which receive their 
blood from the integument of the back of the spine, and from the muscles in the 
vertebral grooves. They form a complicated network, which surrounds the 
spinous processes, the laminæ, and the transverse and articular processes of all 
the vertebre. At the bases of the transverse processes, they communicate, by 
means of ascending and descending branches, with the veins surrounding the 
contiguous vertebre, and they join with the veins in the spinal canal by branches 
which perforate the ligamenta subflava. Other branches pass obliquely forwards 
between the transverse processes, and communicate with the intraspinal veins 
through the intervertebral foramina. They terminate by joining the vertebral 
veins in the neck, the intercostal veins in the thorax, and the lumbar and sacral 
veins in the loins and pelvis. In addition to these, another extra-spinal plexus 
of relatively small vessels is formed in front of the bodies of the vertebra. This 
is termed the anterior spinal plexus, and communicates with deep cervical, inter- 
costal, lumbar, and lateral sacral veins in the respective regions of the spine. 

2. The Meningo-rachidian veins.—The principal veins contained in the spinal 
canal are situated between the theca vertebralis and the vertebræ. They consist 
of two longitudinal plexuses, one of which runs along the posterior surface of 
the bodies of the vertebræ (anterior longitudinal spinal veins). The other plexus 
(posterior longitudinal spinal veins) is placed on the inner or anterior surface of 
the laming of the vertebræ. ù 

The Anterior longitudinal spinal veins consist of two lar j 
which extend along the whole length of the vertebral column, en "iie Be 
magnum, where they communicate by a venous ring around that opening, from 
which tributaries are given off to form the commencement of the vertebral. vein 
to the base of the coccyx, being placed one on each side of the posterior surface of 
the bodies of the vertebrae, along the margin of the posterior common ligament, 
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These veins communicate together opposite each vertebra by transverse trunks, 
which pass beneath the ligament, and receive the large veng basis vertebre from 
the interior of the vertebral body. The anterior longitudinal spinal veins are 
least developed in the cervical and sacral regions. They are not of uniform 
size throughout, being alternately enlarged and constricted. At the intervertebral 
foramina they communicate with 

the dorsal spinal veins, and with Fra. 524.—Transverse section of a dorsal 
the vertebral veins in the neck, vertebra, showing the spinal veins. 

with the intercostal veins in the 
dorsal region, and with the lumbar 
and sacral veins in the correspond- 
ing regions. 

The Posterior longitudinal spi- 
nal veins, smaller than the anterior, 
are situated one on each side, be- 
tween the inner surface of the 
laminæ and the theca vertebralis. 
They communicate (like the an- 
terior), opposite each vertebra, by 
transverse trunks; and with the 
anterior longitudinal veins, by 
lateral transverse branches, which 
pass from behind forwards. These 
veins, by branches which perforate 
the ligamenta subflava, join with 
the dorsal spinal veins. From them 
branches are given off, which pass 
through the intervertebral foramina 
and join the vertebral, intercostal, 
lumbar, and sacral veins. 

3. The Veins of the bodies of the vertebræ (vene basis vertebre) emerge from 
the foramina on their posterior surface, and join the transverse trunk connecting 
the anterior longitudinal spinal veins. They are contained in large, tortuous 
channels in the substance of the bones, similar in every respect to those found in 
the diploé of the cranial bones. These canals lie parallel to the upper and lower 
surfaces of the bones. They commence by small openings on the front and sides 
of the bodies of the vertebra, through which communicating branches from the 
veins external to the bone pass into 
its substance, and converge to the Fie. 525.—Vertical section of two dorsal 
principal canal, which is sometimes vertebre, showing the spinal veins. 
double towards its posterior part, 
and open into the corresponding 
transverse branch uniting the 
anterior longitudinal veins. They 
become greatly developed in ad- 
vanced age. 

4. The Veins of the spinal cord 
consist of a minute, tortuous, venous 
plexus which covers the entire sur- 
face of the cord, being situated in 
the pia mater. These vessels emerge lass Wea 
chiefly from the median furrows, Ra -o Ra a’ it: 7 
and are largest in the lumbar region. =j Kera So Le: 
In this plexus there are: (1) two 
median longitudinal veins, one in l 
front of the anterior fissure, and the other behind the posterior fissure of the cord ; 
and (2) four lateral longitudinal veins which run behind the nerve-roots. Near 
the base of the skull they unite, and form two or three small trunks, which com- 
municate with the vertebral veins, and then terminate in the inferior cerebellar 
veins, or in the inferior petrosal sinuses. Each of the spinal nerves is accom- 
panied by a branch as far as the intervertebral foramina, where it joins the 
other veins from the spinal canal. 

There are no valves in the spinal veins. 


The Dorsi-spinal veins 
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VEINS OF THE LOWER EXTREMITY, ABDOMEN, AND PELVIS 


‘emi ivided, like those of the upper, 
t = : Ve b Bh ae am gee ap ool aa being | ae beneits 
into two sets, $ : oe i an. 
integ g of superficial fascia; the deep velns acc 
integument, between the two layers of sug ae aie EA, dats 
ing t ries, and forming the venæ comites oi those ve 1 
of vara ~ mee with ee A which are more numerous ei deep en a 
the superficial set. These valves are also more numerous in the lower than in 
E The a veins of the lower extremity are the internal or long saphenous, 
eter hort saphenous. l 
ee Sa of the foot is a venous arch, situated in the superficial struc- 
tures over the anterior extremities of the metatarsal bones. It has n me i 
directed forwards, and receives digital tributaries from the upper Joi ace “ e 
toes; at its concavity it is joined by numerous small veins, which form A exus 
on the dorsum of the foot. ‘The arch terminates internally in the long saphenous, 
in the short saphenous vein. l 
poe or long a vein (fig. 526) commences at the inner side of 
the arch on the dorsum of the foot; it ascends in front of the inner malleolus, 
and along the inner side of the leg, behind the inner margin of the tibia, accom- 
panied by the internal saphenous nerve. At the knee, it passes behind the 
inner condyle of the femur, ascends along the inside of the thigh, and, passing 
through the saphenous opening in the fascia lata, terminates in- the femoral 
vein about an inch and a half below Poupart’s ligament. This vein receives in 
its course cutaneous tributaries from the leg and thigh, and at the saphenous 
opening the superficial epigastric, circumflex iliac, and external pudic veins. 
The veins from the inner and back part of the thigh frequently unite to form 
a large vessel, which enters the main trunk near the saphenous ope and 
sometimes those on the outer side of the thigh join to form another large vessel ; 
so that occasionally taree large veins are seen converging from different parts of 
the thigh towards the saphenous opening. The internal saphenous vein com- 
municates in the foot with the internal plantar vein; in the leg, with the 
posterior tibial veins, hy brancbes which perforate the tibial origin of the Soleus 
muscle, and also with the anterior tibial veins ; at the knee, with the articular 
veins; in the thigh, with the femoral vein by one or more branches. The valves 
in this vein vary from ten to twenty in number ; they are more numerous in the 
thigh than in the leg. 
The external or short saphenous vein (fig. 527) commences at the outer side 
of the arch on the dorsum of the foot; it ascends behind the outer malleolus, 
and along the outer border of the tendo Achillis, across which it passes at an 
acute angle to reach the middle line of the posterior aspect of the leg. Passing 
directly upwards, it perforates the deep fascia in the lower part of the popliteal 
space, and terminates in the popliteal vein, between the heads of the Gastro- 
cnemius muscle. It receives numerous large tributaries from the back part of 
the leg, and communicates with the deep veins on the dorsum of the foot, and 
behind the outer malleolus. Before it perforates the deep fascia, it gives off a 
communicating branch, which passes upwards and inwards to join the internal 
saphenous vein. This vein contains from nine to twelve valves, one of which is 
always found near its termination in the popliteal vein. The external saphenous 
nerve lies close beside this vein. 


Surgical Anatomy.—The saphenous veins are of considerable surgical importance, 
since a varicose condition of these vessels is more frequently met with than those in 
other parts of the body, except perhaps the spermatic and hemorrhoidal veins. The main 
cause of this is the high blood-pressure, determined chiefly by the erect position and the 
length of the column of blood, which has to be propelled in an uphill direction. In normal 
vessels, there is only just sufficient force to perform this task; and in those cases where 
there is diminished resistance of the walls of the vein, these vessels are liable to dilate, 
and a varicose condition is setup. This diminished resistance may be due to heredity, 
the vein-walls being congenitally weak; or it may be due to inflammatory conditions, 
leading to softening or to absorption of surrounding tissues, and thus depriving the 
vessel of its accustomed support. Increased blood pressure in the veins, caused by 
any obstacle to the return of the venous blood, such as the pressure of a tumour, or 
the gravid uterus or tight gartering, may also produce varix. In the normal condition 
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of the veins, the valves in their interior break up the column of blood into a number of 
smaller columns, and so to a considerable extent mitigate the ill effects of the erect 
position ; but when the dilatation of the veins has reached a certain limit, the valves 


Fic. 526.—The internal or long saphenous Fig. 527. 
vein and its branches. External or short saphenous vein. 





become incapable of supporting the overlying 
column of blood, and the pressure is in- 
creased, tending to emphasise also the varicose 
condition. Both the saphenous veins in the 
leg are accompanied by nerves, the internal 
saphenous being joined by its companion 
nerve just below the level of the knee-joint. 
No doubt much of the pain of varicose veins 
in the leg is due to this fact. On the Con- 
tinent the internal saphenous vein as it rests 
on the tibia just above the malleolus is 
sometimes selected for venesection. 


The Deep veins of the lower extre- 
mity accompany the arteries and their 
branches, and are called the vene comites 
of those vessels. 

The external and internal plantar veins unite to form the posterior tibial 
veins, which accompany the posterior tibial artery, and are joined by the 
peroneal veins. 





api 
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The anterior tibial veins are formed by a continuation upwards of the vene 
comites of the dorsalis pedis artery. They pass between the tibia and fibula, 
through the large oval aperture above the interosseous membrane, and form, by 
their junction with the posterior tibial, the popliteal vein. 

The valves in the deep veins are very numerous. i 

The popliteal vein is formed by the junaign of the venæ comites of the 
anterior and posterior tibial vessels at the lower border of the Popliteus muscle ; 
it ascends through the popliteal space to the tendinous aperture In the Adductor 
magnus, where it becomes the femoral vein. In the lower part of its course, it 
is placed internal to the artery ; between the heads of the Gastrocnemius, it is 
superficial to that vessel; but above the knee-joint, 1t 1s close to its outer side. 
It receives the sural veins from the Gastrocnemius muscle, the articular veins, 
and the external saphenous. The valves in this vein are usually four in number. 

The Femoral vein accompanies the femoral artery through the upper two- 
thirds of the thigh. In the lower part of its course it lies external to the artery ; 
higher up, it is behind it; and at Poupart’s ligament, it lies to its inner side, and 
on the same plane. It receives numerous muscular tributaries, and about an 
inch and a half below Poupart’s ligament it is joined by the profunda femoris : 
near its termination it is joined by the internal saphenous vein. The valves in 
this vein are three in number. 

The External iliac vein commences at the termination of the femoral, 
beneath Poupart’s ligament, and passing upwards along the brim of the pelvis, 
terminates opposite the sacro-iliac articulation, by uniting with the internal iliac 
to form the common iliac vein. On the right side, it lies at first along the inner 
side of the external iliac artery; but as it passes upwards, gradually inclines 
behind it. On the left side, it hes altogether on the inner side of the artery. It 
receives, immediately above Poupart’s ligament, the deep epigastric and deep- 
circumflex iliac veins and a small pubic vein, corresponding to the pubic branch 
of the obturator artery. According to Friedreich, it frequently contains one, 
sometimes two, valves. 

The deep epigastric veins.—T-wo veins accompany the deep epigastric artery ; 
they usually unite into a single trunk before their termination in the external 
iliac vein. 

The deep circumflex iliac veins.—Two veins accompany the deep circumflex 
iliac artery. These unite into a single trunk which crosses the external iliac 
artery just above Poupart’s ligament, and terminates in the external iliac vein. 

The Internal iliac vein is formed by the venz comites of the branches of the 
internal iliac artery, the umbilical arteries of the foetus excepted. It receives the 
blood from the exterior of the pelvis by the gluteal, sciatic, internal pudic, and 
obturator veins ; and from the organs in the cavity of the pelvis by the hæmor- 
rhoidal and vesico-prostatic plexuses in the male, and the uterine and vaginal 
plexuses in the female. The vessels forming these plexuses are remarkable for 
their large size, their frequent anastomoses, and the number of valves which they 
contain. The internal iliac vein lies at first on the inner side, and then behind 
the internal iliac artery, and terminates opposite the sacro-iliac articulation, by 
uniting with the external iliac to form the common iliac vein. This vessel has 
no valves. 

The internal pudic veins (venæ comites) have the same course as the internal 
pudic artery. They receive tributaries corresponding to the branches of the 
artery except that corresponding to the dorsal artery of the penis, viz. the dorsal 
vein of the penis, which opens into the prostatic plexus. 

The hemorrhoidal plexus sarrounds the lower end of the rectum, being formed 
by the superior hemorrhoidal veins, tributaries of the inferior mesenteric. It 
commences ag a series of dilated pouches, about twelve in number, which are 
arranged circularly at the verge of the anus and are connected by transverse 
branches. From these pouches veins, about six in number, pass upwards in a 
straight direction in the submucous tissue for about three inches: they th 
pierce the muscular coat and b a 

and become arranged in a circular manner at right 


angles to the long axis of the gut, and eventuall i sn 
hæmorrhoidal vein. i y unite to form the superior 


Surgical Anatomy.—The veins of this plexus are a i j 

} ny. pt to become dilated and varicose 
and form piles. This is due to several anatomical reasons : the vessels are contained in 
very loose, lax connective tissue, so that they get less support from surrounding structures 
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than most other veins, and are less capable of resisting increased blood pressure ; the 
condition is favoured by gravitation, being influenced by the erect posture, either sitting 
-or standing, and by the fact that the superior hemorrhoidal and portal veins have no 
valves; the veins pass through muscular tissue and are liable to be compressed by its 
contraction, especially during the act of defecation; they are affected by every form of 
portal obstruction. 


The vesico-prostatic plexus surrounds the neck and base of the bladder and 
prostate gland. It communicates with the hemorrhoidal plexus behind, and 
receives the deep dorsal vein of the penis, which enters the pelvis beneath the 
subpubic ligament. This plexus is supported upon the sides of the bladder by a 
reflection of the pelvic fascia. The veins composing it are very liable to become 
varicose, and often contain hard, earthy concretions, called phileboitths. 


Surgical Anatomy.—This plexus is wounded in the operation of lateral lithotomy, 
and it is through it that septic matter finds its way into the general circulation after this 
operation. 


The dorsal veins of the penis are two in number, a superficial and a deep. 
The superficial vein drains the prepuce and skin of the penis, and, running back- 
wards in the subcutaneous tissue, inclines to the right or left, and opens into the 
corresponding superficial external pudic vein, a tributary of the internal or long 
saphenous vein. The deep vein receives the blood from the glans penis and 
corpora cavernosa: it courses backwards in the middle line between the dorsal 
arteries, underneath the deep fascia, and near the root of the penis passes between 
the two parts of the suspensory ligament and then through an aperture between 
the subpubic ligament and the triangular ligament of the urethra, and divides 
into two branches, which enter the prostatic plexus. 

The vaginal plexus surrounds the vagina, being especially developed at the 
orifice of the canal; it communicates with the vesical plexus in front, and with 
the hemorrhoidal plexus behind. 

The uterine plexus is situated along the sides and superior angles of the uterus, 
between the two layers of the broad ligament, receiving, during pregnancy, large 
venous canals from the blood-sinuses of the placenta. The veins composing 
this plexus anastomose frequently with each other and with the ovarian veins. 
They are not tortuous like the arteries. 

The Common iliac veins are formed by the union of the external and internal 
iliac veins in front of the sacro-iliac articulation; passing obliquely upwards 
towards the right side, they terminate upon the fifth lumbar vertebra, by uniting 
with each other at an acute angle to form the inferior vena cava. The right 
common iliac is shorter than the left, nearly vertical in its direction, and ascends 
behind and then to the outer side of its corresponding artery. The left common 
iliac, longer and more oblique in its course, is at first situated on the inner side 
of the corresponding artery, and then behind the right common iliac. Each 
common iliac receives the ilio-lumbar, and sometimes the lateral sacral veins. 
The left receives, in addition, the middle sacral vein. No valves are found in 
these veins. 

The middle sacral veins accompany the corresponding artery along the 
front of the sacrum, and join to form a single vein which terminates in the left 
common iliac vein: sometimes in the angle of junction of the two iliac veins. 

Peculiarities.—The left common iliac vein, instead of joining with the right in its 
usual position, occasionally ascends on the left side of the aorta as high as the kidney, 
where, after receiving the left renal vein, it crosses over the aorta, and then joins with the 
right vein to form the vena cava. In these cases, the two common iliacs are connected 
by a small communicating branch at the spot where they are usually united. 


The Inferior vena cava returns to the heart the blood from all the parts below 
the Diaphragm. It is formed by the junction of the two common iliac veins, on 
the right side of the fifth lumbar vertebra. It passes upwards along the front of 
the spine, on the right side of the aorta, and, having reached the liver, is con- 
tained in a groove on its posterior surface. It then perforates the Diaphragm 
between the mesial and right portions of its central tendon; 1 subsequently 


x See two cases which have been described by Walsham in the St. Bartholomew's 
Hospital Reports, vols. xvi. and xvii. 
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inclines forwards and inwards for about an inch, and, piercing the pericardium, 
opens into the lower and back part of the right auricle. In front of its auricular 
orifice is a semilunar valve, termed the valve of Eustachius : this is rudimentary 
in the adult, but is of large size and exercises an important function in the 
fœtus. 

Relations. —The abdominal portion of the inferior vena cava is in relation 
in front, from below upwards, with the mesentery, right spermatic artery, trans- 
verse portion of the duodenum, the pape portal vein, and the posterior 
surface of the liver, which partly and occasionally completely surrounds it ; 
behind, with the vertebral column, the right Psoas muscle, the right crus of the 
Diaphragm, the right renal and lumbar arteries, right semilunar ganglion, and 
the inner part of the right suprarenal body ; on the right side, with the right 
kidney and ureter; on the left stde, with the aorta. 

The thoracic portion is only about an inch in length, and is situated partly 
inside and partly outside the pericardial sac. The extra-pericardial part is 
separated from the right pleura and lung by a fibrous band, named the right 
phrenico-pericardiac ligament of Teutleben. This ligament, often feebly marked, 
is attached below to the margin of the vena-caval opening in the Diaphragm, 
and above to the pericardium in front of and behind the root of the right lung. 
The intrapericardiac part is very short, and is covered antero-laterally by the 
serous layer of the pericardium. 


Peculiarities.—In Position.—This vessel is sometimes placed on the left side of the 
aorta, as high as the left renal vein, after receiving which it crosses over to its usual 
osition on the right side ; or it may be placed altogether on the left side of the aorta, as 
ar upwards as its termination in the heart: in such cases, the abdominal and thoracic 
viscera, together with the great vessels, are all transposed. 

Point of Termination.—Occasionally the inferior vena cava joins the right azygos 
vein, which is then of large size. In such cases, the superior cava receives the whole of 
the blood from the body before transmitting it to the right auricle, except the blood from 
the hepatic veins, which passes directly into the right auricle. 


Tributaries,—It receives in its course the following veins : 


Lumbar. Renal. Phrenic. 
Right spermatic, or ovarian. Suprarenal, Hepatic. 


The lumbar veins, four in number on each side, collect the blood by dorsal 
tributaries from the muscles and integument of the loins, and by abdominal 
tributaries from the walls of the abdomen, where they communicate with the 
epigastric veins. At the spine, they receive veins from the spinal plexuses, and 
then pass forwards, round the sides of the bodies of the vertebrae beneath the 
Psoas magnus, and teiminate in the back part of the inferior cava. The left 
lumbar veins are longer than the right, and pass behind the aorta. The lumbar 
veins are connected together by a longitudinal vein which passes in front of the 
transverse processes of the lumbar vertebre, and is called the ascending lumbar. 
It forms the most frequent origin of the corresponding vena azygos, and serves 
to connect the common iliac, ilio-lumbar, lumbar, and azygos veins of the 
corresponding side of the body. 

The spermatic veins emerge from the back of the testis, and receive tributaries 
from the epididymis; they unite and form a convoluted plexus, called the 
spermatic plexus (plexus pampiniformis), which constitutes the chief mass of the 
cord the vessels composing this plexus are very numerous, and ascend along the 
cord in front of the vas deferens; below the external abdominal] ring they unite 
to form three or four veins, which pass along the inguinal canal, and entering 
the abdomen through the internal abdominal ring, coalesce to i fone veins 
which ascend on the Psoas muscle, behind the peritoneum, lying one on each 
side of the spermatic artery ; these unite to form a single vein, which opens on the 
right side into the inferior vena cava, at an acute angle ; on the left side into the 
left renal vein, at a right angle. The spermatic veins are provided with valves.* 


* Rivington has pointed out that a valve is usually f i 
inter y found at the orifices of 
right and left spermatic veins. When no valves exist at the opening of the left a 
vein into the left renal vein, valves are generally present in the left renal vein within 


a quarter of an inch from the orifice of th nati in.— 
Physiology, vol. vii. p. 163. ONE ED AEEAAEOY NER VR: ea ee 
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The left spermatic vein passes behind the sigmoid flexure of the colon, and is 
thus exposed to pressure from the contents of that bowel. 


Surgical Anatomy.—The spermatic veins are very frequently varicose, constituting 
the disease known as varicocele. Though it is quite possible that the originating cause 
of this affection may be a congenital weakness of the walls of the veins of the pam- 
piniform plexus, still it must be admitted that there are many anatomical reasons why 
these veins should become varicose: viz. the imperfect support afforded to them by the 
loose tissue of the scrotum; their great length ; their vertical course; their dependent 
position ; their plexiform arrangement in the scrotum, with their termination in one small 
vein in the abdomen; their few and imperfect valves; and the fact that they may be 
subjected to pressure in their passage through the abdominal wall. Varicocele is more 
common on the left than on the right side, and this has been accounted for by the fact 
that the left spermatic vein joins the left renal at a right angle; that it is overlaid by the 
sigmoid flexure of the colon, and that when this portion of the gut is full of fecal matter, 
in cases of constipation, its weight impedes the return of the venous blood; and that the 
left spermatic veins are somewhat longer than the right. 


The ovarian veins are analogous to the spermatic in the male; they form 
a plexus near the ovary in the broad ligament and Fallopian tube, and com- 
municate with the uterine plexus. They terminate in the same way as the 
spermatic veins in the male. Valves are occasionally found in these veins. 
These vessels, like the uterine veins, become much enlarged during pregnancy. 

The renal veins are of large size, and placed in front of the renal arteries.” 
The left is longer than the right, and passes in front of the aorta, Just below the 
origin of the superior mesenteric artery. It receives the left spermatic, the left 
inferior phrenic, and, generally, the left suprarenal veins. It opens into the 
vena cava, a little higher than the right. 

The suprarenal veins are two in number: that on the right side terminates 
in the vena cava; that on the left side, in the left renal or phrenic vein. 

The phrenic veins follow the course of the phrenic arteries. The two 
superior, of small size, accompany the phrenic nerve and comes nervi phrenici 
artery, and join the internal mammary; the left sometimes opens into the 
left innominate vein, and the right into the point of union of the two innomi- 
nate veins. The two inferior phrenic veins follow the course of the phrenic 
arteries, and terminate, the right in the inferior vena cava, the left in the left 
renal vein. . 

The hepatic veins commence in the substance of the liver, in the capillary 
terminations of the portal vein and hepatic artery: these tributaries, gradually 
uniting, usually form three large veins, which constitute the upper group of 
hepatic veins; they converge towards the posterior surface of the liver, and 
open into the inferior vena cava, while that vessel is situated in the groove at 
the back part of this organ. Of these three veins, one from the right, and 
another from the left lobe, open obliquely into the inferior vena cava; that 
from the middle of the organ and lobulus Spigelii having a straight course. 
The veins of the lower group vary in number, and are of small size ; they 
come from the right and Spigelian lobes. The hepatic veins run singly, and are 
in direct contact with the hepatic tissue. They are destitute of valves. 


PORTAL SYSTEM OF VEINS 


The portal venous system is composed of four large veins which collect the 
venous blood from the viscera of digestion (stomach, intestine, and pancreas) and 
from the spleen. The trunk formed by their union (vena porte) enters the liver 
and ramifies throughout its substance after the manner of an artery and ends 
in capillaries, from which the blood is collected into the hepatic veins, which 
terminate in the inferior vena cava. The tributaries of this vein are in all cases 
single, and destitute of valves. 


* The student may observe that all veins above the Diaphragm, which do not lie on 
the same plane as the arteries which they accompany, lic in ‘front of them: and that all 
veins below the Diaphragm, which do not lie on the same plane as the arteries which they 
accompany, lie behind them, except the renal and profunda femoris vein. 
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744 
The veins forming the portal system are, the 
Superior mesenteric. Inferior mesenteric. 
Splenic. Gastric. 
Cystic. 


The superior mesenteric vein returns the blood from the small intestines, and 
from the cecum and ascending and transverse portions of the colon, correspond- 
ing with the distribution of the branches of the superior mesenteric artery. The 


Fig. 528.—Portal vein and its branches. 
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generally it empties itself into the superior mesenteric, close i ite ae i 


large trunk formed by the union of these branches a 
| scends alon i 
ane = front of the corresponding artery, passes in front of the Tage al 
of the duodenum, and unites, behind the neck of the pancreas, with the splenic 
vaitato form the vena portæ. It receives the right gastro-epiploic vein . 
res a gmisaio vein commences by five or six large branches, which return the 
Tao rom the substance of the spleen, These unite to form a single vessel 
lch passes from left to right, grooving the upper and back part of the 
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pancreas, below the splenic artery, and terminates behind the neck of the 
pancreas by uniting at a right angle with the superior mesenteric to form the 
vena porte. The splenic vein is of large size, but is not tortuous like the artery. 
It receives the vasa brevia from the left extremity of the stomach, the left 
gastro-epiploic vein, pancreatic branches from the pancreas, the pancreatico- 
duodenal vein, and the inferior mesenteric vein. 

The inferior mesenteric vein returns the blood from the rectum, sigmoid 
flexure, and descending eolon, corresponding with the ramifications of the 
branches of the inferior mesenteric artery. It lies to the left of the artery, and 
ascends beneath the peritoneum in the lumbar region; it passes behind the 
transverse portion of the duodenum and pancreas, and terminates in the splenic 
vein. Its hemorrhoidal branches inosculate with those of the internal iliac, 
and thus establish a communication between the portal and the general venous 
systems.* 

The gastric veins are two in number: one, a small vein, corresponds to the 
pyloric branch of the hepatic artery; the other, considerably larger, corresponds 
to the gastric artery. The former (pyloric, Walsham) runs along the lesser 
curvature of the stomach towards the pyloric end, receives branches from the 
pylorus and duodenum, and ends in the vena portæ. The latter (coronary, 
Walsham) begins near the pylorus, runs along the lesser curvature of the 
stomach, towards the cesophageal opening, and then passes across the front of 
the spine from left to right to end in the vena porte, at a point a little above 
the junction of the pyloric vein. 

The Portal Vein is formed by the junction of the superior mesenteric and 
splenic veins, their union taking place in front of the vena cava, and behind the 
neck of the pancreas. Passing upwards in the right border of the lesser omentum 
to the under surface of the liver, it enters the transverse fissure, where it is 
somewhat enlarged, forming the sinus of the portal vein, and divides into two 
branches, which accompany the ramifications of the hepatic artery and hepatic 
duct throughout the substance of the liver. Of these two branches the right is 
the larger, but the shorter, of the two. The portal vein is about three or four 
inches in length, and, while contained in the lesser omentum, lies behind and 
between the common bile duct and the hepatic artery, the former being to the 
right, the latter to the left. These structures are accompanied by filaments 
of the hepatic plexus of nerves, and numerous lymphatics, are surrounded by a 
quantity of loose areolar tissue (capsule of Glisson), and are placed between the 
layers of the lesser omentum. 

The Cystic Vein.—The trunk of the vena porte generally receives the cystic 
vein, although it sometimes terminates in its right branch. 

The portal vein divides, in the substance of the liver, like an artery, and its 
minute ramifications end in capillaries, from which the blood is carried to the 
inferior vena cava by the hepatic veins ; these veins also collect the blood which 
has been brought to the liver by the hepatic artery. It will therefore be seen 
that the blood which is carried to the liver by the portal vein passes through 
two sets of capillary vessels, viz.: (1) the capillaries in the stomach, intestine, 
pancreas, and spleen, and (2) the capillaries of the portal vein in the liver. 


Surgical Anatomy.—Obstruction to the portal vein produce ascites, and may arise 
from many causes: as (1) the pressure of tumour on the portal vein, such as cancer, hydatid 
cyst, or abscess of the liver itself, enlarged lymphatic glands in the lesser omentum, or 
eancer of the head of the pancreas; (2) from cirrhosis of the liver, when the radicles of 
the portal vein are pressed upon by the contracting fibrous tissue in the portal canals ; 
(3) from valvular disease of the heart, and back pressure on the hepatic veins, and so on 
the whole of the circulation through the liver. 
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* Besides this anastomosis between the portal vein and the branches of the vena cava 
other anastomoses between the portal and systemic veins are formed by the communica- 
tion between the gastric veins and the cesophageal veins which empty themselves into the 
vena azygos minor; between the left renal vein and the veins of the intestines, especially 
of the colon and duodenum ; between the veins of the round ligament o the liver and 
the portal veins ; between the veins of the intestinal canal and the veins of the abdominal 
wall; and between the superficial branches of the portal veins of the liver and the 
phrenic veins, as pointed out by Kiernan. (See Physiological Anatomy, by Todd and 
Bowman, 1859, vol. ii. p. 348.) 
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CARDIAC VEINS 


The veins which return the blood from the substance of the heart are, the 


Great cardiac vein. Coronary sinus. 

Posterior cardiac vein. Oblique vein of Marshall. 
Left cardiac veins. Anterior cardiac veins. 
Right or small coronary vein. Venez Thebesil. 


The Great cardiac vein (sometimes called the left coronary vein) is a vessel 
of considerable size, which commences at the apex of the heart, and ascends 
along the anterior interventricular groove to the base of the ventricles. It then 
curves to the left side, around the auriculo-ventricular groove, between the left 
auricle and ventricle, to the back part of the heart, and opens into the left 
extremity of the coronary sinus, its aperture being guarded by two valves. It 
receives tributaries from the left auricle and from both ventricles, but especially 
the left; one of these, ascending along the thick margin of the left ventricle, is 
of considerable size. The vessels joining it are provided with valves. 

The Posterior cardiac vein (sometimes called the middle cardiac vein) 
commences by small tributaries, at the apex of the heart, communicating with 
those of the preceding vein. It ascends along the posterior interventricular 
groove to the base of the heart, and terminates in the coronary sinus, its orifice 
being guarded by a valve. It receives the veins from the posterior surface of 
both ventricles. 

The Left cardiac veins are three or four small vessels, which collect the 
blood from the posterior surface of the left ventricle, and open into the lower 
border of the coronary sinus. 

The Right or small coronary vein runs along the groove between the right 
auricle and ventricle, to open into the right extremity of the coronary sinus. 
It receives blood from the back part of the right auricle and ventricle. 

The Coronary sinus is situated in the posterior part of the left auriculo- 
ventricular groove. It is about an inch in length, is of considerable size, 
and covered by the muscular fibres of the left auricle. It receives the veins 
enumerated above, and the oblique vein of Marshall from the back part of the 
left auricle; this vein is the remnant of the obliterated left Cuvierian duct of the 
foetus. The great coronary sinus terminates in the right auricle, between the 
inferior vena cava and the auriculo-ventricular aperture, its orifice being guarded 
by a semilunar fold of the lining membrane of the heart, the Thebesian valve. 
All the veins joining this vessel, excepting the oblique vein of Marshall, are 
provided with valves. . 

The Anterior cardiac veins are three or four small vessels, which collect the 
blood from the anterior surface of the right ventricle. One of these (the vein of 
Galen), larger than the rest, runs along the right border of the heart. They 
open separately into the lower part of the right auricle. 

The Venæ Thebesii (vene cordis minime) are numerous minute veins, which 
return the blood directly from the muscular substance, without entering the 


venous current. They open by minute orifices (foramina Thebesit) chiefly into 
the auricles, but a few terminate in the ventricles. 


THE LYMPH VASCULAR SYSTEM 


ra lymph vascular system includes not only the lymphatic vessels and 
glands, but also the lacteal or chyliferous vessels. The lacteals are the lym- 
phatic vessels of the small intestine, and differ in no respect from the lymphatics 
generally, excepting that they contain a milk-white fluid, the chyle, during the 
process of digestion, and convey it into the blood through the thoracic duct. 

The lymphatics have derived their name from the appearance of the fluid 
contained in their interior (lympha, water). They are also called absorbents, 
from the property they possess of absorbing certain materials from the tissues 
and conveying them into the circulation. 

The lymphatics are exceedingly delicate vessels, the coats of which are so 
transparent that the fluid they contain is readily seen through them. They 
retain a nearly uniform size, being interrupted at intervals by constrictions, 
which give them a knotted or beaded appearance. These constrictions are due 
to the presence of valves in their interior. Lymphatics have been found in 
nearly every texture and organ of the body which contains blood-vessels. Such 
non-vascular structures as cartilage, the nails, cuticle, and hair have none, but 
with these exceptions it is probable that eventually all parts will be found to 
be permeated by these vessels. 

The lymphatics are arranged into a superficial and a deep set. The superficial 
lymphatics, on the surface of the body, are placed immediately beneath the 
integument, accompanying the superficial veins ; they join the deep lymphatics 
in certain situations by perforating the deep fascia. In the interior of the body 
they lie in the submucous areolar tissue, throughout the whole length of the 
gastro-pulmonary and genito-urinary tracts ; and in the subserous tissue in the 
cranial, thoracic, and abdominal cavities. The method of their origin has been 
described along with the other details of their minute anatomy. Here it will 
be sufficient to say that a plexiform network of minute lymphatics may be 
found interspersed among the proper elements and blood-vessels of the several 
tissues; the vessels composing which, as well as the meshes between them, are 
much larger than those of the capillary plexus. From these networks small 
vessels emerge, which pass, either to a neighbouring gland, or to join some larger 
lymphatic trunk. The deep lymphatics, fewer in number, and larger than the 
superficial, accompany the deep blood-vessels. Their mode of origin is probably 
similar to that of the superficial vessels. The lymphatics of any part or 
organ exceed the veins in number, but in size they are much smaller. Their 
anastomoses also, especially those of the large trunks, are more frequent, 
and are effected by vessels equal in diameter to those which they connect, the 
continuous trunks retaining the same diameter. 

The lymphatic or absorbent glands, named also conglobate glands, are small, 
solid, glandular bodies, situated in the course of the lymphatic and lacteal vessels. 
In size they vary from a hemp-seed to an almond, and their colour, on section, 1s 
of a pinkish-grey tint, excepting the bronchial glands, which in the adult are 
mottled with black. Each gland has a layer or capsule of cellular tissue invest- 
ing it, from which prolongations dip into its substance, forming partitions. The 
lymphatic and lacteal vessels pass through these bodies in their passage to the 
icio and lymphatic ducts. A lymphatic or lacteal vessel, previous to entering 
a gland, divides into several small branches, which are named afferent vessels. 
As they enter, their external coat becomes continuous with the capsule of the 
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gland, and the vessels, much thinned, and consisting only of their internal or 
endothelial coat, pass into the gland, and branch out upon and in the tissue of 
the capsule ; these branches opening into the lymph sinuses of the gland. From 


these sinuses fine branches proceed to form a plex 


Fic. 529.—The thoracic and right lymphatic duct. 
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us, the vessels of which unite 


to form a single efferent 
vessel, which, on emerging 
from the gland, is again 
invested with an external 
coat. Further details on the 
minute anatomy of the 


_ lymphatic vessels and glands 


will be found in the section 
on General Anatomy. 


Tsoracic Duct 


The thoracic duct (fig. 
529) conveys the great mass 
of the lymph and chyle into 
the blood. It is the common 
trunk of all the lymphatic 
vessels of the body, excepting 
those of the right side of the 
head, neck, and thorax, and 
right upper extremity, the 
right lung, right side of the 
heart, and the convex surface 
of the liver. In the adult it 
varies in length from fifteen 
to eighteen inches, and ex- 
tends from the second lumbar 
vertebra to the root of the 
neck. It commences in the 
abdomen by a triangular dila- 
tation, the receptaculum chyli 
(reservoir or cistern of Pec- 
guet), which is situated on 
the front of the body of the 
second lumbarvertebra, to the 
right side of and behind the 
aorta, by the side of the right 
erus of the Diaphragm. It 
ascends into the thorax 
through the aortic opening in 
the Diaphragm, and is then 
placed in the posterior me- 
diastinum between the aorta 
and vena azygos major. Here 
it lies in front of the vertebral 
column, from which it is 
separated by the right inter- 
costal arteries and by the 
azygos minor veins as the 
latter cross the middle line 
to open into the vena azygos 
major. Opposite the fifth 
dorsal vertebra, it inclines 


towards thejleft side and ascends behind the arch of the aorta, on the left side 
of the cesophagus, and behind the first portion of the left subclavian artery to 
the upper orifice of the thorax. Opposite the seventh cervical vertebra, it turns 
outwards in front of the vertebral vein and artery, behind the left internal 
carotid artery and vagus nerve, and then curves downwards over the subclavian 
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artery, and in front of the Scalenus anticus muscle and the phrenic nerve, so as to 
form an arch ; it terminates in the left subclavian vein, at its angle of junction 
with the left internal jugular vein. The thoracic duct, at its commencement, is 
about equal in size to the diameter of a goose-quill, but diminishes considerably 
in its calibre in the middle of the thorax, aad is again dilated just’ before its 
termination. It is generally flexuous in its course, and constricted at intervals 
so aS to present a varicose appearance. Not infrequently it divides in the middle 
of its course into two branches of unequal size, which soon reunite, or into 
several branches which form a plexiform interlacement. It occasionally divides, 
at its upper part, into two branches, right and left; the left terminates in the 
usual manner, while the right opens into the right subclavian vein, in connection 
with the right lymphatic duct. The thoracic duct has several valves throughout 
its course: at its termination it is provided with a pair of valves, the free borders 
of which are turned towards the vein, so as to prevent the passage of venous 
blood into the duct. l 

The receptaculum chyli receives the two lumbar lymphatic trunks, right and 
left, and the intestinal lymphatic trunk. The lumbar lymphatic trunks are formed 
by the union of the efferent vessels from the lymphatic glands which are situated 
on either side of the aorta. They drain the lymph from the lower limbs, from the 
walls and viscera of the pelvis, from the kidneys and guprarenal bodies, together 
with the deep lymphatics of the greater part of the abdominal wall. The 
intestinal lymphatic trunk drains the lymph from the stomach and small intestine, 
from the pancreas and spleen, and from the lower and front part of the liver, 

Tributaries.—Opening into the commencement of the thoracic duct is a 
descending trunk from the lower posterior intercostal glands. This trunk may 
be duplicated, and may terminate in the receptaculum chyli. Within the thorax, 
the thoracic duct is joined by the lymphatic vessels from the left half of the wall 
of the thoracic cavity, the lymphatics from the sternal and intercostal glands, 
those of the left lung and pleura, left side of the heart, trachea, and oesophagus ; 
and, just before its termination, it receives the lymphatics of the left side of the 
head and neck through the left jugular trunk, and of the left upper extremity 
through the left subclavian trunk. The last frequently opens separately from 
the thoracic duct. 

Structure.—The thoracic duct is composed of three coats, which differ in 
some respects from those of the lymphatic vessels. The internal coat consists 
of a fos layer of flattened lanceolate-shaped endothelial cells, with serrated 
borders: of a subendothelial layer similar to that found in the arteries; and an 
elastic fibrous coat, the fibres of which run in a longitudinal direction. The 
middle coat consists of a longitudinal layer of white connective tissue with elastic 
fibres, external to which are several laminæ of muscular tissue, the fibres of 
which are for the most part disposed transversely, but some are oblique or 
longitudinal, and intermixed with elastic fibres. The external coat is composed 
of areolar tissue, with elastic fibres and isolated fasciculi of muscular fibres. 

The Right Lymphatic Duct is a short trunk, about half an inch in length, and 
a line or a line and a half in diameter. It is formed by the junction of the 
lymphatic vessels of the right side of the head and neck with those of the right 
upper extremity, and courses along the inner border of the Scalenus anticus at 
the root of the neck. It terminates in the right subclavian vein, at its angle of 
junction with the right internal jugular vein. Its orifice is guarded by two 
semilunar valves, which prevent the passage of venous blood into the duct. 

Tributaries.—It receives the lymph from the right side of the head and neck 
through the right jugular trunk; from the right upper extremity, through the right 
subclavian trunk ; from the right side of the thorax, the right lung and right side 
of the heart, and from part of the convex surface of the liver, through what is 
sometimes termed the right broncho-mediastinal trunk. These three collecting 
trunks frequently open separately in the angle of union of the two veins. 


LYMPHATICS OF THE HEAD, FACE, AND NECK 


The lymphatic glands of the head (fig. 530) are arranged in the following 
groups: (1) The occipital, one or two in number, placed at the back of the head, 
on the insertion of the Complexus, close to the occipital artery. (2) The posterior 
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auricular or mastoid, usually two in number, situated on the insertion of the 
Sterno-mastoid to the mastoid process. Both these sets of glands are affected in 
cutaneous eruptions and other diseases of the scalp. (3) The parotid or pre- 
auricular, some of which are superficial to, and others are embedded in, the 
substance of the parotid gland; the latter are mostly grouped in relation to the 
external carotid artery and the external jugular vein. (4) The buccal, one 
or more, placed on the surface of the Buccinator muscle. (5) The supra- 
maxillary, on the outer surface of the mandible, in front of the Masseter, in 
contact with the facial vessels. (6) The internal maaillary, beneath the ramus of 
the jaw, in company with the internal maxillary artery. (7) The lingual, two or 


Fic. 530.—The superficial lymphatics and glands of the head, face, and neck. 





three small nodules, lying on the Hyo-glossus and on and under the Genio-hyo- 
glossus. (8) The retro-pharyngeal, lying one on each side of the middle ere 
front of the Rectus capitis anticus major, which intervenes between them and 
the ae pi of the atlas. 

The lymphatic vessels of the scalp are divisible into (a) those of the frontal 
region, which terminate in the parotid glands; (b) of ln ee which 
end in the parotid and mastoid glands ; and (c) those of the occipital region, which 
terminate partly in the occipital glands and partly in a trunk which runs down 
O ata a Sterno-mastoid to join the glands in the lower part of the neck. 

i e lymphatic vessels of the pinna and external auditory meatus are 
collected into three sets of vessels: an anterior, which joins the parotid glands ; 


a posterior, which passes to the mastoid glands ; -e i 
irae cone athe a astoid glands ; and an inferior, which terminates 
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F The lymphatic vessels of the face are divided into two sets, superficial and 
eep. 

The superficial lymphatic vessels of the face are more numerous than those of 
the scalp, and commence over its entire surface. Those from the nose terminate 
partly in the parotid, but chiefly in those of the submaxillary group of glands. 
The latter receive most of the lymphatic vessels from the lips, and are often 
found enlarged in cases of malignant disease of those parts. Those which drain 
the middle part of the lower lip end in the suprahyoid glands. 

The lymphatic vessels of the cranium consist of two sets, the meningeal and 
cerebral. The meningeal lymphatics accompany the meningeal vessels, escape 
through foramina at the base of the skull, and join the internal maxillary and 
deep cervical lymphatic glands. The cerebral lymphatws are described by 
Eshmann as being situated between the arachnoid and pia mater, as well as in 
the choroid plexuses of the lateral ventricles; they accompany the trunks of 
the carotid and vertebral arteries, and pass through foramina at the base of 
the skull, to terminate in the deep cervical glands. In the brain, they assume 
the form of perivascular lymphatic spaces around the branches of the arteries. 
These spaces are said, by some observers, to be lined by endothelium ; but 
others dispute this. 

The lymphatics of the orbit and of the temporal and zygomatic fosse run with 
the branches of the internal maxillary artery to the internal maxillary glands, 
and afterwards to the deep cervical. 

The lymphatics of the nasal fossæ can be injected from the subdural and 
subarachnoid spaces. Those from the anterior part of the fossæ terminate in 
the submaxillary glands; those from the posterior two-thirds of the fosse pass 
partly to the retro-pharyngeal and partly to the deep cervical glands. 

The lymphatics of the tongue are chiefly drained into the deep cervical glands 
which lie between the posterior belly of the Digastric and the posterior belly of 
the Omo-hyoid. To reach their destination the vessels take different directions : 
some pierce the wall of the pharynx ; others run over or under the Hyo-glossus, 
and in the course of these small lymphatic nodules (lingual glands) are found ; 
while others pass between the Genio-hyo-glossi muscles. Some of the vessels 
which drain the margins and lateral portions of the dorsum of the tongue 
pierce the Mylo-hyoid, and end in the submaxillary glands ; while from the tip of 
the tongue the lymph is carried partly into the suprahyoid glands, and partly 
into one of the lower of the deep cervical glands. 

From the upper part of the pharynx the lymphatics pass to the retro- 
pharyngeal glands, from the lower part to the deep cervical glands. From the 
larynx two sets of vessels arise, an upper and a lower. The vessels of the upper 
set pierce the thyro-hyoid membrane, and join the superior group of dee 
cervical glands. Of the lower set, some pierce the crico-thyroid membrane an 
join the pretracheal and deep cervical glands; while others run between the 
cricoid and first tracheal ring, and enter the deep glands situated above the 
clavicle. The lymphatics of the thyroid body consist of two sets of vessels: an 
upper, which accompanies the superior thyroid artery, and enters the superior 
group of deep cervical glands ; and a lower, which runs partly to the pretracheal 
glands, and partly to the small glands which accompany the laryngeal branch of 
the inferior thyroid artery. 

The Lymphatic glands of the neck are divided into two sets, superficial and deep. 

The superficial cervical glands may be arranged in three sets: (r) the 
submaxillary, eight to ten in number, situated beneath the body of the lower jaw 
in the submaxillary triangle ; (2) suprahyoid or submental, one or two in number, 
situated in the middle line of the neck, between the anterior bellies of the two 
Digastric muscles ; (3) pretracheal, one or two in number, in front of the trachea. 
Sometimes one or two small glands are found in front of the crico-thyroid 
membrane (prelaryngeal) ; and (4) cervical, four or five in number, placed in the 
course of the external jugular vein between the Platysma and deep fascia. A 
few small glands are sometimes found accompanying the anterior jugular vein. 

The deep cervical glands (fig. 531) are numerous and of large size; they 
form a chain along the sheath of the carotid artery and internal jugular vein, 
lying by the side of the pharynx, esophagus, and trachea, and extending from 
the base of the skull to the root of the neck. They are subdivided into two 
sets: an upper, ten to twenty in number, situated about the bifurcation of the 
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i À jugular vein; and 
tid and along the upper part of the internal jugu in ; 

uena a fifteen in e clustered around the lower part of the internal 

‘noular vein, and extending outwards into the supraclavicular fossa, where 

‘ii are continuous with the axillary glands. Internally, this set is continuous 

with the mediastinal glands. A few minute glands are situated alongside of 

the recurrent laryngeal nerves, in relation to the lateral aspect of the trachea 
wa and deep cervical lymphatic vessels are a continuation of 
those already described on the cranium and face. After traversing the glands 
in those regions, they pass through the chain of glands which lies along the 


Fig. 531.—The deep lymphatics and glands of the neck and thorax. 
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sheath of the carotid vessels, being joined by the lymphatics from the pharynx, 
cesophagus, larynx, trachea, and thyroid gland. At the lower part of the neck, 
after receiving some lymphatics from the thorax, they unite into a single trunk, 
which terminates, on the left side, in the thoracic duct: on the right side, in 
the right lymphatic duct. 


Surgical Anatomy.—The cervical glands are very frequently the seat of tuberculous 
disease. This condition is most usually set up by some lesion in those parts from which 
they receive their lymph. This excites inflammation, which subsequently takes on a 
tuberculous character. It is very desirable therefore for the surgeon, in dealing with 
these cases, to possess a knowledge of the relation of the respective groups of glands to 


the periphery. The following table is extracted from Sir Frederick Treves’s work on 
‘Scrofula and its Gland Diseases.’ 
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Scalp.—Posterior part=suboccipital and mastoid glands. Frontal and parietal 
portions = parotid glands. 

Lymphatic vessels from the scalp also enter the superficial cervical set of glands. 

Skin of face and neck = submaxillary, parotid, and superficial cervical glands. 

External ear = superficial cervical glands. 

Lower lip = submaxillary and suprahyoid glands. 

Buccal cavity = submaxillary and upper set of deep cervical glands. 

Gums of lower jaw = submaxillary glands. 

Tongue.—Anterior portion = suprahyoid and submaxillary glands. Posterior portion = 
upper set of deep cervical glands. 

Tonsils and palate = upper set of deep cervical glands. 

Pharyna.—Upper part = parotid and retro-pharyngeal glands. Lower part = upper set 
of deep cervical glands. 

Larynx, orbit, and roof of mouth=upper set of deep cervical glands. 

Nasal fossæ =retro-pharyngeal glands, upper set of deep cervical glands. Some 
lymphatic vessels from posterior part of the fosse enter the parotid glands. 


LYMPHATICS OF THE UPPER EXTREMITY 


The Lymphatic Glands of the Upper Extremity (fig. 532) are divided into 
two sets, superficial and deep. 

The superficial lymphatic glands are few and of small size. There are 
occasionally two or three in front of the elbow, and usually one or two above 
the internal epicondyle of the humerus, near the basilic vein, while one or two 
may be found lying beside the cephalic vein between the Pectoralis major and 
Deltoid muscles, immediately below the clavicle. 

The deep lymphatic glands are subdivided into those in the forearm, the arm, 
and the axilla. In the forearm, a few small ones are occasionally found in the 
course of the radial and ulnar vessels. In the arm, there is a chain of small 
glands along the inner side of the brachial artery. One, sometimes two, fairly 
constant glands are situated a little above and in front of the inner epicondyle 
of the humerus. In the azilla they are of large size, vary from twenty to thirty 
in number, and are arranged in the following groups: (1) An external chain of 
from four to six glands lies in relation to the front and inner aspects of the 
axillary vessels; they receive the lymphatic vessels from the arm; (2) a pectoral 
chain, consisting of four or five glands, runs along the lower border of the 
Pectoralis major, and receives the lymphatics from the front of the chest and 
from the outer two-thirds of the mammary gland; (3) a subscapular chain, of 
six or seven glands, is placed along the lower margin of the posterior wall of the 
axilla, and receives the lymphatics from the lower part of the back of the neck 
and from the lateral and dorsal parts of the upper part of the trunk; (4) two 
or three subclavian or nfraclavicular lymphatic glands are placed immediately 
beneath the clavicle; (5) a central group of three or four glands is embedded 
in the adipose tissue near the base of the axilla. The efferent vessels from 
the axillary glands vary from one to three or four in number. They accompany 
the subclavian vein into the neck, and end, on the right side, by joining the right 
lymphatic duct, on the left side by opening into the thoracic duct. 


Surgical Anatomy.—In malignant diseases, tumours, or other affections implicating 
the upper part of the back and shoulder, the front of the chest and mamma, the upper 
part of the front and side of the abdomen, or the hand, forearm, and arm, the axillary 
glands are liable to be found enlarged. 


The Lymphatic vessels of the upper extremity are divided into two sets, 
superficial and deep. l 

The superficial lymphatic vessels of the upper extremity commence in the 
lymphatic plexus, which everywhere pervades the skin, the meshes of which are, 
however, much finer in the palm and on the flexor aspect of the digits than else- 
where. The digital plexuses are drained by a pair of vessels on the lateral 
aspect of each digit, which incline backwards to reach the dorsum of the hand. 
From the dense plexus of the palm the vessels pass in different directions, some 
upwards towards the wrist, others downwards to join the digital vessels, others 
inwards to join the vessels on the ulnar border of the hand, and others outwards 
to those on the thumb. From the central part of the plexus several vessels unite 
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unk, which passes round the metacarpal bone of the index finger 
fe a a oan on ee back of that digit and on the back of the ES, 
Running upwards in front of and behind the wrist, the vessels are co ecter 
into radial, median, and ulnar groups, which accompany the corresponding ape 
ficial veins. A few of the ulnar lymphatics terminate In the supratrochlear 
glands: some of the radial vessels are collected into a trunk, which ascends 
with the cephalic vein to the glands between the Pectoralis major and Deltoid ; 


Fic. 532.—The superficial lymphatics and glands of the upper extremity. 
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while a few of the median vessels terminate in the glands in front of the elbow, 
when these are present. All the remaining vessels are continued upwards to 
the axilla, where they terminate in the external group of axillary glands. 

The deep lymphatic vessels of the upper extremity accompany the deep blood- 
vessels. In the forearm, they consist of four sets, corresponding with the radial, 
ulnar, and interosseous arteries ; they communicate at intervals with the super- 
ficial lymphatics, and some of them end in the glands which are occasionally 
found beside the arteries. In their course upwards, a few end in the glands 


which lie upon the brachial artery; but most of them pass to the external set of 
axillary glands. 
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LYMPHATICS OF THE LOWER EXTREMITY 


The Lymphatic Glands of the Lower Ex- 
tremity are divided into two sets, superficial 
and deep. The superficial are confined to 
tbe inguinal region, forming the superficial 
inguinal lymphatic glands. 

The superficial inguinal lymphatic 
glands, placed immediately beneath the 
integument, are of large size, and vary 
from eight to twenty in number. They are 
divisible into two groups: an upper oblique 
set, disposed irregularly along Poupart’s 
ligament, which receives the lymphatic 
vessels from the integument of the scrotum, 
penis, parietes of the abdomen, perineal 
and gluteal regions, and the mucous mem- 
brane of the urethra in the male and the 
lower part of the vagina in the female; and 
an inferior vertical set, which surrounds the 
saphenous opening in the fascia lata; a 
few being sometimes continued along the 
saphenous vein for a variable distance. 
This latter group receives the superficial 
lymphatic vessels from the lower extremity. 
Some of the efferent vessels of these glands 
terminate in the deep inguinal glands, but 
most of them pass to the external iliac 
glands.* 


Surgical Anatony.—The superficial inguinal 
glands frequently become enlarged in diseases im- 
plicating the parts from which their lymphatics 
originate. Thus in malignant or syphilitic affec- 
tions of the prepuce and penis, or of the labia 
majora in the female, in cancer scroti, in abscess 
in the perineum, or in any other diseases affecting 
the integument and superficial structures in those 
parts, or the subumbilical part of the abdominal 
wall, or the gluteal region, the upper chain of 
glands is almost invariably enlarged, the lower 
chain being implicated in diseases affecting the 
lower limb. 

The following table, showing the relation of 
the respective groups of glands to the periphery, 
is extracted from Sir Frederick Treves’s ‘Surgical 
Applied Anatomy °: 

Superficial vessels of lower limb = vertical 
set of superficial glands. 

Superficial vessels of lower half of abdomen 
= middle glands of horizontal set. 

Superficial vessels from outer surface of 
buttock = external glands of horizontal set. 

From inner surface of buttock = internal 
glands of horizontal set. (A few of these vessels 
go to the vertical glands.) 

Superficial vessels from external gemtals = 
horizontal glands, some few going to vertical set. 

Superficial vessels of perineum = vertical set. 

Deep lymphatics of lower limb = deep set of 
glands. 


eR 





* These glands are variously grouped by 
different anatomists, and such grouping is to u 
large extent artificial, since vessels from the same 
region (e.g. perineum and scrotum) may termi- 
nate in both of the groups above-mentioned. 





Fic. 533.—The superficial lymphatics 
and glands of the lower extremity. 
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The deep lymphatic glands are: the anterior tibial, popliteal, deep inguinal, 
gluteal, and ischiatic. |. 

The anterior tibial gland is not constant in its existence. It is generally 
found by the side of the anterior tibial artery, upon the interosseous membrane 
at the upper part of the leg. Occasionally, two glands are found in this 
situation. l 

The popliteal glands, four or five in number, are of small size; they surround 
the popliteal vessels, and are embedded in the cellular tissue and fat of the 
popliteal space. 

The deep inguinal glands, two or three in number, are placed beneath the 
deep fascia on the inner side of the femoral vein, the highest being placed in the 
crural canal. They are of small size, and communicate with the superficial 
inguinal glands through the saphenous opening. Their efferent vessels end in 
the external iliac glands. 

The gluteal and ischiatic glands are placed, the former above, the latter 
below, the Pyriformis muscle, resting on their corresponding vessels as they 
pass through the great sacro-sciatic foramen. 

The Lymphatic vessels of the lower extremity, like the veins, may be divided 
into two sets, superficial and deep. 

The superficial lymphatic vessels are placed beneath the integument in the 
superficial fascia, and are divisible into two groups: an internal group, which 
follows the course of the internal saphenous vein ; and an external group, which 
accompanies the external saphenous. The vessels of the internal group are larger 
and more numerous than those of the external group, and commence on the 
‘nner side and dorsum of the foot; they pass, some in front and some behind the 
inner ankle, run up the leg with the internal saphenous vein, pass with it behind 
the inner condyle of the femur, and accompany it to the groin, where they 
terminate in the inferior group of superficial inguinal lymphatic glands. Some of 
the efferent vessels from these glands pierce the cribriform fascia and sheath 
of the femoral vessels, and terminate in the gland contained in the crural canal. 
The vessels of the external group arise from the outer side of the foot, ascend in 
front of the leg, and, just below the knee, cross the tibia from without inwards, to 
join the lymphatics on the inner side of the thigh. Others commence on the outer 
side of the foot, pass behind the outer malleolus, and accompany the external 
saphenous vein along the back of the leg, where they enter the popliteal glands. 

The deep lymphatic vessels of the lower extremity are few in number, and 
accompany the deep blood-vessels. In the leg, they consist of three sets, the 
anterior tibial, peroneal, and posterior tibial, which accompany the corresponding 
blood-vessels, two or three with each artery; they ascend with the blood-vessels, 
and enter the lymphatic glands in the popliteal space; the efferent vessels from 
these glands accompany the femoral vein, and join the deep inguinal glands ; 
from these, the vessels pass beneath Poupart’s ligament, and communicate with 
the external iliac glands. 

The deep lymphatic vessels of the gluteal and ischiatic regions follow the 
course of the blood-vessels, and join the gluteal and ischiatie glands at the great 
sacro-sciatic foramen. 


LYMPHATICS OF THE ABDOMEN AND PELVIS 


The lymphatic glands of the abdomen and pelvis may be divided into 
(a) parietal = O add the sone are situated behind the peritoneum, in 
close association wi e larger blood-vessels; th 
to the walls and blood-vessels Si the viscera. beat i 

The parietal glands are grouped as follows : 

The external iliac glands are from eight to ten in number, and lie along the 
front and lateral aspects of the external iliac vessels. Three of them are placed 
immediately above Poupart’s ligament—one on the outer, another on the inner 
and a third on the anterior aspect of the vessels; the last, however, is soni@llines 
absent. The principal efferents of the external iliac glands are ' derived from 
(a) the superficial and deep inguinal glands, (b) the deep lymphatics of the 
abdominal wall, below the level of the umbilicus, the glans penis, membranous 
urethra, prostate, and base of bladder. Small chains of glands are sometimes 
found in the course of the deep epigastric and deep circumflex iliac arteries, 
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while an additional gland (obturator) may be occasionally seen on the inner 
aspect of the obturator foramen. 

The internal iliac glands surround the internal iliac vessels, and receive the 
lymphatics corresponding to the distribution of the branches of the internal iliac 
artery: ie. they receive lymphatics from all the pelvic viscera, from the 
prostatic and membranous parts of the urethra, from the deeper parts of the 
perineum, buttock, and back of thigh 


Fic. 534.—The deep lymphatic vessels and glands of the abdomen and pelvis. 
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The sacral glands are placed in the concavity of the sacrum, some being 
situated in the mesorectal fold (rectal glands); they receive lymphatics from the 
rectum and posterior wall of the pelvis. h i 

The common iliac glands, four to six in number, are grouped in relation to 
the anterior and lateral aspects of the common iliac artery; one or two being 

laced below the bifurcation of the aorta, in front of the fifth lumbar vertebra. 
They chiefly drain the internal and external iliac glands. 
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The lumbar glands are very numerous, and consist of lateral and mesial 
pain The Prt lumbar glands are small, and lie behind the Psoas between 
the transverse processes of the vertebræ ; they receive the lymphatics which 
accompany the lumbar arteries. The mesial lumbar glands are partly grouped 


are placed in front of the vessels (pre-aortic glands), while others (retro-aortic) 
lie behind them. Those in relation to the lateral aspects of the vessels receive 


lymphatic trunk, which terminates in the On ae chyli, 

The principal groups of visceral glands will be referred to in connection with 
the description of the lymphatics of the abdominal and pelvic organs. 

The Lymphatic vessels of the abdomen and pelvis may be divided into two 
sets, superficial and deep. 

The superficial lymphatic vessels of the walls of the abdomen and pelvis 
follow the course of the superficial blood-vessels. Those derived from the 
integument of the lower part of the abdomen below the umbilicus follow the 
course of the superficial epigastric vessels and converge to the superior group of 
the superficial inguinal glands ; a deeper set accompanies the deep epigastric 
and deep circumflex iliac vessels, and communicates with the external iliac 
glands. The superficial lymphatics from the sides of the lumbar part of the 
abdominal wall wind round the crest of the ilium, accompanying the superficial 
circumflex iliac vessels, to join the superior group of the superficial inguinal 
glands; the greater number, however, run backwards along with the ilio-lumbar 
and lumbar vessels, to join the lateral lumbar glands. 

The superficial lymphatic vessels of the gluteal region turn horizontally 
round the outer side of the nates, and join the superficial inguinal glands. 

The superficial lymphatic vessels of the scrotum and perineum follow the 
i of the external pudic vessels, and terminate in the superficial inguinal 
glands. 

The superficial lymphatic vessels of the penis occupy the sides and dorsum of 
the organ, the latter receiving the lymphatics from the skin covering the glans 
penis; they terminate chiefly in the upper chain of the superficial inguinal 
glands. The lymphatics of the glans penis accompany the deep dorsal vein, and 
form a plexus near the root of the penis. From this plexus two or three vessels 
pass outwards with the deep external pudic artery to the gland in the crural 
canal, and to the lower of the external iliac glands; one vessel runs with the 
spermatic cord, and ends in the outer of the three lower external iliac glands. 
The deep lymphatic vessels of the penis follow the course of the internal pudic 
vessels, and join the internal iliac glands. 

In the female, the lymphatic vessels of the mucous membrane of the labia, 
nymph, and clitoris terminate in the upper chain of the inguinal glands. 

The deep lymphatic vessels of the abdomen and pelvis take the course of the 
principal blood-vessels. Those of the parietes of the pelvis, which accompany 
the gluteal, ischiatic, and obturator vessels, follow the course of the internal iliac 
artery, and ultimately join the lumbar lymphatics. 

The efferent vessels from the inguinal glands enter the pelvis beneath 
Poupart’s ligament, where they lie in close relation with the femoral vein: they 
then pass through the chain of glands surrounding the external iliac vessels, and 
finally terminate in the lumbar glands. They receive the deep epigastric and 
an pee do — i 

e lymphatic vessels of the bladder arise from the entir 
oms a i me “wes of a bladder are directed anal 7 wee 
lac glands; those from the posterior surface termi i 
= d common ee p erminate in the external, internal, 
e lymphatics of the prostate terminate chiefly in the internal iliac and saer 
glands ; but one vessel is described as passing to one of the external iliac a 
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The lymphatics of the vagina are carried in three directions: those of the 
upper part, to the external iliac glands ; those of the middle part, to the internal 
iliac glands; and those of the lower part, to the common iliac glands. Some 
lymphatics from the lower part of the vagina join those of the external genitals, 
and pass to the superficial inguinal glands. 

The lymphatic vessels of the uterus consist of two sets, superficial and deep ; 
the former being placed beneath the peritoneum, the latter in the substance of 
the organ. The lymphatics of the cervix uteri enter the internal iliac and sacral 
glands; those from the body and fundus of the uterus pass outwards in the 
broad ligaments, and, being joined by the lymphatics from the broad ligaments 
and Fallopian tubes, ascend with the ovarian vessels to open into the lumbar 
glands. In the unimpregnated uterus they are small; but during gestation they 
become very greatly enlarged. 

The lymphatic vessels of the testicle consist of two sets, superficial and deep ; 
the former commence on the surface of the tunica vaginalis, the latter in the 
epididymis and body of the testis. They form several large trunks, which ascend 
with the spermatic cord, and, accompanying the spermatic vessels into the 
abdomen, terminate in the lumbar glands; hence the enlargement of these 
glands in malignant disease of the testis. The lymphatic vessels of the ovary 
have a similar termination. 

The lymphatic vessels of the kidney arise on the surface, and also in the 
interior of the organ; they join at the hilum, and, after receiving the lymphatic 
vessels from the ureter and suprarenal capsules, open into the lumbar glands. 

The hepatic glands are four or five in number, and lie between the two layers 
of the small omentum near the transverse fissure of the liver; their etferent 
vessels end in the coeliac glands. 

The lymphatic vessels of the liver are divisible into two sets, superficial and 
deep. The former arise in the subperitoneal areolar tissue over the entire 
surface of the organ, and may be grouped into (a) those on the convex surface, 
and (b) those on the under surface. 

(a) On the convex surface. From the back part of this surface the vessels take 
three courses. From its middle portion, some four or five vessels pass through 
the caval opening in the Diaphragm, and end in one or two glands which are 
situated around the terminal part of the inferior vena cava. From the right lobe, 
one or two vessels run on the ventral surface of the Diaphragm, and, after crossing 
the right crus, terminate in one of the coeliac glands. From the left lobe, a few 
vessels pass backwards towards the cesophageal opening, and end in the gastric 
or coronary glands. From the portions of the right and left lobes of the liver 
which are adjacent to the falciform ligament, several vessels arise which converge 
to form a large trunk: this pierces the Diaphragm, and ends in the glands of the 
anterior mediastinum. From the anterior surface, a few vessels turn round the 
anterior sharp margin of the liver, and end in the glands of the hepatic chain ; 
while others pierce the liver substance and join the deep lymphatics. 

(b) On the under surface. The vessels on this surface mostly converge to the 
transverse fissure, and accompany the deep lymphatics which emerge from this 
fissure ; but one or two from the right and Spigelian lobes accompany the vena 
cava through the Diaphragm, and end in the glands around the terminal part of 
this vessel. 

The deep lymphatics consist of ascending and descending trunks. The 
ascending trunks accompany the hepatic veins, and pass through the Diaphragm 
to end in the glands around the terminal part of the inferior vena cava. The 
descending trunks emerge from the transverse fissure, and end in the glands of 
the hepatic chain. 

The gastric glands are found along the greater and lesser curvatures, 
accompanying the epiploic and coronary arteries respectively. A considerable 
number of glands are found in the neighbourhood of the pylorus. 

The lymphatic vessels of the stomach consist of two sets, super, ‘ficial and 
deep ; the former originating in the subserous, and the latter in the submucous 
coat. They follow the course of the blood-vessels, and may consequently be 
arranged into three groups. Those of the first group accompany the gastric 
vessels along the lesser curvature to the cardiac orifice, receiving branches from 
both surfaces of the organ, and pass ultimately to the cosliac glands. ‘Those of 
the second group pass from the great end of the stomach, accompanying the vasa 
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revia, and enter the splenic lymphatic glands. The vessels of the third group 

= along the peer eres cD the right gastro-epiploic vessels towards 
the pylorus, and, receiving the lymphatics from the upper part of the duodenum, 
terminate in the coeliac glands. A ae 

The lymphatic glands of the spleen accompany the splenic vessels, an k: in 
relation to the upper part of the posterior surface of the pancreas. Its lymp a 
vessels consist of two sets, superficial and deep : the former being placed beneath 
its peritoneal covering, the latter in the substance of the organ ; they accompany 
the blood-vessels, receive the lymphatics from the pancreas, and ultimately pass 
into the cosliac glands. 

The lymphatics of the pancreas also enter the cceliac glands. 


THe LYMPHATIC System OF THE INTESTINES 


The mesenteric lymphatic glands (lymphatic glands of the small intestine) are 
situated between the two layers of the mesentery. They vary in number from 
one hundred to one hundred and fifty,* and may be divided into three sets: one 
lying near the intestine, a second in relation to the primary branches and loops 
of the superior mesenteric artery, and a third along the trunk of the artery. The 
last group receives not only the vessels from the small intestine, but the efferents 
from the ileo-cæcal and colic glands. 

The ileo-cescal glands, some half a dozen in number, occupy the angle 
between the terminal part of the ileum and the commencement of the ascending 
colon. One or two small appendicular glands are usually seen in the base of 
the meso-appendix. 

The colic glands are found in relation to the ascending, transverse, descending, 
and ileo-pelvic poets of the colon, and are associated with the colic branches of 
the superior and inferior mesenteric arteries. 

The rectal glands lie between the two layers of the mesorectum, and have 
already been referred to in connection with the sacral glands. 

The lymphatic vessels of the small intestine are called lacteals from the 
milk-white fluid they usually contain; they consist of two sets, superficial and 
deep: the former lie between the layers of the muscular coat and between the 
muscular and peritoneal coats, taking a longitudinal course along the outer side 
of the intestine; the latter occupy the submucous tissue, and course trans- 
versely round the intestine, accompanied by the branches of the mesenteric 
vessels ; they pass between the layers of the mesentery, enter the mesenteric 
glands, the efferents of which terminate in the pre-aortic glands. 

The lymphatic vessels of the cecum and vermiform appendix are numerous, 
since the lymphoid tissue in the appendix is extremely well developed. Those 
from the cecum consist of anterior and posterior groups; they pass to the ileo- 
cecal glands, the efferents of which terminate in the mesenteric glands. Four 
or five vessels drain the appendix, and, after traversing the appendicular and 
ileo-cæcal glands, finally end in the mesenteric glands. 

Lymphatic vessels of the colon.—The vessels from the ascending and trans- 
verse parts of the colon finally terminate in the mesenteric glands; those from 
the descending and ileo-pelvic parts of the colon ultimately end in the lumbar 
and pre-aortic glands. 

Lymphatic vessels of the rectum.—Those from the anus end in the inguinal 
glands ; those from the region of the anal canal, in the internal iliac glands ; 


while the vessels from the remainder of the tube terminate in the glands which 
are situated in the mesorectum. 


THE LYMPHATICS OF THE THORAX 


The lymphatics of the thorax may be divided into parietal and visceral—the 
former being situated in the thoracic wall, the latter in relation to the viscera. 
The parietal lymphatic glands include the following : 
_ _ I. The internal mammary glands are placed at the anterior extremity of each 
intercostal space, by the side of the internal mammary artery. They derive 


* Leaf says (The Surgical Anatomy of the L ; : 
more than forty or fifty. 9 y of the Lymphatics) that frequently there are not 
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afferents from the mammary gland, from the deeper structures of the anterior 
abdominal wall above the level of the umbilicus, from the upper surface of the 
liver through a small group of glands which lie behind the ensiform cartilage, 
and from the deeper parts of the anterior portion of the thoracic wall. The 
efferents of the right chain open into the right lymphatic duct, those of the 
left chain into the thoracic duct. Sometimes the Havent join to form a single 
trunk on each side, and this may open independently at the junction of the 
internal jugular and subclavian veins. 

2. The intercostal glands occupy the posterior parts of the intercostal spaces, 
where they lie in relation to the intercostal vessels. They receive the deep 
lymphatics from the postero-lateral aspect of the chest. The efferents of the 
glands in the lower four or five spaces unite to form a trunk, which descends 
and opens either into the receptaculum chyli or the commencement of the 
thoracic duct. The efferents of the glands in the upper spaces of the left side 
terminate in the thoracic duct; those of the corresponding right spaces, in the 
right lymphatic duct. 

3. The diaphragmatic glands lie on the thoracic aspect of the Diaphragm, and 
consist of: (a) two or three small glands behind the ensiform cartilage, which 
receive afferents from the convex surface of the liver, while their efferents join 
the internal mammary glands ; (b) one or two glands placed near the junction 
of the seventh rib with its cartilage, which receive some of the lymphatics from 
the Diaphragm ; (c) two or three small glands on each side, which are situated 
close to where the phrenic nerves enter the Diaphragm, and receive some of the 
lymphatics of the Diaphragm: those of the right side also receive afferents 
from the convex surface of the liver; (d) a few glands situated on the back of 
the diaphragmatic crura, and connected on the one hand with the lumbar 
glands, and on the other with the posterior mediastinal glands. 

The superficial lymphatic vessels of the thoracic wall ramify beneath the 
skin. They converge to the axillary glands, those over the pectoral region 
running backwards, those over the Serratus magnus upwards, and those over 
the Trapezius and Latissimus dorsi forwards. A few lymphatic vessels from the 
upper part of the pectoral region pass over the clavicle to the cervical glands. 
Further, it must be stated that the vessels of opposite sides anastomose across 
the front of the sternum. 

The lymphatics of the mammary gland mostly end in the pectoral group of 
axillary glands, but some from the inner part of the mamma pierce the Pectoralis 
major and Internal intercostals and join the internal mammary glands. A 
vessel has occasionally been found running upwards under the Pectoralis major 
to the subclavian glands. 

The deep lymphatics of the thoracic wall consist of : 

1. The lymphatics of the muscles which lie on the ribs: most of these 
terminate in the axillary glands. 

2. The intercostal lymphatic vessels drain the Intercostal muscles and parietal 
pleura. Those in the posterior part of the spaces run backwards and, after 
receiving the vessels which accompany the posterior branches of the intercostal 
arteries, terminate in the posterior intercostal glands. Those in the front part 
of the spaces run forwards and end in the internal mammary glands. The 
vessels which run backwards are said to drain the External, and those running 
forward the Internal intercostal muscles. 

3. The lymphatic vessels of the Diaphragm follow more or less closely the 
course of the corresponding blood-vessels, and end, behind, in the posterior 
mediastinal and lower intercostal glands ; in front, in the internal mammary and 
anterior mediastinal glands, and also in those diaphragmatic glands which lie 
behind the junction of the seventh rib with its cartilage. 

The visceral lymphatic glands include the following : l 

1, The anterior mediastinal glands lie in front of the pericardium, in the 
areolar tissue of the anterior mediastinum. They receive some afferents from 
the liver, and are drained partly into the superior mediastinal glands and partly 
into the thoracic and right lymphatic ducts. 

2. The superior mediastinal glands are situated partly at the sides of the 
trachea and in the angle of its bifurcation, and partly above the aortic arch, 
where they are especially grouped in relation to the right innominate vein and 
left subclavian artery. They receive afferents from the anterior mediastinal 
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glands, from the thymus, heart, and pericardium ; their efferents end in the 
thoracic and right lymphatic ducts. — a | 

3. The posterior mediastinal glands lie behind the pericardium in relation 
to the œsophagus and aorta. Their afferents are derived from the cesophagus, 
the posterior part of the pericardium, the Diaphragm and liver. Their efferents 
mostly terminate in the thoracic and right lymphatic ducts, but some join the 
bronchial glands. — 

4. The bronchial glands are large and numerous, and lie in relation to the 
extra-pulmonary bronchi and the larger branches of the intra-pulmonary bronchi. 
They receive the lymphatics of the lungs, and become brown or black in old 
age ; while they are frequently the seat of tuberculous deposits. 

The lymphatic vessels of the lung consist of two sets, superficial and deep. 
Those of the former are placed beneath the pleura, forming a minute plexus, which 
covers the outer surface of the lung; those of the latter accompany the blood- 
vessels, and run along the bronchi: they both terminate at the root of the lung 
in the bronchial glands. The efferent vessels from these glands, two or three in 
number, ascend upon the trachea to the root of the neck, traverse the tracheal 
and oesophageal glands, and terminate on the left side in the thoracic duct, and 
on the right side in the right lymphatic duct, or they may join with the efferent 
vessels from the internal mammary and superior mediastinal glands to form the 
broncho-mediastinal trunk. The left broncho-mediastinal trunk may join the 
thoracic duct, and the right, the right Hpenp laste duct ; but more frequently they 
open independently into the junction of the internal jugular and subclavian veins. 

The cardiac lymphatic vessels consist of two sets, superficial and deep: the 
vessels of the former set arise in the subserous areolar tissue of the surface, and 
those of the latter in the deeper tissues of the heart. They follow the course of 
the coronary vessels : those of the right side unite into a trunk at the root of the 
aorta, which, ascending across the arch of that vessel, communicates with one or 
more of the cardiac glands, and passes backwards to the trachea, upon which it 
ascends, to terminate at the root of the neck in the right lymphatic duct. Those 
of the left side unite into a single vessel at the base of the heart, which, passing 
along the pulmonary artery, and traversing some glands at the root of the aorta, 
ascends on the trachea to terminate in the thoracic duct. 

The thymic lymphatic vessels arise from the under surface of the thymus 
gland, and enter the superior mediastinal glands, from which they emerge as 
two vessels: these terminate, one on each side, in the corresponding internal 
jugular vein. 

The lymphatic vessels of the esophagus form a plexus round that tube, 
traverse the glands in the posterior mediastinum, and after communicating with 
a Eamon lymphatic vessels near the roots of the lungs, terminate in the 

oracic duct. 


THE NERVOUS SYSTEM 


| nervous system is the most complicated and the most highly organised of 

the various systems which make up the human body. It may be divided 
into two parts, viz. cerebro-spinal and sympathetic—a subdivision which is con- 
venient from a descriptive point of view, but is nevertheless quite arbitrary, since 
the two parts are not only intimately connected, but have a common ectodermal 
origin. 

The cerebro-spinal nervous system is associated with the functions of the 
special senses and with the voluntary movements of the body, and comprises the 
brain and spinal cord, together with the cranial and spinal nerves and their 
ganglia. The brain and spinal cord constitute the cerebro-spinal axis, and are con- 
tinuous with each other through the foramen magnum, the former being situated 
within the cranium, the latter within the vertebral canal. The sympathetic 
nervous system presides over the movements of the viscera, determines the 
calibre of the blood-vessels, and controls the phenomena of secretion. It consists 
of two rows of central ganglia, situated one on either side of the middle line, in 
front of the vertebral column: these ganglia are intimately connected with the 
spinal cord and its nerves, and are also joined to each other by vertical strands 
of nerve-fibres so as to constitute a pair of knotted cords, the gangliated cords of 
the sympathetic, which reach from the base of the skull to the coccyx. The 
sympathetic system also comprises three great prevertebral plexuses, which supply 
the thoracic, abdominal, and pelvic viscera: in relation to the walls of these 
viscera, intricate nerve-plexuses and numerous peripheral ganglia are found. 

The nervous system is built up of nervous and non-nervous tissues—the 
former consisting of nerve-cells and nerve-fibres; the latter, of neuroglia and 
blood-vessels, together with certain enveloping membranes. 

The minute structure of the nervous elements, and of the neuroglia, has been 
described in the chapter on Histology ; and an outline of the development of the 
nervous system furnished in that on Embryology. It may be stated here, 
however, that, in its earliest condition, the nervous system consists of cells only, 
and that the nerve-fibres arise as outgrowths or processes from the nerve-cells. 
Nerve-cells give off, as a rule, two kinds of processes, viz. a delicate filament 
termed an axon, or axis-cylinder process ; and several thicker branched offshoots, 
named dendrites. The nerve-cell, with its axon and dendrites, constitutes what 
is termed a neurone; and it is generally maintained that each neurone possesses 
an individuality of its own, and that its various processes only come into contact, 
but are never directly continuous, with those of the other neurones: there are, 
however, some who hold that direct continuity is established between neighbour- 
ing neurones by means of their dendrites. Dendrites and axons are alike con- 
ductors of nervous impulses: the former, however, convey them to, the latter from, 
the nerve-cell ; in other words, the dendrites form the paths of reception, the axon 
the path of transmission. 

A section across the brain or spinal cord exhibits two kinds of nervous tissue, 
white and grey. The white nervous tissue consists of axons which have acquired 
their myelin sheaths, and so constitute medullated nerve-fibres ; the grey nervous 
tissue is chiefly composed of nerve-cells. 


aE SPINAL ORD 


The spinal cord (fig. 535) is the elongated portion of the cerebro-spinal axis 
which occupies the upper two-thirds of the vertebral canal. It measures from 
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nteen to eighteen inches in length, and weighs, when divested of its mem- 
‘ei and nerves, a little over an aie ; its specific gravity is about 1°387. It 
follows the curvatures of that part of the vertebral canal in which it lies, but does 
not nearly fill the cavity, its ee eg spo ; bested nl 

i issue and a plexus of veins. It exte 
cena © ie ae ee of the atlas to the lower border of the 
Fre. 535.—Posterior view of the body of the first, or upper border of the body of 

spinal cord in situ. the second, lumbar vertebra. Its position varies, 
however, with the degree of curvature of the 
spinal column, being drawn slightly upwards 
when the column is bent forwards. Above, it is 
continuous with the medulla oblongata of the 
brain ; below, it ends in a conical extremity, the 
conus medullaris, the apex of which is prolonged 
downwards as a thread-like filament, the filum 
terminale, which is fixed to the back of the upper 
part of the coccyx. 

Thirty-one pairs of spinal nerves are attached 
to the lateral aspects of the cord, each nerve 
arising by two roots, an anterior or ventral, and 
a posterior or dorsal root. The anterior root 
consists of motor, and the posterior root of sen- 
sory fibres; and the posterior root is further dis- 
tinguished by the presence of an oval swelling, 
the spinal ganglion, which contains numerous 
nerve-cells. The pairs of spinal nerves are 
grouped as follows: Cervical 8, Dorsal 12, Lum- 
bar 5, Sacral 5, Coccygeal 1; and the cord is 
divided for descriptive purposes into similar 
regions (cervical, dorsal, &c.), each of which 
corresponds with the extent of attachment of a 
group of nerves. Further, it is convenient to 
regard the spinal cord as being built up of a 
series of superimposed segments, termed spinal 
segments or newromeres, each of which corre- 
sponds with the attachment of a pair of spinal 
nerves. It must be remembered, however, that 
these so-called segments are intimately linked 
to each other by numerous association or inter- 
segmental fibres, and by the fibres which pass 
to or from the brain. 

In the fostus up to the third month, the spinal 
cord extends to the lower end of the spinal canal, 
but after this date the spinal column elongates 
more rapidly than the spinal cord ; and the latter, 
being fixed above, through its continuity with the 
brain, recedes upwards within the canal, so that 
by the fifth month of foetal life its lower end 
reaches only to the base of the sacrum, and at 
birth to the level of the third lumbar vertebra. 
As a consequence of this, the spinal nerve-roots, 
which at first passed transversely outwards from 
the cord to reach their respective intervertebral 
foramina, become more and more oblique in 
direction from above downwards; and the lower 
part of the canal is occupied by the lumbar and 
sacral nerves, which descend vertically to reach 


their points of exit. From their great length and 
the appearance they resent at their attachment to the cord, the lumbar and 
penal pra ze a eai e the cauda equina. The filum terminale 
les In the centre of this bundle of nerves, and may readily be distingui 
from them by its bluish-white appearance. 7 latina 


The spinal cord is not quite cylindrical, being slightly flattened from before 
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backwards ; nor is it of uniform circumference throughout, but presents two 
swellings or enlargements, an upper or cervical, and a lower or lumbar. 

The cervical enlargement is the more pronounced of the two, and corresponds 
with the origin of the large nerves which supply the upper limbs. It extends 
from about the third cervical to the second dorsal vertebra, its maximum circum- 
ference (about thirty-eight millimetres) being on a level with the origin of the 
sixth pair of cervical nerves. : 

The lumbar enlargement gives attachment to the nerves which supply the 
lower limbs. It commences about the level of the ninth dorsal vertebra, and 
reaches its maximum circumference, of about thirty-three millimetres, opposite the 
last dorsal vertebra, below which it tapers gradually into the conus medullaris. 

Fissures and sulci of the spinal cord.—A pair of median fissures, anterior and 
posterior, dip into the substance of the cord, and incompletely divide it into two 
symmetrical halves, which are joined across the middle line by a commissural 
band of nervous matter. 

The anterior median fissure is wider and shallower than the posterior: it has 
an average depth of three millimetres, but this is increased in the lower part of 
the cord. It contains a double fold of pia mater, and its floor is formed by a 
transverse band of white substance, the white commissure, which is perforated by 
blood-vessels on their way to or from the central part of the cord. 

The posterior median fissure is not an actual fissure like the anterior ; it does 
not contain a fold of pia mater, but merely a septum of neuroglia which is 
intimately united with the neuroglia in the adjacent parts of the cord, and for 
this reason it would be more correct to name it the posterior median septum. It 
reaches rather more than halfway into the substance of the cord, and its depth 
varies from four to six millimetres, but diminishes in the lower part of the cord. 

On either side of the posterior median fissure, and at a short distance from 
it, the posterior nerve-roots are attached to the cord along a vertical furrow 
named the postero-lateral sulcus. The portion of the cord which lies between 
this sulcus and the posterior median fissure is named the posterior column. In 
the cervical and upper dorsal regions this column presents a longitudinal furrow, 
the postero-intermediate sulcus: this marks the position of a septum which 
extends into the posterior column and subdivides it into two fasciculi—an inner, 
named the tract of Goll; and an outer, the tract of Burdach (see fig. 541). The 
portion of the cord which lies in front of the postero-lateral sulcus is termed the 
antero-lateral column. The anterior nerve-roots, unlike the posterior, are not 
attached in linear series, and their position of exit is not marked by a sulcus. 
They arise by separate bundles which spring from the anterior horn of grey 
matter and, passing forward through the white matter, emerge over an area of 
some slight width. The outermost of these bundles is generally taken as a 
dividing line which separates the antero-lateral column into two parts, viz. an 
anterior column, between the anterior median fissure and the outermost of the 
anterior nerve-roots; and a lateral column, between the exit of these roots and 
the postero-lateral sulcus. 


INTERNAL STRUCTURE OF THE SPINAL CORD 


On examining a transverse section of the cord, it is seen to consist of grey 
and white nervous matter, the former being enclosed within the latter. 

Grey matter of the spinal cord.—The grey matter of the spinal cord consists 
of two symmetrical portions, one in each half of the cord: these are joined 
across the middle line by a transverse band, termed the grey commissure, through 
which runs a minute canal, the central canal of the cord, just visible with the 
naked eye. Each half of the grey substance is shaped in the form of a comma 
or crescent, the concavity of which is directed outwards; and these, together with 
the intervening grey commissure, present on transverse section the appearance 
of the letter H. An imaginary line drawn transversely through the central 
canal serves to divide each crescent into an anterior and a posterior cornu. 

The anterior cornu is directed forwards, and is broad and of a rounded or 
quadrangular shape. Its posterior part is termed the base, and its anterior part 
the head, but these are not differentiated from each other by any well-defined 
constriction. It is separated from the surface of the cord by a layer of white 
matter which is traversed by the bundles of the anterior nerve-roots. In the 
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dorsal region, the postero-external part of the anterior cornu projects outwards 
as a triangular field, which is named the lateral cornu. a F 
The posterior cornu is long and slender, and is directe oe war ua an 
outwards: it reaches almost as far as the postero-lateral sulcus, from which it 
is separated only by a thin layer of white substance, 
Fro. 536.--Shape of the the tract of Lissauer. It consists of a frag wu “ls 
grey matter in dif- directly continuous with the correspon g pa t of the 
forent regions of the anterior horn; a neck (cervix cornu) or slightly can- 
spinal cord. (Poirier.) stricted portion, which is succeeded by an oval or fusi- 
form area, termed the head (caput cornu), and of which 
the summit (apex cornu) approaches the postero-lateral 
sulcus. The head is capped by a V-shaped or crescentic 
mass of translucent, gelatinous neuroglia, termed the 
substantia gelatinosa of Rolando, which contains not 
only neuroglia-cells, but numerous small nerve-cells. 
Between the anterior and posterior cornua the grey 
matter extends as a series of processes for some distance 
into the lateral column, where they form a network 
called the formatio reticularis. 

The quantity of grey matter, as well as the form 
which it assumes on transverse section, varies markedly 
at different levels. It is small, not only in amount but 
relatively to the surrounding white substance, in the 
dorsal region. Its amount is greatly increased in the 
cervical and lumbar enlargements: in the latter, and 
especially in the conus medullaris, its proportion to the 
white matter is greatest (fig. 536). In the cervical 
region, its posterior cornu remains comparatively nar- 
row, while its anterior is broad and expanded; in the 
dorsal region, both cornua are attenuated, and the lateral 
horn is evident; in the lumbar enlargement, both 
cornua are expanded; while in the conus medullaris 
the grey matter assumes the form of two oval masses, 
one in each half of the cord, connected together by a 
broad grey commissure. 

The central canal runs in the grey commissure 
throughout the entire length of the cord. The part of 
the grey commissure in front of the canal is named the 
anterior grey commissure; that behind it, the posterior 
grey commissure. The former is thin, and is in contact 
anteriorly with the white commissure: it contains a 
couple of longitudinal veins, one on either side of the 
middle line. The posterior grey commissure reaches 
from the central canal to the posterior median septum, 
and is thinnest in the dorsal region, and thickest in 
the conus medullaris. The central canal is continued 
upwards through the lower part of the medulla oblon- 
gata, and opens into the fourth ventricle of the brain; 
below, it reaches for a short distance into the filum 
terminale. In the lower part of the conus medullaris 
it exhibits a fusiform dilatation, the terminal sinus 

















(terminal ventricle of Krause *). This has a vertical 
measurement of from eight to ten millimetres, is tri- 
Transverse sections, passing angular on cross section with its base directed forwards, 
through : z, the upper cervical and tends to undergo obliteration after the age of forty. 
region; z, the cervical en- Throughout the cervical and dorsal regions the 
argement: 3, e dorsa . aries ‘ i : 
taom 4, ite iar e- central canal is situated in the anterior tbird of the 
largement; 5, the sacral cord: in the lumbar enlargement it is near the middle 
region; 6, the filum ter- dsi D, PiE 
minale, and in the conus medullaris it approaches the posterior 
l be surface. It is filled with cerebro-spinal fluid, and is 
lined by ciliated, columnar epithelium, outside which is an encircling band of 
gelatinous neuroglia, the substantia gelatinosa centralis. 


* Archw fiir micro. Anat. 1875. 
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_ Structure of the Grey Matter.—The grey matter consists of neuroglia, together 
with numerous nerve-cells and nerve-fibres. Throughout the greater part of 
the grey matter the neuroglia presents the appearance of a sponge-like network, 
but around the central canal and on the heads of the posterior cornua it consists 
of the gelatinous substance already referred to (fig. 537). The nerve-cells in 
the grey matter are multipolar, and vary greatly in size and shape (fig. 538). 
They consist of : (r) motor cells, whose axons leave the cord in the spinal nerve- 
roots. These cells are of large size, and are situated in the anterior horn of 
grey matter; the axons of nearly all of them pass out to form the anterior 
nerve-roots.* (2) Nerve-cells of medium or small size, whose axons do not 
emerge from the cord but pass transversely outwards into the white matter, 


Fig. 538.—Cells of the spinal cord. 
(Poirier.) 


Fic. 537.—From a transverse section 
through the spinal cord of a calf. 
Magnified about 180 diameters, showing 
part of the central canal and the tissue 
immediately around it, viz. the central 
grey matter. (Klein and Noble Smith.) 

Collateral 
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The canal is lined with epithelium, composed of ciliated, 
more or less conical, cells; in most instances a fila- 
mentons process passes from the cell into the tissue 
underneath. This tissue contains, in a hyaline matrix, 
a network of fibrils; most of these run horizontally ; 
others have a longitudinal course, and appear there- 
fore here cut transversely, ie. as small dots. The 
nuclei correspond to the cells of the neuroglia, the cell- 
substance not being shown. Both the nuclei of the 
neuroglia cells and those of the epithelium contain 
three or more large dise-shaped particles. 


where some assume an ascending, and 
others a descending course, but where 
most of them divide in a T-shaped 
manner into a descending and an 
ascending process. These axons give 
off collaterals which enter and ramify 
in the grey matter, while the termi- 
nations of the axons behave in a 
similar manner. The length of these 
axons varies greatly: some are short 


fs 
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3 N - Descending 


Arborisation 


and pass only between adjoining seg- 
ments of the cord, while others are 
longer and connect segments which 
are more widely separated. These 


Diagram showing in longitudinal section the inter- 
segmental neurones of the spinal cord. The grey 
and white parts correspond respectively to the grey 
and white substance of the spinal cord. 


cells and their processes constitute a series of association or intersegmental 
neurones, which link together the different parts of the cord. The axons of most 
of these cells are confined to that side of the cord in which the nerve-cells are 
situated, but some cross to the opposite side through the anterior commissure, 


and are termed crossed commissural fibres. 


These cells are especially grouped 


into three regions, viz. in the inner part of the anterior cornu, in the lateral 
cornu, and in the base of the posterior cornu: in the last situation they form 
a well-defined column, termed Clarke’s column. (3) Cells of the Golgi type, whose 


* Lenhossek and Cajal found that in the chick embryo the axons of a few of these 
nerve-cells passed backwards through the posterior cornu, and emerged as the motor 
fibres of the posterior nerve-roots ; but the presence of these in man has not yet been 


determined. 
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axons are short and entirely confined to the grey matter, in which they break up 
into numerous fine filaments. 

Distribution of the nerve-cells (fig. 539).—Most of the nerve-cells are arranged 
in longitudinal columns, which appear as groups on transverse section. 

Nerve-cells in the anterior horn.—These are of large size, and form two 
principal columns—a mesial, in the inner, and a lateral, in the outer part of the 
horn. In the cervical and lumbar enlargements each of these is divided 
into anterior and posterior parts. The anterior cells of the mesial column 
are large, and their axons pass into the anterior nerve-roots ; the posterior 
cells of this column are smaller, and their axons pass across the middle 
line in the anterior commissure, and, ascending in the anterior column of the 
opposite side, terminate in the grey matter, thus forming crossed commissural 
fibres. The cells of the lateral column are all of large size, and their axons 
pass into the anterior nerve-roots, of which they form the main portion. Solitary 


Fre. 539.—Mode of distribution of the nerve-cells in the grey matter. (Schematic.) 
(Testut.) 
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z 2. Mesial and lateral groups of nerve-cells in anterior horn N 
: . 3 Nerve-cells in lateral horn. 4, 4. Column of 
Clarke. 5. Group of nerve-cells in substantia gelatinosa of Rolando, 6. Nerve-cell of seseuioe Maal the axon 
a liich is ena a the pore es are #7 Cells of substantia gelatinosa centralis. 8, 8’. Solitary 
- 9: Olgi. 10. 3 of origin of the tract of . : 4 
13. Spinal ganglion. g act of Gowers. 11, Anterior root, x2. Posterior root. 


cells are scattered throughout the base of the anterior horn, the axons of some 
of which form crossed commissural fibres, while others constitute the motor 
fibres of the posterior nerve-root. (See footnote, page 767.) 

Nerve-cells in the lateral horn.—These form a column which is best marked: 
where the lateral horn of grey matter is differentiated, viz. in the dorsal region ; 
but it can be traced throughout the entire length of the cord, in the form of 
groups of small cells which are situated in the anterior part ‘of the formatio 
reticularis. The cells of this column are fusiform or star-shaped, and of a 
medium size: the axons of some of these pass into the anterior nerve-roots 
by which they are carried to the sympathetic ; while those of others pass into 
the anterior and lateral column, where they become longitudinal. 

Nerve-cells in the posterior horn.—I. The Column of Clarke (posterior 
vesicular column). This occupies the inner part of the base of the posterior horn, 
and appears as a well-defined oval area on transverse section. It commences 
below at the level of the second or third lumbar nerve, and reaches its maximum 
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size opposite the twelfth dorsal nerve. Above the level of the ninth dorsal nerve 
its size diminishes, and the column terminates opposite the last cervical or first 
dorsal nerve. It is represented, however, in the other regions of the cord by 
scattered cells, which become aggregated to form a cervical nucleus opposite the 
third cervical nerve, and a sacral nucleus in the middle and lower part of the sacral 
region. Its cellsare of medium size, and of an oval or pyriform shape ; their axons 
pass into the peripheral part of the lateral column of the same side, and there 
ascend, under the name of the direct or ascending cerebellar tract. II. Nerve-cells 
in the substantia gelatinosa of Rolando.—These are arranged in three zones: 
a posterior or marginal zone, composed of large triangular or fusiform cells; an 
intermediate zone of small fusiform cells, and an anterior zone of star-shaped 
cells. The axons of these cells pass into the lateral and posterior columns, and 
there assume a vertical course. In the anterior zone, some Golgi cells are found 
whose short axons ramify in the grey matter. III. Solitary cells of varying form 
and size are scattered throughout the posterior horn. Some of these are 
grouped to form the posterior basal column in the base of the posterior horn on 
the outer side of Clarke’s column. The posterior basal column is well marked 
in the gorilla (Waldeyer), but is ill defined in man. The axons of these cells 
pass partly to the posterior and lateral columns of the same side, and partly 
through the anterior commissure to the lateral column of the opposite side. 
Before leaving the grey matter, a considerable number run longitudinally for 
a varying distance in the head of the posterior horn, forming what is termed the 
longitudinal fasciculus of the posterior horn. 

A few star-shaped or fusiform nerve-cells of varying size are found in the 
substantia gelatinosa centralis. Their axons pass into the lateral column of the 
same, or of the opposite side. 

The nerve-fibres in the grey matter form a dense interlacement of minute 
fibrils among the nerve-cells. This interlacement is formed partly of axons 
which pass from the cells in the grey matter to enter the white columns or 
nerve-roots ; partly of the axons 
of Golgi’s cells which ramify Fic. 540.—Transverse section through the white 
only in the grey substance ; matter of the spinal cord of a calf. Magnified 
and partly of collaterals from about 300 diameters. (Klein and Noble Smith.) 
the nerve-fibres in the white 
columns, which, as already 
stated, enter the grey matter 
and ramify within it. 

White Matter of the Spinal 
Cord.—The white matter of the 
spinal cord consists of medul- 
lated nerve-fibres embedded in 
a sponge-like network of neu- 
roglia, and is arranged in three 
columns : anterior, lateral, and 

sterior. The anterior column 
ies between the anterior me- 
dian fissure and the outermost 
of the anterior nerve-roots ; the 
middle between the outermost of "ON 
the anterior nerve-roots and the —— 
ne horn ; and the posterior ín the upper part are shown two isolated flattened nucleated cells 
e 


- th uroglia, under a somewhat higher power than the rest. 
tween the posterior hor n and on the bulk of the figure the nerve-fibres are seen in transverse 


i | tion. Th re of different sizes, and possess a laminated 
the posterior median fissure. map AA harrouni the axis cylinder, which was deeply 
On examining & transverse stained in the preparation, — is jene ag to by s black ie 

M 3 > i e nen ° mong tbe 
section which has been stained ST ane denies sie (5 hibadied SOM Stive timme cells— 
with picrocarmine, the nerve-  neuroglia cells. 
fibres appear as small circles, l - , 
in the centres of which the axis-cylinders form minute crimson dots (fig. 540). 
The fibres vary greatly in thickness, the smallest being found in the tracts of 
Goll and Lissauer, and in the inner part of the lateral column ; while the 
largest are situated in the anterior column, and in the peripheral part of the 
lateral column. i 

Nerve-tracts in the spinal cord.—The nerve-fibres in the white columns of 
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the cord are grouped into more or less definite bundles or fasciculi, These are 
not recognisable from each other in the normal state of the cord, and their 
existence has been determined by the following methods. All nerve-fibres are 
outgrowths from nerve-cells, and if a bundle of nerve-fibres be cut, the portions 
of the fibres which are separated from their cells rapidly degenerate and become 
atrophied, while the cells and the parts of the fibres connected with them under- 
go little alteration.* Similarly, if a group of nerve-cells be destroyed, the fibres 
arising from them undergo degeneration. Thus, if the cells of the cerebral cortex 
which give origin to the motor impulses be destroyed, or if the fibres arising 
from these cells be severed, a downward degeneration from the seat of injury 
takes place in the fibres. In the same manner, if a spinal ganglion be destroyed, 
or the fibres which pass from it into the spinal cord be cut, an ascending 
degeneration will extend along these fibres into the spinal cord. By adopting 
proper methods, such degenerated fibres can be followed to their termination. 

Further, by tracing the development of the nervous system, it has been 
observed that at first the nerve-fibres are merely naked axis-cylinders, and that 
they do not all acquire their medullary sheaths at the same time; hence the 
fibres can be grouped into different bundles according to the dates at which they 
receive their medullary sheaths. | 

Lastly, mention must be made of the silver method of staining nervous 
tissues, which has been of the greatest value in following the course and mode 
of termination of the axis-cylinder processes. 

Nerve-tracts in the anterior column (fig. 541).—There are two principal 
tracts in this column, viz. the direct pyramidal, and the anterior basis bundle. 

The direct pyramidal tract is usually of small size, but varies inversely with 
that of the crossed pyramidal tract in the lateral column. It lies next the 
anterior median fissure, and is present only in the upper part of the cord ; 
gradually lessening as it is traced downwards, it disappears about the middle of 
the dorsal region. It consists of descending fibres which arise from cellis in the 
motor area of the cerebral hemisphere of the same side, and which, on being 
traced downwards through the spinal cord, cross in succession through the white 
commissure to the opposite side, where they end by arborising around the motor 
cells in the anterior horn. 

The anterior basis bundle constitutes nearly the whole of the remainder of 
the anterior column. It consists of—(a) longitudinal commissural fibres which 
arise from cells in the grey matter, more especially from those of the mesial group 
in the anterior horn, and which, after a longer or shorter course, re-enter the gre 
matter ; (b) fibres which cross the middle line in the white commissure; an 
(c) fibres of the anterior nerve-roots which pass horizontally forward to reach the 
surface of the cord. 

Tracts in the lateral column.—The päinoigal tracts in the lateral column are 
five in number, viz. the direct or ascending cerebellar, the crossed pyramidal, the 
tract of Gowers, the lateral basis bundle, and the tract of Lissauer. 

The direct or ascending cerebellar tract is situated at the periphery of the 
posta? part of the lateral column, where it forms a flattened band which extends 

orwards as far as a line drawn transversely through the central canal. Internally 

it is in contact with the crossed ees tract, in front with the tract of Gowers, 
behind with that of Lissauer. It commences below at the level of the third 
lumbar nerve, and, increasing in size as it ascends, passes to the cerebellum 
mainly through its inferior, but partly through its superior, peduncle. Its fibres 
are formed by the axons of the cells of Clarke’s column, which pass outwards 
through the inner part of the lateral column of the cord. 


* It was formerly believed that the cell underwent no change under such circum- 
stances. This, however, is not the case; for if a nerve—the sciatic, for instance—be divided 
in an animal, and, after an interval of some weeks, the animal be injected with methylene 
blue and killed, it will be seen, on examining sections of the lumbar region of the spinal 
cord, that the cells are imperfectly stained, or not at all, owing to a diminution, or it may 
be entire disappearance, of their chromatin, a substance which in a normal cell shows 
marked affinity for staining reagents. Further, the body of the cell is swollen, the 
nucleus displaced towards the periphery, and the part of the axon still attached to the 
altered cell is diminished in size and somewhat atrophied. Under favourable conditions 
= cell is capable of reassuming its normal appearance, and its axon may commence to 
ow. 
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The crossed pyramidal tract extends throughout the entire length of the cord, 
and on transverse section appears as an oval or triangular area, in front of the 
posterior horn, and on the mesial aspect of the direct cerebellar tract. It consists 
of descending fibres which arise from the cells in the motor area of the cerebral 
hemisphere of the opposite side. These fibres pass downwards in company with 
those of the dirèct pyramidal tract, on the same side of the brain as that from 
which they take origin ; but, unlike those of the direct pyramidal tract, they cross 
to the opposite side in the medulla oblongata (hence the name of ‘ crossed 
pyramidal’), and enter the lateral column. They end by arborising around the 
motor cells in the anterior horn. 

The crossed and direct pyramidal tracts constitute the motor fasciculi of the 
spinal cord, and are formed by the axis-cylinders of the motor cells in the 
cerebral cortex. They descend through the internal capsule of the cerebrum, 
traverse the pons Varolii, and enter the anterior pyramid of the medulla oblongata 
on the same side of the brain as that in which they arise. In the lower part of 
the medulla oblongata, some two-thirds of the fibres decussate in the middle line 
with the corresponding fibres of the opposite side, and run down in the lateral 
column of the cord as the crossed pyramidal tract, while the remaining fibres do 


Fie. 541.—Tracts of the spinal cord. (Testut.) 





a. Anterior median fissure. b, Posterior median fissure, 1. Direct pyramidal tract. 2. Crossed pyramidal tract. 
, Anterior basis bundle. 3’. Lateral basis bundle, 4. Direct cerebellar tract, 5. Tract of Gowers. 6, 6’. Lateral 
imiting zone, 7. Tract of Burdach. 8. Tract of dott, 9. Corna-commissural tract. 10. Lissauer’s tract. 


not cross the middle line, but run down as the direct pyramidal tract in the 
anterior column of the same side. The fibres of this tract, however, have been 
seen to cross the middle line in the anterior commissure of the cord, and thus 
the whole of the motor fibres from one side of the brain ultimately reach the 
opposite side of the cord. The number of fibres which decussate in the medulla 
O Da is not constant, and hence the direct and crossed pyramidal tracts vary 
inversely in size. The fibres of the crossed and direct pyramidal tracts do not 
acquire their medullary sheaths until after birth. l 

The tract of Gowers (antero-lateral ascending tract) is an extensive comma- 
shaped strand, which skirts the circumference of the lateral column in front of 
the direct cerebellar tract. Its expanded extremity, or head, lies in the angle 
between the direct cerebellar and crossed pyramidal tracts, while its tail reaches 
forward into the anterior column. It extends along the entire length of the 
cord, and consists of ascending fibres which are derived from cells situated at 
the base of the posterior horn, and which cross to the opposite sidé of the cord 
in the anterior commissure. They can be traced upwards through the medulla 
oblongata and pons to the cerebellum, reaching the latter through its superior 
peduncles, while others pass to the cerebrum. This tract—the fibres of which 
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do not acquire their medullary sheaths until the latter half of the eighth month—- 
is sometimes named the lateral sensory fasciculus, in contradistinction to the 
posterior sensory fasciculi which are situated in the posterior column. 

The lateral basis bundle constitutes the remainder of the lateral column, and 
the portion of it which lies next the grey matter is sometimes named the lateral 
limiting zone. It is continuous in front with the anterior basis bundle, and the 
two together constitute the antero-lateral ground bundle. It consists chiefly of 

longitudinal commissural fibres which arise from cells 

Fic. 542. — Descending throughout the grey matter, and after a longer or 

fibres in the posterior shorter vertical course, re-enter and ramify in the grey 

coluinn, shown at dif- matter. Some of its fibres are, however, continued 

ferent levels. (Testut.) upwards into the brain, under the name of the posterior 
longitudinal fasciculus. 

Tract of Lissawer.—The fibres of this tract form a 
small strand which lies in relation to the tip of the 
posterior horn, close to where the posterior nerve-roots 
enter the cord. It extends throughout the entire length 
of the cord, and is formed by some fibres of the 
posterior nerve-root, which ascend for a short distance 
in the tract and then enter the posterior horn of grey 
matter. 

Descending cerebellar fibres—In addition to the 
fasciculi already described in the anterior and lateral 
columns, fibres are found in these columns which arise 
from cells in the cerebellum and undergo descending 
degeneration when this part of the brain is extirpated. 
They are named the descending cerebellar fibres, and 
are disseminated throughout the peripheral part of the 
anterior and lateral columns, where they intermingle 
with the fibres of the direct pyramidal tract and peri- 
pheral part of the anterior basis bundle, as well as 
with the fibres of the direct cerebellar tract and tract 
of Gowers. 

Tracts in the posterior column.—This column com- 
prises two main tracts, viz. the tract of Goll, and the 
tract of Burdach. These are separated from each other 
in the cervical and upper dorsal regions by the postero- 
intermediate septum, and consist mainly of ascending 
fibres derived from the posterior nerve-roots. 

The tract of Goll is wedge-shaped on transverse 
section, aud lies next the posterior median fissure, its 
base being at the surface of the cord, and its apex 
D directed towards the posterior grey commissure. It 
‘Ja Increases in size from below upwards, and consists of 
; long, thin fibres derived from the posterior nerve-roots, 
w which ascend as far as the medulla oblongata, where 

43 they end in the gracile nucleus. 
xin the Se eee The tract of Burdach is triangular on transverse 

the lumbar region. c. In the section, and lies between that of Goll and the posterior 
upper dorsal region. 1. Pos. cornu, its base corresponding with the surface of the 
ote e erior malin ge, Cord, Its fibres, larger than those of Goll’s tract, are 
sure. 4. Triangular strand. mostly derived from the same source, viz. the pos- 
eee a pé terior nerve-roots. Some ascend only for a short 
scending comma tract. distance in the tract, and entering the grey matter, 
l come into close relationship with the cells of Clarke’s 
column ; while others can be traced as far as the medulla oblongata, where they 
end in the gracile and cuneate nuclei. 

Occupying the ventral part of the posterior column is an ascending strand of 
fibres, termed the cornu-commissural tract. Itis somewhat triangular on trans- 
verse section, and occupies the angle between the posterior grey commissure and 
the posterior cornu. It is best marked in the lumbar region, but can be traced 
w m dorsal and cervical regions, and probably consists of commissural fibres. 

as been found to preserve its integrity in certain cases of locomotor ataxia. 
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Descending fibres in the posterior column.—The posterior column does not 
consist entirely of ascending fibres, but contains some which have a descending 
course, and these occupy different parts of the column at different levels. In the 
cervical and upper dorsal regions, they appear as a comma-shaped strand 
(descending comma tract) in the outer part of the tract of Burdach, the blunt end 
of the comma being directed towards the posterior grey commissure ; in the lower 
dorsal region, they form a thin band (dorsal peripheral band) at the posterior 
surface of the column; in the lumbar region, they are situated by the side of 
the posterior median fissure, and here appear on section as a semi-elliptical 
bundle, which, together with the corresponding bundle of the opposite side, 
forms the oval area of Flechsig; while in the conus medullaris they assume the 
form of a triangular strand in the postero-internal part of Goll’s tract. These 
descending fibres partly consist of the descending branches of the posterior nerve- 
roots, and are partly derived from nerve-cells in the posterior cornu (fig. 542). 

Roots of the spinal nerves,—As already stated, each spinal nerve arises by 
two roots, an anterior and a posterior, which are attached to the surface of the 


Fra. 543.—A spinal nerve with its anterior Fic. 544.—Section of the white and grey 

and posterior roots. (Testut.) substance of the spinal cord, through 
the middle of the lumbar enlargement. 
Magnified 14 diameters. 


Posterior roots 





:. A portion of the spinal cord viewed from the left side, 
2. Anterior median fissure. 3. Anterior horn. 4. Pos- 
terior horn. s. Lateral horn, or tractus intermedio- 
lateralis. 6. Formatio reticularis, 7. Anterior root. 
8 Posterior root, with 8’, its ganglion. 9. Spinal 
nerve ; 9’, its posterior division. Anterior (z= 
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cord opposite the corresponding horn 
of grey matter. 

Anterior nerve-roots.— The ante- 
rior nerve-roots consist of motor fibres, 
which are the axons of the nerve-cells ae 
in the ventral part of the anterior horn. Soon after their origin from the nerve- 
cells, these axons acquire medullary sheaths and, passing forwards and slightly 
outwards, emerge on the surface of the cord in two or three irregular rows over 
an area which measures about three millimetres in width (fig. 543): 

Posterior nerve-roots.—The posterior root of each spinal nerve comprises 
some six or eight fasciculi which are attached in linear series along the postero- 
lateral sulcus. It consists of sensory fibres which arise from the nerve-cells 
in the spinal ganglia. Each ganglion cell, at first round or oval, is elongated 
into two processes, an internal (axon) and an external (dendrite), and so becomes 
a bipolar nerve-cell. These two processes gradually undergo approximation, 
and finally arise from a single stem in a T-shaped manner. The internal 
processes of the ganglion cells grow into the cord as the posterior roots of the 
spinal nerves, while the external are directed towards the periphery. 
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Anterior roots 
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terior nerve-roots enter the cord in two chief bundles, mesial and 
ry The mesial strand passes oupa into the tract of Burdach : it consists 
of coarse fibres, which acquire their medullary sheaths by the fifth month of 
intra-uterine life. The lateral strand is sometimes divided into an intermediate 
and an external bundle. The intermediate bundle consists of coarse fibres, which 
enter the gelatinous substance of Rolando; while the external is composed of 
fine fibres, which assume a longitudinal direction in the tract of Lissauer: the 
latter do not acquire their medullary sheaths until after birth, 
Having entered the cord, all the posterior nerve-roots divide into ascending 
and descending branches, and these in their turn give off collaterals which enter 


Fig. 545.—Dorsal roots entering cord and dividing into Fre. 546.—Formation of 
= e and descending branches. (Van Gehuchten.) column of Goll. (Poirier.) 
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a. Stem-fibre. 6,6. Ascending and decendiny limbs of bifurcation. 
c. Collateral arising from stem-fibre. 


the grey matter (fig. 545). The descending fibres 
are short, and soon enter the grey matter. The 
O 


ascending fibres are grouped into long, short, and 
intermediate : the long fibres ascend in the tracts 
of Goll and Burdach as far as the medulla, where 
they end by arborising around the cells of the 
gracile and cuneate nuclei ; the short fibres run up- ee 





wards for a distance of only five or six millimetres, 
and enter the grey matter; while the intermediate . 
fibres, after a somewhat longer course, have m Spinal cord viewed from behind. To 


similar destinati ; the left, the tract of Goll is shaded. 

estination. All the fibres which enter the Tot a Ap e a inertia 

grey matter end by arborising around its nerve- the column of Goll is formed by the 
i : : ° ong fibres of the posterior roots, an 

cells, those of intermediate length being especially taakin tito tenet Wo ancii alte 

associated with the cells of Clarke’s column. lie next the mesial plane, the lumbar 
The course taken by the fibres of the posterior sti morelntareliy? and the dorsa 


nerve-roots has been arrived at by dividing the 
nerve-roots between their ganglia and their entrance into the spinal cord, and 
by subsequently examining the degenerated areas. It has been determined 
that the fibres pursue an oblique course upwards, being situated at first in 
the outer part of Burdach’s tract: higher up, they occupy the middle of this 
column, having been displaced inwards by the accession of other entering fibres ; 
while still higher, they pass into, and are continued upwards in, the tract of 
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Goll. The upper cervical fibres do not reach Goll’s tract, but are entirely confined 
to that of Burdach. The degeneration method proves that the localisation of 
these fibres is very precise: the sacral nerves lying in the inner part of Goll’s 
tract and near its periphery ; the lumbar nerves to their outer side; the dorsal 
nerves still more laterally ; while the cervical nerves are confined to Burdach’s 
tract (fig. 546). 

The development of the spinal cord is described in the section on Embryology 
(page 107). 


THE BRAIN 


GENERAL CONSIDERATIONS AND DIVISIONS 


The brain, or encephalon, is contained within the cranium, and constitutes the 
upper, greatly expanded part of the cerebro-spinal axis. In its early embryonic 
condition it consists of three hollow vesicles, termed the fore-braim, the mid-brain, 
and the hind-brain ; and the parts derived from each of these can be recognised 
without difficulty in the adult. Thus, in the process of development the wali of 
the hind-brain i E undergoes modification to form the medulla 
oblongata, the pons Varolii, and cerebellum, while its cavity is expanded to form 
the fourth ventricle. The mid-brain (mesencephalon) forms but a small part of 
the adult brain: its cavity becomes the aqueduct of Sylvius, which serves as a 
tubular communication between the third and fourth ventricles ; while its walls 
are thickened to form the corpora quadrigemina and crura cerebri, which con- 
stitute the bond of union of the fore-brain with the hind-brain. The fore-brain 
undergoes great modification : its anterior part (telencephalon) expands laterally 
in the form of two hollow vesicles which become the lateral ventricles, while 
their surrounding walls form the cerebral hemispheres and the commissures 
which connect these across the middle line; the posterior part of the fore-brain 
(thalamencephalon) forms the greater part of the third ventricle, and most of the 
structures which bound that cavity. Further details regarding these important 
changes are given in the chapter on Embryology (page 109). 


THE HIND-BRAIN 


The hind-brain comprises the parts which occupy the posterior fossa of the 
cranial cavity, and lie below the tentorium cerebelli, viz. the medulla oblongata, 
the pons Varolii, the cerebellum, and the cavity of the fourth ventricle. 


Tae MEDULLA OBLONGATA 


The medulla oblongata, or bulb, forms the lowest and smallest division of the 
brain ; its structure, however, is extremely complex, since it gives attachment 
to many of the cranial nerves, and forms the connecting link between the spinal 
cord below and the cerebrum and cerebellum above. 

It extends from the lower margin of the pons Varolii to a plane passing 
transversely below the decussation of the pyramids and above the first pair of 
cervical nerves. This plane corresponds with the upper border of the atlas 
behind, and the middle of the odontoid process of the axis in front, and at this 
level the medulla oblongata is continuous with the spinal cord. In front of it 
are the basi-occiput and the upper part of the odontoid process of the axis ; from 
these it is separated by the membranes of the brain and certain ligaments; 1n 
front also of its upper part are the two vertebral arteries. Its posterior surface 
is received into the fossa between the hemispheres of the cerebellum, and forms 
the lower part of the floor of the fourth ventricle. The vertebral arteries pass 
upwards and forwards in relation to its lateral aspects, and, reaching its anterior 
surface, they unite at the lower border of the pons Varolii to form the basilar 
artery. 

The medulla oblongata (fig. 547) is pyramidal in shape, its broad extremity being 
directed upwards towards the pons Varolii, while its narrow, lower end is con- 
tinuous with the spinal cord. It measures rather over an inch in length, rather 
less than an inch in breadth at its widest part, and about half an inch in thickness ; 
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while it weighs about a quarter of an ounce. The central canal of the spinal cord 
is prolonged into its lower half, and then opens into the cavity of the fourth 
ventricle; and the medulla may therefore be divided into a lower closed part 
containing the central canal, and an upper open part corresponding with the 
lower portion of the fourth ventricle. Its surface is marked in the median line 
in front and behind by an anterior and a posterior fissure, which are continuous 
with the corresponding fissures of the spinal cord. 

The anterior fissure contains a fold of pia mater, and extends along the entire 
length of the medulla: it terminates at the lower border of the pons Varolii in a 
small triangular expansion, the foramen cecum of Vicq d'Azyr. On separating 
the lips of the fissure, it is seen to be interrupted below by bundles of fibres which 
cross obliquely from one side to the other, and constitute the decussation of the 
pyramids. Some fibres, termed the anterior external arcuate fibres, emerge from 
the anterior fissure above this decussation and curve outwards and upwards over 
the lateral aspect of the medulla. 

The posterior fissure is a narrow groove which exists only in the closed part 
of the medulla ; it becomes gradually shallower from below upwards, and finally 

terminates about the middle of the 

Fic. 547.—Medulla oblongata and medulla, where the central canal of 

pons Varolii. Anterior surface. the cord expands into the cavity of the 
fourth ventricle. 

These two fissures divide the closed 
part of the medulla into symmetrical 
halves: each half presenting elongated 

SS Middle eminences which, on surface view, are 
SSS eduncle of continuous with the columns of the cord. 
SY lum In the open part of the medulla the 
halves are separated by the anterior 
median fissure, and by a median raphé 
which extends from the bottom of the 
fissure to the floor of the fourth ventricle. 
Further, certain of the cranial nerves 
pass through the substance of the me- 
dulla, and are attached to its surface in 
series with the roots of the spinal nerves ; 
thus, the fibres of the hypoglossal nerve 
represent the upward continuation of the 
anterior nerve-roots, and emerge in linear 
series from a furrow termed the pre- 
olwary sulcus, or antero-lateral furrow. 
Similarly, the spinal accessory, vagus, and glosso-pharyngeal nerves correspond 
with the posterior nerve-roots, and are attached to the bottom of a sulcus named 
the postero-lateral furrow. Advantage is taken of this arrangement to subdivide 
each half of the medulla into three areas, anterior, middle, and posterior. 
Although these three areas appear to be directly continuous with the corre- 
sponding columns of the cord, it must be pointed out that they do not necessarily 
contain the same fibres, since some of the nerve-tracts of the cord terminate in 
the medulla, while others alter their course in passing through it. 

The anterior area is named the pyramid, and lies between the anterior median 
fissure and the pre-olivary sulcus, from the latter of which the roots of the hypo- 
glossal nerve issue. Its upper extremity is slightly constricted, and between it 
and the pons the fibres of the sixth nerve emerge; a little below the pons it 
becomes enlarged and prominent, and finally tapers into the anterior column of 
the cord, with which, at first sight, it appears to be directly continuous. 

The two pyramids constitute the great motor strands of the medulla, since 
they contain the motor fibres which pass from the brain to the spinal cord. When 
these pyramidal fibres are traced downwards, it is found that some two-thirds, or 
more, of them leave the anterior pyramid in successive bundles, and decussate in 
the anterior median fissure with corresponding bundles derived from the opposite 
pyramid, forming what is termed the decussation of the pyramids, or motor de- 
cussation. Having crossed the middle line, they pass down in the posterior part 
of the lateral column as the crossed pyyamidal tract. The remaining fibres—i.e. 
those which occupy the outer part of the pyramid—do not cross the middle line, 
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but are carried downwards as the direct pyramidal tract (fig. 548) into the 
anterior column of the same side. 

_ The number of fibres which undergo decussation may be increased or 
diminished, while in some cases the decussation is complete, and in others it is 
totally: in abeyance ; and hence the direct and crossed pyramidal tracts vary 
inversely in size, but in this connection it must b2 remembered that the fibres 
which do not cross in the medulla undergo decussation in the cord. The mode 
of termination of the pyramidal tracts in the cord has already been referred to 
(pages 770 and 771). 

The greater part of the basis bundle of the anterior column of the cord is 
continued upwards through the medulla oblongata as a strand, which is termed 
the posterior longitudinal fasciculus. 

The lateral area is limited in front Fic. 548.—Decussation of the pyramids. 


by the antero-lateral sulcus and the Scheme showing the passage of the 
roots of the hypoglossal nerve, and be- cee ae: from cord to the medulla. 
estut. 


hind by the roots of the spinal accessory, 
vagus, and glosso-pharyngeal nerves. Its 
upper part consists of a prominent oval 
mass which is named the olwary body, 
while its lower part is of the same width 
as the lateral column of the cord, and 
appears on the surface to be a direct 
continuation of it. As a matter of fact, 
only a portion of the lateral column is 
continued upwards into this area, for 
the crossed pyramidal tract passes into 
the pyramid of the opposite side, and the 
direct or ascending cerebellar tract is 
carried into the restiform body. The 
remainder of the lateral column, which 
consists chiefly of the basis bundle and 
the tract of Gowers, can be traced into 
this area. Most of these fibres, how- 
ever, dip beneath the olivary body and 
disappear from the surface; but a small 
strand remains superficial, and passes 
up between the olivary body and the 
postero-lateral sulcus. At the upper end 
of this strand is a depression or fossa, 
in which the auditory nerve is seen. 

The olivary body is situated on the 
outer side of the pyramid, from which 
it is separated by the antero-lateral or 
pre-olivary sulcus, and the fibres of the 
hypoglossal nerve. Behind, it is sepa- 
rated from the postero-lateral sulcus by 
the small superficial strand of the lateral a. Pons Varolii. 0. Medulla from the front. c. De- 
column already referred to. It measures Serene ape eE Beer Ta. 
about half an inch in length, and be- 2. Crossed pyramidal tract (in red). 3. Sensory tract 


: (tracts of Qoll and Burdach) (in blue). 3’. Gracile 
tween its upper end and the pons there and cuneate nuclei. 4. Antero-lateral ground bundle, 


is a slight depression in which the roots y, ne Ee ei am. o Gowen reei 
of the seventh nerve are attached. The (inblue). 9. Direct cerebellar fibres (in yellow). 
external arcuate fibres wind across the | 

lower part of the pyramid and olivary body to enter the restiform body. 

The posterior area (fig. 549) lies behind the postero-lateral sulcus and the 
roots of the spinal accessory, vagus, and the glosso-pharyngeal nerves, and, like 
the lateral area, is divisible into a lower and an upper portion. The lower part 
is limited behind by the postero-median fissure, and consists of the tracts of Goll 
and Burdach: the former is now known as the fumculus gracilis, and the latter 
as the funiculus cuneatus. The funiculus gracilis is a narrow whité band placed 
parallel to and along the side of the posterior median fissure, and separated 
from the funiculus cuneatus by the postero-intermediate furrow and septum. 

The gracile and cuneate funiculi are at firet vertical in direction ; but when 
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traced upwards to the lower part of the floor of the fourth ventricle, they diverge 
from the middle line in a V-shaped manner, and each presents an elongated 
swelling. That on the funiculus gracilis is named the clava, and is produced 
by a subjacent nucleus of grey matter, the gracile nucleus ; that on the funiculus 
cuneatus is termed the cuneate tubercle, and is likewise caused by a grey nucleus, 
named the cuneate nucleus. The fibres of the tracts of Goll and Burdach 
terminate by arborising around the cells in those nuclei. 

A third elevation, termed the funiculus of Rolando, is seen in the lower 
part of the posterior area of the medulla. It lies on the lateral aspect of the 
funiculus cuneatus, and is not represented by a corresponding elevation in the 
cord. It is produced by the substantia gelatinosa of Rolando, which here 
approaches the surface. Narrow below, this funiculus gradually expands above, 

and terminates, about half an inch below the 

Fic. 549.—Posterior surface of pons, in a tubercle, the tubercle of Rolando. 

the medulla oblongata. Intervening between it and the surface of the 

medulla is a band of nerve-fibres formed by 

the lower sensory or spinal root of the fifth 
nerve. 

The restiform body.—The upper part of 
the posterior area of the medulla is occupied 
by the restiform body, a thick rope-like strand, 
which is situated between the lower part of 
the floor of the fourth ventricle and the roots 
of the ninth and tenth nerves. The restiform 
bodies connect the cord and medulla with 
the cerebellum, and are named the inferior 
peduncles of the cerebellum. As they pass 
upwards, they diverge from each other, and 
assist in forming the lower parts of the lateral 
boundaries of the fourth ventricle; higher up, 
they are directed backwards, each passing to 
_ the corresponding cerebellar hemisphere. Near 
Cuncate where they enter the cerebellum they are 

crossed by several strands of fibres, which 

extend inwards over the floor of the fourth 

ventricle, and are named the stiriæ acustice. 

At first sight, the restiform body appears to 

be formed by the upward continuation of the 

funiculus gracilis and funiculus cuneatus ; this, 

however, is not so, as it is probable that all 

the fibres of these funiculi end in the gracile 

and cuneate nuclei. The constitution of the 

restiform body will be subsequently discussed. 

Internal structure of the medulla oblon- 

gata.—Although the external form of the 

medulla oblongata: bears a certain resem- 

blance to that of the upper part of the cord, 

its internal structure differs widely from that of the latter, and this for the 

following principal reasons: (1) certain tracts of fibres which extend from the 

cord to the brain, and vice versa, undergo a rearrangement in their assage 

through the medulla; (2) other tracts mih exist in the cord (e.g. h a of 

Goll and Burdach) terminate in the medulla, whereas new strands originate 

in the grey matter of the medulla and pass to different parts of the brain ; 

(3) the grey matter, which in the cord forms a continuous H-shaped column, 

becomes greatly modified and subdivided in the medđulla, in which also new 

masses of grey matter are superadded; (4) on account of the o ning-out 

of the central canal of the cord in the cavity of the fourth se ir certain 

parts of the grey matter, which in the cord were more or less centrally situated, 

are displayed in the floor of that cavity ; (5) lastly, the medulla is intimately 

associated with many of the cranial nerves, some arising from, and others 
terminating in, nuclei within its substance. 

The internal structure of the medulla is best studied by examining a series of 
transverse and of longitudinal sections (fig. 550, 551). A short description of the 
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course taken by the principal tracts, and of the arrangement of the grey matter, 
will now be given. 

Pyramidal tracts.—The division of the pyramids of the medulla into direct 
and crossed pyramidal fibres, and the course of these tracts in the cord, have 
already been described. In passing to reach the lateral column of the opposite 
side, the fibres of the crossed pyramidal tracts extend backwards through the 


Fig. 550.-~Section of the medulla at the 
level of the decussation of the pyramids. 
(Testut.) 


Fia. 551.—Section of the medulla through 
the lower part of the decussation of the 
pyramids. (Testut.) 





1. Anterior median fissure. 2. Posterior median fissure. 
3. Anterior horn (in red}, with 3’, anterior root. 
4. Posterior horn (in blue), with 4’, posterior roots. 


1. Anterior median fissure. 2 Posterior median fissure. 
s. Crossed pyramidal tract. 6. Posterfor column, 


3. Motor roots. 4. Sensory roots. 5. Base of the 


anterior horn, from which the head (5’) has been 
detached by tlie crossed pyramidai tract. 6. Decus- 
sation of the crossed pyramidal tracte. 7. Posterior 
horns (in b!ue). 8. Gracile nncleus, 


‘I'he red arrow, a a’, indicates the course the crossed 
pyramidal tract takes at the level of the decussation 
of the pyramids; the blue arrow, b b', indicates the 
course which the sensory fibres take. 


anterior cornua, and the head of each of these horns is separated from its base. 
The base retains its position in relation to the ventral aspect of the central canal, 
and, when the latter opens into the fourth ventricle, appears in the floor of that 
cavity close to the middle line, where it forms the nuclei of the twelfth and sixth 
nerves ; while above the level of the ventricle it exists as the nuclei of the third 
and fourth nerves in relation to the floor of the aqueduct of Sylvius. The head 
of the cornu is pushed outwards 
and forms an elongated column, the 
nucleus ambiguus, which gives origin 
from below upwards to the bulbar 
part of the spinal accessory and the 
motor fibres of the vagus and glosso- 
pharyngeal, and still higher to the 
motor fibres of the seventh and fifth 
nerves. 

The tracts of Goll and Burdach 
constitute the posterior sensory fas- 
ciculi of the spinal cord. The tract 
of Goll is prolonged upwards as the 
funiculus gracilis, and expands to 
form the eminence of the clava: that 
of Burdach is carried up as the 
funiculus cuneatus, which enlarges 
to form the cuneate tubercle. The a 
clava corresponds with a subjacent a l 10 
mass of grey matter, the gracile 
nucleus, and the cuneate tubercle to a 
second mass, the cuneate nucleus : 
these two nuclei are continuous, in 
front, with the central grey matter, of - 
which they may be regarded as backward projections, each being covered 
superficially by the fibres of the corresponding funiculus. On transverse section 
(fig. 552), the gracile nucleus appears as a single, more or less quadrangular 
mass, while the cuneate nucleus consists of two parts: a larger, somewhat 


Fie. §52.—Transverse section passing through 
the sensory decussation. (Schematic.) 
(Testut.) 





1, Anterior median fissure. 2. Posterior median fissure. 
3, 3’. Head and base of anterior horn (in red). 4. Hypo- 
giossal nerve. 6. Gracile nucleus. 7. Cuneate nucleus. 
8, 8. Fillet, or sensory tract. 9. Sensory decriseation. 
zo. Pyramidal tract. 
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triangular, internal nucleus, composed of small or medium sized cells, and a 
smaller external nucleus containing large cells. ~ 

The fibres of the tract of Goll and Burdach end by arborising around the cells 
of these nuclei, which therefore may be regarded as the nuclei of termination of 
the posterior sensory fasciculi (fig. 553). From the cells of these nuclei new fibres 
take origin: some of these are continued as the posterior external arcuate fibres 
into the restiform body, and through it to the cerebellum ; but most of them pass 
forwards through the neck of the posterior horn, thus cutting off the head from 
the base of the horn. Curving forwards and inwards, they reach the middle line, 
and there decussate with the corresponding fibres of the opposite side. Having 
crossed the middle line, they run upwards immediately behind the pyramidal 
fibres, as a flattened band, which is named the fillet. The decussation of these 

sensory fibres is situated above that of 
Fre. 553.—Superior termination of the the motor fibres, and is named the 
posterior tracts of the spinal cord. superior pyr amidal or sensory decussa- 
(Testut.) tion, or the decussation of the fillet. 
| The base of the posterior horn at 
first lies on the dorsal aspect of the 
central canal; but when the latter opens 
into the fourth ventricle, it appears in the 
lateral part of the floor of that cavity. 
It forms the nuclei of termination of the 
sensory fibres of the vagus and glosso- 
pharyngeal, and is associated with the 
vestibular part of the auditory nerve and 
the sensory root of the seventh nerve 
(pars intermedia of Wrisberg). Still 
higher, it forms a mass of pigmented cells 
—the locus ceruleus—in which some of 
the sensory fibres of the fifth nerve 
appear to terminate. The head of the 
posterior horn forms a long continuous 
column, in which the fibres of the spinal 
or lower sensory root of the fifth nerve 
largely terminate. 

The tract of Gowers, or lateral sensory 
fasciculus, consists of fibres which have 
already decussated in the anterior com- 
missure of the cord. Some of its lower 
fibres appear to end in the cord, but the 
majority ascend in the lateral column 
to the medulla, where they join the fillet. 
The fillet, by the addition of this tract, 
1. Posterior median fissure. 2. Tract of Goll. 3. Tract now contains all the sensory fibres from 

ar ag = ee F — the spinal cord ; most of these have 

decussation. 8 Cerebellar fibres anaid (in black}. crossed in the medulla in the sensory 

a ee decussation, while the remainder (tract 
l of Gowers) have crossed in the cord. 

The direct or ascending cerebellar tract leaves the lateral area of the medulla ; 
most of its fibres are carried backwards to join the restiform body of the same 
side, and through it are conveyed to the cerebellum; but some run upwards with 
the fibres of the fillet, and, reaching the posterior quadrigeminal bodies, undergo 
decussation, and are carried to the cerebellum through its superior peduncle. 

_ The basis bundles of the anterior and lateral columns largely consist of 
epee by gg tk aa 
cc eo ed into the medulla, where, without undergoing 
vee AY oF ] ae are accumulated into a strand which runs up close 
ae e maa Man raphe between the fillet and the floor of the fourth ventricle. 
is named the posterior longitudinal fasciculus, and will be again 

referred to. 
gh medier of ™ medulla oblongata.—In addition to the gracile and cuneate 
ae Ns = e regarded as backward prolongations of the central grey 
e cord, there are several other nuclei which require consideration. 
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Some of these are traceable from the grey matter of the spinal cord, while others 
are unrepresented in the cord. 

1. The hypoglossal nucleus is derived from the base of the anterior horn: in 
the lower closed part of the medulla, this is situated on the ventro-lateral aspect 
of the central canal; but in the upper part it approaches the floor of the fourth 
ventricle, where it lies close to the middle line, under an eminence named the 
trigonum hypoglossi (fig. 554). It measures about three-quarters of an inch in 
length, and consists of large multipolar nerve-cells, the axons of which constitute 
the roots of the hypoglossal nerve. The fibres of this nerve pass forward 
between the anterior and lateral areas of the medulla, and emerge from the pre- 
olivary sulcus. 

2. The motor nucleus, common to the glosso-pharyngeal, vagus, and medullary 
portion of the spinal accessory nerves, is named the nucleus ambiguus. It 


Fic. 554.--Section of the medulla oblongata at about the middle of 
the olivary body. (Schwalbe.) 


Nucleus gracilis 
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represents the head of the anterior horn, lies deeply in the formatio reticularis 
grisea, and extends throughout nearly the whole length of the medulla (fig. 555). 

3. The sensory nucleus, or nucleus of termination of the sensory fibres of the 
glosso-pharyngeal and vagus, re resents the base of the posterior horn. It 
measures nearly. three-quarters of an inch in length, and in the lower, closed 
part of the medulla is situated behind the hypoglossal nucleus ; whereas in the 
upper, open part it lies to the outer side of that nucleus, and corresponds to an 
eminence, named the trigonum vagi, in the floor of the fourth ventricle. 

4. Nuclei of the auditory nerve.—Towards the upper part of the medulla a 
considerable tract of grey matter is found immediately below that portion of the 


floor of the fourth ventricle which is known as the trigonum acusiwt : this forms 
the inner and outer dorsal auditory nuclei, in which the vestibular division of the 
auditory nerve terminates. Further, there are two collections of nerve-cells 
associated with the termination of the cochlear division of the auditory nerve, 
one of which is named the ventral or accessory auditory nucleus, and is situated 
on the ventral surface of the restiform body ; while the other lies on the outer 
aspect of the same body, and is termed the tuberculum acusticum. The auditory 
nuclei will be again referred to in association with the description of the pons 


Varolii. 
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5. The olivary nuclei are three in number on either side of the middle line, viz. 
the inferior olivary nucleus, and the mesial and dorsal accessory olivary nuclei. 
(a) The inferior olivary nucleus is the largest of these, and is situated within the 
olivary body. {t consists of a grey folded lamina arranged in the form of an in- 
complete capsule, which opens internally by an aperture called the hilum. (b) The 
mesial accessory olivary nucleus lies between the inferior olivary nucleus and the 
anterior pyramid, and forms a curved lamina, the concavity of which is directed 
outwards. The fibres of the hypoglossal nerve, as they traverse the medulla, pass 
between the mesial accessory and the inferior olivary nuclei. (c) The dorsal 
accessory olivary nucleus is the smallest of the three, and appears on transverse 
section as a curved lamina on the dorsal aspect of the inferior olivary nucleus. 

These three — mp of ge 

. 555.—Continuation of the anterior round yellowish Cous and numerous ane 

ia AET matter of the spinal cord nerve iten while entering and leaving 
into the medulla oblongata, pons, and the hilum of the inferior olivary nucleus 
mesencephalon. Separation of anterior are numerous fibres which constitute 
horn into two columns, and the sub- the peduncle of the olive. 

division of these into the nuclei of origin The inferior olivary nucleus is con- 
of the motor cranial nerves. (Potrier.) nected—(1) with that of the opposite side 
by fibres which cross through the raphé ; 
Cne (2) with the anterior horn of the same 
py side of the spinal cord by a strand of 
fibres termed the spino-olivary tract; 
(3) with the optic thalamus of the cere- 
brum by the cerebro-olivary tract, which 
passes through the pons Varolii and teg- 
ene 3 mentum ; (4) with the opposite cerebellar 
hemisphere by the cerebello-olwwary tract, 
the fibres of which pass across the raphé 
74 and turn backwards to enter the deep 
/--y part of the restiform body. Removal of 
one cerebellar hemisphere is followed by 

<- 6 atrophy of the opposite olivary nucleus. 
6. The arcuate nucleus will be de- 


eh eee , scribed with the anterior external arcuate 

fibres. 
< Restiform bodies.—The position of 
a Teee the restiform bodies, or inferior peduncles 
1 DS of the cerebellum, has already been re- 


n ferred to, and it has been pointed out 
_..? that they are not formed by the fibres 
of the funiculus gracilis and funiculus 
cuneatus, since these fibres end in the 
senate and cuneate nuclei. The resti- 
` = orm | nl — a direct or 
1. Motor oculi. 2. Pathetic. 3. Lower nucteasof fifth. gagcen ing cere ar tract from the late- 
E 5. a S cpinetectene ral column of the cord ; (2) descending 
9. First cervical nerve. cerebellar fibres, many of which are dis- 
seminated throughout the peripheral part 
of the anterior and lateral columns of the cord, while others are conducted to 
the motor nuclei of the cranial nerves; and (3) the arcuate fibres, which are 
arranged in three sets, viz. the internal arcuate fibres, and the anterior and 
posterior external arcuate fibres. 

The internal arcuate fibres form the deeper and larger part of the restiform 
body. They decussate in the middle line of the medulia, and having reached 
the opposite side, terminate partly in the gracile and cuneate nuclei, while many 
of them enter the hilum of the inferior olivary nucleus, and constitute the 
cerebello-olivary tract already described (fig. 556). 

The anterior external arcuate fibres vary as to their prominence in different 
cases : in some they form an almost continuous layer covering the pyramid and 
olivary body, while in others they are barely visible on the surface. The arise 
from the cells of the gracile and cuneate nuclei, and passing forwards through 
the formatic reticularis, decussate in the middle line. Most of them reach the 
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Fic. §56.—Diagram showing the course of the arciform fibres. 


(Testut.) 





1. Medulla, anterior surface, 2. Anterior median fissure. 3, Fourtl ventricle. 4. Olivary body, with the accessory 
olivary nuclei, 5. Gracile nuclens, 6. Cuneate nucleus. 7. Trigeminal. 8. Interior cerebellar peduncles, seen from 


in front. Posterior external arcuate fibres. 


surface by way of the anterior 
median fissure, and arch outwards 
and backwards over the pyramid. 
Reinforced by others which emerge 
between the pyramid and olivary 
body, they pass backwards over 
the olivary body and lateral area 
of the medulla, and enter the outer 
part of the restiform body. They 
thus connect the cerebellum with 
the gracile and cuneate nuclei of 
the opposite side. As the fibres 
arch across the pyramid, they en- 
close a small nucleus which lies 
in front and to the inner side of 
the pyramid. This is named the 
arcuate or pre-pyramidal nucleus, 
and is directly continuous above 
with the nuclei pontis in the pons 
Varolii : it contains small fusiform 
cells, around which some of the 
arcuate fibres terminate, and from 
which others arise. 

The posterior external arcuate 
fibres also take origin in the ile 
and cuneate nuclei; they do not 
undergo decussation, but pass to 
the restiform body of the same 
side. 

Formatio reticularis (fig. 557). 
This term is applied to the coarse 
reticulum which occupies the an- 
terior and lateral areas of the 
medulla, and is seen when trans- 
verse sections are examined. It is 
situated behind the pyramid and 


10. Anterior external arcuate fibres. 
12. Peduncle of olivary body. 13. Arcuate nucleus. 


Fie. 557.—The formatio reticularis 


1r. Internal arcuate fibres. 


r4. Pneumogastric. 15. Hypoglossal. 


of the 
medulla, shown by a horizontal section pass- 
ing through the middle of the olivary body. 
(Testut.) 
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z. Anterior median fissure, 2. Fourth ventricle. 3. Formatio 


reticularis, with 3’, its internal part (reticularis alba), and 
3”, its external part (reticularis grisea). 4. Raphé. 5. Pyra- 
mid. 6. Fillet. 7. Inferior olivary nucleus with the two acces- 
sory olivary remit. . Pedunele of olivary body. 8. Hypo- 
glossal nerve, with 8’, tts nucleus of origin. 9. Vagus nerve, 
witb 9’, its noclens of termination. 10. External dorsal 
auditory nucleus. rr. Nucleus ambiguus (nucleus of origin 
of motor fibres of glosso-pharyngeal, vagus, and bulbar portion 
of spinal accessory). 12. Gracile nucleus. 13. Cuneate 
nucleus. 14. Head of posterior cornu, with 14’, the lower 
sensory root of fifth nerve. 15. Fasciculus solitarius, 
16, Anterior external arcuate fibres, with 16’, the arcuate 
nucleus. 17. Nucleus lateralis. 18, Nucleus of fasciculus 
teres. 19. Ligula. 
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olivary body, extending laterally as far as the restiform bodies, and dorsally to 
within a short distance of the floor of the fourth ventricle. The reticulum is 
caused by the intersection of bundles of fibres running at right angles to each 
other, some being longitudinal, others more or less transverse 1n direction. The 
formatio reticularis presents a different appearance in the anterior area from 
what it does in the lateral area: in the former, there is almost an entire absence 
of nerve-cells, and hence this part is known as the reticularis alba; whereas 
nerve-cells are numerous in the lateral area, and as a consequence it presents 
a grey appearance, and is termed the reticularis grisea. 

In the substance of the formatio reticularis are two small nuclei of grey 
matter: one is situated near the dorsal aspect of the hilum of the inferior 
olivary nucleus, and is named the inferior central nucleus, or nucleus of Roller ; 
the other lies between the olivary body and the spinal root of the fifth nerve, 
and is termed the nucleus laterals. 

In the reticularis alba the longitudinal fibres form two well-defined strands, 
viz.: (1) the fillet, which hes close to the raphé immediately behind the fibres of 
the pyramid; and (2) the posterior longitudinal fasciculus, continued upwards 
from the antero-lateral ground bundle of the spinal cord, and which, in the upper 
part of the medulla, lies between the fillet and the grey matter in the floor of the 
fourth ventricle. The longitudinal fibres in the reticularis grisea are derived 
from the lateral column of the cord -after the crossed pyramidal tract has passed 
over to the opposite side, and the direct cerebellar tract has entered the restiform 
body. They form indeterminate fibres; with the exception of a bundle named 
the fasciculus solitarius, which is made up of fibres of the vagus and glosso- 
pharyngeal nerves. The transverse fibres of the formatio reticularis are the 
arcuate fibres already described (page 782). 


Tae Pons VAROLII 


The pons Varolii, or antero-superior part of the hind-brain, is situated above 
the medulla oblongata, below the crura cerebri, and in front of the cerebellum. 
Somewhat cuboidal in shape, its vertical and antero-posterior diameters each 
measure about an inch, while its transverse diameter is about an inch and m 
half. From its superior surface the crura cerebri emerge, one on either side of 
the middle line, while the central part of this surface forms the posterior 
boundary of the interpeduncular space at the base of the cerebrum. The 
anterior part of its inferior surface is separated from the medulla oblongata by 
a furrow in which the sixth, seventh, and eighth cranial nerves make their 
appearance. 

Its ventral or anterior surface is very prominent, markedly convex from side 
to side, less so from above downwards. It consists of transverse fibres which 
arch like a bridge across the middle line, and on either side are gathered into a 
compact mass forming the middle peduncle of the cerebellum. It rests upon 
the posterior surface of the basi-sphenoid, and is limited.above and below by 
well-defined borders. It presents, in the middle line, a furrow for the lodgment 
of the basilar artery : this furrow is bounded on either side by an eminence—the 
pyramidal eminence—caused by the passage of the pyramidal fibres downwards 
through the substance of the pons. Outside these eminences, near the upper 
border of the pons, the fifth nerves make their exit, each consisting of a smaller, 
internal, motor root, and a larger, external, sensory root; a vertical line, drawn 
on either side immediately outside the fifth nerve, may be taken as the boundary 
between the ventral surface of the pons and the middle peduncle of the 
cerebellum. 

The posterior surface is hidden by the cerebellum ; its lateral portions are 
continuous with the superior cerebellar peduncles, while its middle part is free, 
triangular in shape, and forms the upper part of the floor of the fourth 
ventricle. 

_ Structure of the pons (fig. 558).—Transverse sections of the pons Varolii 
show that itis composed of two parts which differ from each other in appearance 
and structure: thus, the anterior or ventral portion consists for the most part 
of fibres arranged in transverse and longitudinal bundles, together with a small 
amount of grey matter; while the posterior or dorsal portion is a continuation 
of the reticular formation of the medulla oblongata, and is called the tegmental 
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aon as most of its constituents are continued into the tegmentum of the crus 
cerebri. 

The anterior or ventral part of the pons consists of—(a) superficial and deep 
transverse fibres, (b) longitudinal fibres, and (c) some small nuclei of grey matter, 
termed the nuclei pontis. 

The superficial transverse fibres consist. of a rather thick layer on the ventral 
surface of the pons, and are collected into a large rounded bundle on each side 


Fic. 558.—Vertical transverse section of the pons, at its upper part. (Testut.) 
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of the middle line. This bundle, with the addition of some transverse fibres 
from the deeper part of the pons, forms the middle peduncle of the corresponding 
half of the cerebellum (fig. 559). 

The deep transverse fibres partly intersect and partly lie on the dorsal aspect 
of the pyramidal fibres. They course to the lateral idet of the pons, and 
assist the superficial transverse fibres in forming the middle peduncle of the 
cerebellum. ‘The further connections of the transverse fibres will be discussed 
with the anatomy of the cerebellum. 

The longitudinal fibres are derived from the crura cerebri, and enter the upper 
surface of the pons. They stream downwards on either side of the middle line 
in larger or smaller bundles, separated from each other by the deeper transverse 
fibres of the pons; these longitudinal bundles cause a forward projection of 
the overlying superficial transverse fibres, and thus give rise to the pyramidal 
eminences on the ventral surface. Many of these fibres end in the pons, some 
in the nuclei pontis, and others, after decussating, in the motor nuclei of the 
fifth, sixth, seventh, and twelfth nerves ; but most of them are carried through 
the pons, and at its lower surface are collected into the pyramids of the medulla. 
The fibres which decussate and end in the motor nuclei of the cranial nerves are 
derived from what is termed the geniculate bundle of the internal capsule, and 
they bear the same relation to the motor cells of the cranial nerves that the 
pyramidal fibres bear to the motor cells in the anterior horn of the cord. 

The nuclei pontis are continuous with the arcuate nucleus in the medulla, 
and consist of small groups of multipolar nerve-cells which are scattered between 
the bundles of transverse fibres. ' 
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The tegmental or dorsal portion of the pons is chiefly composed of an 
upward continuation of the reticular formation and grey matter of the medulla. 
It ig subdivided into lateral halves by a median raphé; but this does not 
extend into the ventral part of the pons, being there obliterated by the 
transverse fibres. 

The tegmental portion of the pons consists of transverse and longitudinal 
fibres, and also contains important grey nuclei. The transverse fibres in the 
lower part of the pons are collected into a distinct strand, named the trapezium 
or corpus trapezoues. This consists of fibres which arise from the cells of the 
ventral cr accessory auditory nucleus, and will be referred to in connection 
with the cochlear division of the auditory nerve. Embedded in the substance 
of the trapezium is a collection of nerve-cells, which constitutes the trapezoid 
nucleus. The longitudinal] fibres, which are continuous with those of the 
medulla, are mostly collected into two bundles on either side. One of these 
lies between the corpus trapezoides and the reticular formation, and forms the 


Fic. 559.—Superficial dissection of the medulla oblongata and pons. (Ellis.) 
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erent prolongation of the fillet; the second is situated near the floor of 
| p pa ventricle, and is the posterior longitudinal fasciculus. Other longi- 
tudinal fibres, which are more diffusely distributed, arıse from the cells of the 
grey matter of the pons. 
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% Ə formatio reticularis of the medulla, and, like it, presents the appearance 
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nucleus, while others arise from these cells. The other collection of nerve-cells 
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in the formatio reticularis of the pons form nuclei of origin or termination of 
certain cranial nerves. 

2. Nuclei of the fifth nerve—The nuclei of the fifth nerve in the pons are 
two in number: a motor and a sensory. The motor nucleus is situated in the 
upper part of the pons, close under its dorsal surface and along the line of the 
lateral margin of the fourth ventricle. The axis-cylinder processes of its cells 
form a portion of the motor root of the fifth nerve: the remaining fibres of 
the motor root of this nerve are formed bya tract which arises from the grey 
matter of the floor of the Sylvian aqueduct, and hence is named the Sylvian or 
mesencephalic root. The sensory nucleus lies external to the motor one, and 
beneath the superior peduncle of the cerebellum, which forms the lateral 
boundary of the upper half of the fourth ventricle. Some of the sensory fibres 
of the fifth nerve terminate in this nucleus; but the greater number descend, 
under the name of the lower sensory or spinal root, to end in the substantia 
gelatinosa of Rolando. The roots, motor and sensory, of the fifth nerve pass 
through the substance of the pons and emerge near the upper margin of its 
ventral surface, 

3. The nucleus of the sixth nerve is a circular mass of grey matter situated 
close to the floor of the fourth ventricle, above the striæ acusticæ and subjacent 
to the eminentia teres: it lies a little external to the ascending part of the 
seventh nerve. The fibres of the sixth nerve pass forward through the entire 
thickness of the pons on the mesial side of the superior olivary nucleus, and 
between the outer bundles of the pyramidal fibres, and emerge in the furrow 
between the lower border of the pons and the pyramid of the medulla. 

4. The nucleus the facial nerve is situated deeply in the reticular formation 
of the pons on the dorsal aspect of the superior olivary nucleus, and the roots of 
the nerve derived from it pursue a remarkably tortuous course in the substance 
of the pons. At first they pass backwards and inwards until they reach the 
floor of the fourth ventricle, close to the median groove, where they are collected 
into a round bundle. This passes upwards and forwards, producing an elevation 
(fasciculus teres) in the floor of the ventricle, and then takes a sharp bend, and 
arches outwards through the substance of the pons to emerge at its lower border 
in the interval between the olivary and restiform bodies of the medulla. 

5. The nuclei of the auditory nerve are: (a) the inner dorsal nucleus, which 
corresponds to the trigonum acustici in the floor of the fourth ventricle: it is 
principally situated in the medulla, but extends above the level of the striæ 
acusticæ into the upper half of the floor of the fourth ventricle; (b) the outer 
dorsal nucleus (nucleus of Deiters), which lies in the floor of the lateral angle of 
the fourth ventricle, and of which the external part is sometimes named the 
nucleus of Bechterew ; (c) the ventral or accessory nucleus, which is situated on 
the ventral aspect of the restiform body, between the cochlear and vestibular 
divisions of the auditory nerve, the latter being to its inner side; and (d) the 
tuberculum acusticum, which lies on the outer side of the restiform body. The 
two divisions of the auditory nerve appear in the groove at the lower border of 
the pons, and in front of the restiform body. 


Tae CEREBELLUM 


The cerebellum constitutes the largest part of the hind-brain, and is contained 
in the inferior occipital fossæ. It lies behind the pons Varolii and medulla 
oblongata, while between its central portion and these structures is the cavity 
of the fourth ventricle. Above it, is a fold of dura mater, named the tentorium 
cerebelli, which separates it from the tentorial surface of the cerebrum. It is 
somewhat oval in form, but constricted mesially and flattened from above 
downwards, its greatest diameter being from side to side. It measures from 
three and a half to four inches transversely, two to two and a half inches from 
before backwards, and is about two inches thick in the centre. Its surface is 
not convoluted like that of the cerebrum, but is traversed by numerous curved 
furrows or sulci, which vary in depth at different parts, and separate the laminæ 
of which it is composed. 

Lobes of the cerebellum.—The cerebellum consists of three parts, a median 
and two lateral, which are continuous with each other, and are substantially the 
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same in structure. The median portion is constricted, and is called the worm or 
vermis, from the annulated appearance which it presents owing to transverse 
ridges and furrows upon it ; the lateral expanded portions are named the hemi- 
spheres. On the upper surface of the cerebellum the worm is elevated above the 
level of the hemispheres, but on the under surface it is sunk almost out of sight 
in the bottom of a deep depression between the hemispheres ; this depression 
is called the vallecula cerebelli, and lodges the medulla oblongata, The part of 
the worm which lies on the upper surface of the cerebellum is named the 
superior vermis; that on the lower surface, the inferior vermis. Below and 
behind, the hemispheres are separated by a deep notch (posterior cerebellar 
notch or incisura marsupialis), and in front by a broader shallower notch 
(anterior cerebellar notch or inciswra semilunaris). The anterior notch lies close 
to the pons and upper part of the medulla, and its upper edge encircles the lower 
pair of corpora quadrigemina and the superior peduncles of the cerebellum. 
The posterior notch contains the upper part of the falx cerebelli. The 
cerebellum is characterised by its laminated or foliated appearance; it is 
marked by deep, somewhat curved fissures, which lie close together, and extend 
for a considerable distance into its substance, dividing it into a series of 
layers or leaves. Upon making sections across the lamina, it will be seen that 


Fig. 560.—Upper surface of the cerebellum. (Schiifer.) 
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the folia, though differing in appearance from the convolutions of the cerebrum, 
are homologous with them, inasmuch as they consist of a central white 
substance with a covering or cortex of grey matter. 

The largest and deepest fissure is named the great horizontal fissure. It 
commences in front at the pons, and passes horizontally round the free margin 
of the hemisphere to the middle line behind, and divides the cerebellum into. 
an upper and lower portion. Several secondary but deep fissures separate the 
cerebellum into lobes, and these are further subdivided by shallower sulci 
which separate the individual folia or laminæ from each other. 

The cerebellum is connected to the cerebrum, pons, and medulla by three 
pairs of peduncles: a superior pair connect it with the cerebrum; a middle 
pair with the pons ; and an inferior pair with the medulla. 

Upper Surface of Cerebellum (fig. 560).—The superior surface of the cere- 
bellum is elevated in the middle line and sloped towards its circumference, its 
hemispheres being connected together by the superior vermis; this assumes 
the form of a raised median ridge, which is most prominent in front, but is not 
sharply defined from the hemispheres. This surface is traversed by four curved 
fissures, which are named, from their relations to two prominent lobes (central 
lobe and clivus) of the worm, (r) the precentral fissure, (2) the post-central 
fissure, (3) the  preclival fissure, and (4) the post-clival fissure. These four 
fissures extend into the hemispheres and divide the entire upper surface of the 
cerebellum into five lobes ; but the portion of the lobe in the worm has received 
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a different name from that in the hemispheres, although they are continuous 
with each other. The five lobes in the worm are named, from before backwards: 
(1) the lingula, w the lobus centralis, (3) the culmen monticuli, (4) the clivus 
monticuli, and (5) the folium cacuminis; and the corresponding lobes in the 
hemisphere are termed: (x) the frenulum, (2) the ala lobuli centralis, (3) anterior 
crescentic, (4) posterior crescentic, and (5) posterior superior. The arrangement of 
these lobes and fissures will be understood by a reference to the accompanying 
scheme, in which they are named in order from before backwards. 


UPPER SuRFACE OF CEREBELLUM 


Hemisphere Superior vermis Hemisphere 

Frenulum. Lingula. Freenulum. 
Precentral fissure 

Ala lobuli centralis. Lobus centralis. Ala lobuli centralis. 
Post-central fissure 

Anterior crescentic lobe. Culmen monticuli. Anterior crescentic lobe. 

Preclwal fissure 
Posterior crescentic lobe. Clivus monticuli. Posterior crescentic lobe. 


Post-clival fissure 
Postero-superior lobe. Folium cacuminis. Postero-superior lobe. 


The lingula is a small tongue-shaped process, consisting of four or five folia ; 
it lies in front of the lobus centralis, and is concealed byit. It is in relation, 
anteriorly, with the valve of Vieussens, on the dorsal surface of which it 
rests and with which it is connected, its white matter being continuous with 
that of the valve. On either side, the lingula gradually shades off, and is 
prolonged only for a short distance into the hemispheres, where it forms 
the frenulum. This does not stretch beyond the superior penduncle of the 
cerebellum, over which it lies. 

The lobus centralis—-The lobus centralis is a small square lobe, situated in 
the anterior notch. It overlaps the lingula, and is in turn partially concealed 
by the culmen monticuli ; laterally, it extends along the upper and anterior part 
of each hemisphere, where it forms a wing-like prolongation, the ala lobuli 
centralis. 

The culmen monticuli is much larger than the two lobes pai described, and 
constitutes, with the succeeding lobe, the clivus, the bulk of the upper worm. 
In front, it partially overlaps and obscures the lobus centralis ; and behind, it is 
separated from the clivus by the preclival fissure. It forms the most prominent 
part of the upper worm, and is marked on its surface by three or four secondary 
fissures, which divide it into smaller lobules. lLaterally, it is continuous 
with the anterior crescentic lobes of the hemispheres, which are distinctly 
differentiated from the posterior erescentic lobes by the preclival fissure. The 
culmen monticuli and the two anterior crescentic lobes form the lobus culminis. 

The clivus monticuli is of considerable size, and consists of a group of laminz 
which are separated in front from the culmen by the preclival fissure, but 
appear behind to be almost continuous with the folium cacuminis; it will be 
found, however, on careful examination, to be separated from it by a well-defined 
fissure, the post-clival fissure. Laterally, this lobe is continued into the hemi- 
spheres as thee posterior crescentic lobes, which are somewhat semilunar in shape, 
and form, with the anterior crescentic lobes, the greater part of the upper surface 
of the hemispheres. The two posterior crescentic lobes and the intervening 
clivus monticuli constitute the lobus clivi. 

The folium cacuminis is a short, narrow, concealed band at the posterior 
extremity of the worm, consisting apparently of a single folium, but in reality 
marked on its upper and under surfaces b secondary fissures. Laterally, it 
expands in either hemisphere into a consi erable lobe, which is semilunar in 


shape, and is situated at the postero-superior part of the hemisphere, and bounded 
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below by the great horizontal fissure. It is named the postero-superior lobe, 
and occupies the posterior third of the upper surface of the hemisphere, forming 
its rounded postero-lateral border. The postero-superior lobes and the folium 
cacuminis form the lobus cacuminis. 

The Under Surface of the Cerebellum (fig. 561) presents, in the middle line, 
the inferior vermis, buried in the vallecula, and separated from the hemisphere 


Fic. 561.—Under surface of the cerebellum. (Schifer,) 
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on either side by a deep groove, the sulcus vallecule. Here, as on the upper 
surface, there are deep fissures, dividing it into separate segments or lobes; but 
the arrangement is more complicated, and the relation of the segments of the 
worm to those of the hemisphere is less clearly marked. The fissures are three 


Fig. 562.—Diagram showing fissures on under surface of the cerebellum. 
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in number, but are not so regularly disposed as those on the upper surfa 
(fig. 562). They are named, from their elii to the pyramid A nende, 
two of the lobes of the inferior worm : (1) post-nodular, (2) prepyramidal and 
(3) post-pyramidal fissures. The part of the worm in front of the post-nodular 
ssure is termed the nodule; and the lobule in the hemisphere corresponding 
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with this is the flocculus. The next lobe is situated between the post-nodular 
and prepyramidal fissures. In the vermiform process, it is known as the uvula, 
and its lateral expansion in the hemisphere is named the amygdala or tonsil. 
The lobule of the worm between the pre- and post-pyramidal fissures is the 
pyramid, and its corresponding part in the hemisphere is the biveniral lobe. 
Finally, behind the post-pyramidal fissure in the worm ig a small lobe, the tuber 
valvule or tuber posticum; this, in the hemisphere, expands into a large lobe, 
which occupies at least two-thirds of the inferior surface of the cerebellum, and 
is subdivided into two by a secondary fissure, named the post-gracile fissure. 
The anterior of the two subdivisions is named the slender lobe (lobus gracilis) ; 
and the posterior, the inferior semilwnar or postero-infertor lobe. These fissures 
and lobes are here arranged, from before backwards, in a schematic form, 


UNDER SURFACE OF CEREBELLUM 


Hemisphere Inferior vermis Hemisphere 
Flocculus. Nodule. Flocculus. 


Post-nodular fissure 


Amygdala. Uvula. Amygdala. 
Prepyramidal fissure 
Biventral lobe. Pyramid. Biventral lobe. 
Post-pyramidal fissure 
Lobus gracilis. | Lobus gracilis. 
Post-gracile fissure. Tuber valvule. Post-gracile fissure. 
Inferior semilunar lobe. Inferior semilunar lobe. 


The chief fissures of the under surface, as stated above, are three in number, 
but are not so regularly disposed as on the upper surface. (1) The post-nodular 
fissure courses transversely across the worm, soumenng the nodule in front 
from the uvula behind. When this fissure reaches the hemispheres, it passes 
in front of the amygdala, and then crosses between the flocculus in front and 
the biventral lobe behind, and joins the anterior end of the great horizontal 
fissure. (2) The prepyramidal fissure crosses the worm between the uvula in 
front and the pyramid behind, then curves laterally behind the amygdala, and 

asses forwards along the outer border of this lobe, between it and the biventral 
obe, to join the post-nodular sulcus. (3) The post-pyramidal fissure passes 
across the worm behind the pyramid and in front of the tuber valvule, and, 
in the hemispheres, courses behind the ig pm and biventral lobes, and then 
along the outer border of the biventral lobe to the post-nodular sulcus. It 
cuts off at least two-thirds of the inferior surface of the hemisphere. From 
it a secondary sulcus springs, which, coursing forwards and outwards, divides 
this surface into two parts and falls into the great horizontal fissure. This 
sulcus is termed the post-gractle fissure. 


THE LOBES OF THE INFERIOR SuRFACE OF THE CEREBELLUM 


The Nodule and Flocculus.—The nodule is a distinct prominence, forming 
the anterior extremity of the inferior worm. It abuts against the roof of the 
fourth ventricle, and can only be areas | seen after the cerebellum has been 
separated from the medulla and pons. On each side of the nodule is a thin 
layer of white substance, named the inferior medullary velum. It is semilunar 
in form, its convex border being continuous with the white substance of the 
cerebellum ; it extends on either side as far as the flocculus, which it connects 
with the nodule. The flocculus is a prominent, irregular lobule, situated just 
in front of the biventral lobe, between it and the middle peduncle of the 
cerebellum. It is subdivided into a few small laminse, and is connected to the 
inferior medullary velum by its central white core. The flocculi, together with 
the inferior medullary velum and nodule, constitute the lobus noduli. 
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The Uvula and Amygdale.—The uvula forms a considerable portion of the 
inferior worm; it is separated on either side from the amygdala by the sulcus 
vallecule, at the bottom of which it is connected to the amygdala by a ridge 
of grey matter, indented on its surface by shallow furrows, and hence called 
the furrowed band. It is marked on its surface by three or four transverse 
fissures. The amygdale, or tonsils, are rounded masses, situated in the lateral 
hemispheres. Each lies in a deep fossa, termed the bird's nest (nidus avis), 
between the uvula and the biventral lobe. The uvula and tonsils form the 
lobus uvule. l Da 

The Pyramid and Biventral Lobes constitute the lobus pyramidis. The 
pyramid is a conical projection, forming the largest prominence of the lower 
worm. It is er from the hemispheres by the sulcus valleculm, across 
which it is connected to the biventral lobe by an indistinct grey band, analogous 
to the furrowed band already described. The biventral lobe is triangular in 
shape; its apex points inwards and backwards, and is joined by the connecting 
band to the pyramid. The external border is separated from the slender lobe 
by the post-pyramidal fissure. The base is directed forwards, and is on a line 
with the anterior border of the amygdala, and is separated from the flocculus 
by the post-nodular fissure. 

The Tuber Valvule and the Postero-inferior Lobes collectively form the 
lobus tuberis. The tuber valvule is the most posterior division of the inferior 
worm. It is of small size, and laterally spreads out into the large postero- 
inferior lobes of the hemispheres. These lobes, as stated above, comprise at 
least two-thirds of the inferior surface of the hemisphere, and are divided into 
two by the post-gracile fissure. The anterior part is named the slender lobe 
(lobus gracilis); and the posterior, the inferior semilunar lobe. Each of them 
is traversed by a curved fissure; that in the slender lobe being well marked, 
and termed the intragracile fissure. 


INTERNAL STRUCTURE OF THE CEREBELLUM 


The cerebellum consists of white and grey matter. 

The White Matter.—If a sagittal section (fig. 563) is made through either 
hemisphere, the interior will be found to consist of a central stem of white 
matter, in the interior of which is a grey mass, the corpus dentatum. From 
the surface of this central stem a series of plates of medullary matter are 
detached, which, covered with grey matter, form the laminæ. In consequence 
of the main branches from the central stem dividing and subdividing, the section 
presents a characteristic appearance, which is named the arbor vite. If a 
vertical section is made in the median plane of the cerebellum, it will be found 
that the central stem divides into a vertical and a horizontal branch. The 
vertical branch passes upwards to the culmen, where it subdivides freely, one 
of its ramifications passing forwards and upwards to the central lobe. The 
horizontal branch passes backwards to the folium cacuminis, greatly diminished 
in size, in consequence of having given off large secondary branches: one, from 
its upper surface, ascends to the clivus; the others descend, and enter the 
lobes in the inferior vermiform process, viz. the tuber valvule, the pyramid, 
the uvula, and the nodule. It is not necessary to describe in detail the various 
divisions of the white matter, as they correspond to the lobes on the surface. 

The white matter of the cerebellum includes two sets of nerve-fibres : (1) the 
peduncular fibres, continuous with those of the peduncles of the cerebellum : 
(2) the fibres proper (fibræ propria) of the cerebellum itself. 

The Peduncles of the Cerebellum.—From the anterior part of each hemi- 
sphere arise three large processes or eduncles—superior, middle, and inferior — 
by which the cerebellum is connected with the rest of the encephalon. 

The superior peduncles form at first the upper lateral boundaries of the 
fourth ventricle, but as they extend forwards and upwards they converge on 
the dorsal aspect of the ventricle, and thus assist to roof it in. They may 
be traced as far as the corpora quecigeaeos under which they pass. They 
enter the upper and mesial part of the medullary substance of the hemispheres, 
beneath the ala lobuli centralis and the frenulum, and pass, to a great extent, 
Into the interior of the corpus dentatum, though some of their fibres wind round 
it and reach the grey cortical matter, especially that of the inferior surface. 
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The fibres of the superior peduncles mainly emerge from the hilum of the 
corpus dentatum ; others come from the cortex, and probably also from the 
smaller nuclei in the central white substance. The majority of the fibres 
decussate with those of the opposite peduncle below the corpora quadrigemina, 
and pass to the red nucleus of the tegmentum; they will be again referred 
to in connection with the description of the mid-brain. Fibres also connect 
the spinal cord with the cerebellum through its superior peduncles; these 
are chiefly derived from the antero-lateral ascending cerebellar tract of Gowers. 

The middle peduncles are the largest of the three pairs. They consist of 
curved fibres, which, as already described, comprise most of the transverse fibres 
of the pons. They enter the cerebellum between the margins of the great 
horizontal fissure at the anterior notch, and the fibres spread out in all 
directions ; some passing to the upper, and some to the lower part of the hemi- 
sphere, while others enter its middle region. The fibres of the middle peduncle 
are of two kinds: centrifugal and centripetal. The centrifugal fibres are the 
axons of the cells of Purkinje in the cerebellar cortex,and are characterised by 
their large size, and by the fact that they acquire their medullary sheaths early. 


Fia. 563.—Sagittal section of the cerebellum, near the point of junction of the worm 
with the hemisphere. (Schifer.) 
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They decussate in the pons, and having reached the opposite side, divide into 
ascending and descending branches which end in the nuclei pontis and in the 
motor nuclei of the cranial nerves. The centripetal fibres are very numerous, and 
are the axons of the cells of the nuclei pontis. Some pass into the middle 
peduncle of the same side, but the majority into that of the opposite side; they 
are conducted to the cerebellar cortex. It is probable that all the fibres of the 
middle peduncle are interrupted in the pons, and that none pass continuously 
from one cerebellar hemisphere to the other. 

The inferior peduncles connect the cerebellum with the medulla oblongata, 
As the restiform bodies of the latter, they are directed upwards and outwards, 
forming part of the lateral wall of the fourth ventricle, and enter the cerebellum 
between the middle and superior peduncles; passing upwards, they end in the 
grey cortex of the upper surface of the hemisphere, some being prolonged into 
the white matter of the superior vermiform process. The inferior peduncles 
contain fibres derived from: (1) the direct cerebellar tract of the spinal cord ; 
(2) the gracile and cuneate nuclei (crossed and uncrossed fibres); (3) the 
opposite olivary body of the medulla ; (4) fibres which pass to join the posterior 
longitudinal bundle; (5) the descending cerebellar fibres, which pass down the 
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restiform body and antero-lateral column of the cord, to terminate around the 
cells in the anterior horn of the cord. 

The valve of Vieussens, or superior medullary velum.—Stretched across 
from one superior peduncle to the other, is a thin, transparent lamina of white 
matter, the valve of Vieussens; on to the dorsal surface of its lower half the 
folia of the lingula are prolonged. Itforms, together with the superior peduncles, 
the roof of the upper part of the fourth ventricle, and is continuous with the 
central white stem of the cerebellum. It is narrow above, where it passes 
beneath the corpora quadrigemina, and broader below, at its connection with the 
white substance of the superior worm. A slightly elevated ridge, the frenulum 
veli, descends upon the upper part of the valve irom between the lower corpora 
quadrigemina, and on either side of this the fourth nerve emerges. 

‘The inferior medullary velum ‘is a thin layer of white substance, prolonged 
from the white centre of the medulla above and on either side of the nodule, 
which assists in forming a part of the roof of the fourth ventricle. Somewhat 
semilunar in shape, it is continuous with the white substance of the cerebellum 


Fig. 564.—Diagrammatic representation of the cells of the cerebellum. 
(Modified from Foster’s ‘ Physiology.’) 


Molecular layer 


Nuclear layer 





by its convex edge, while its thin concave margin is ap arently free. In 
reality, however, it is continuous with the epithelium of He ventricle, which 
is prolonged downwards from the inferior medullary velum to the ligule. 

The two medullary vela are in cortact with each other along their line of 
emergence from the white substance of the cerebellum; and this line of contact 
forms the summit of the roof of the fourth ventricle, which, in a vertical section 
through the cavity, appears as a pointed angle. 

The fibre propriæ of the cerebellum are of two kinds : (1) commissural fibres, 
which cross the middle line to connect the opposite halves of the cerebellum, 
some at the anterior part, and others at the posterior part of the vermiform 
process ; (2) arcuate or association fibres, which connect adjacent lamingz with 
each other. 

The grey matter of the cerebellum is found in two situations: (1) on the 
surface, forming the cortex ; (2) as independent masses in the interior. 

(1) The grey matter of t e cortex presents a characteristic foliated appear- 
ance, due to the series of laminæ which are given off from the central white 
matter; these in their turn give off secondary lamina, which are covered with 
grey matter. This arrangement gives to the cut surface of the organ a foliated 
appearance (fig. 563). Externally, the cortex is covered by pia mater ; 
internally is the medullary centre, consisting mainly of nerve-fibres. 
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Microscopic appearance of the cortex.—The cortex consists of two distinct 
layers, viz, an external grey molecular layer, and an internal rust-coloured 
granular layer. Between the two layers is an incomplete stratum of cells 
which are characteristic of the cerebellum, viz. the cells of Purkinje. 

The external grey or molecular layer (figs. 564 and 565) consists of fibres and 
cells. The nerve-fibres are delicate fibrillæ, and are derived from the following 
sources: (a) the dendrites and axon-collaterals of Purkinje’s cells; (b) fibres 
from cells in the granular layer; (c) fibres from the central white substance of 
the cerebellum ; (d) fibres derived from cells in the molecular layer itself. In 
addition to these are other fibres, which have a vertical direction. These are 


Fic. 565.—Vertical section through the grey matter of the human. cerebellum. 
Magnified about 100 diameters. (Klein and Noble Smith.) 
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the processes of large neuroglia-cells, situated in the granular layer. They pass 
outwards to the periphery of the grey matter, where they expand into little 
conical enlargements which form a sort of limiting membrane beneath the pia 
mater, analogous to the membrana limitans interna in the retina, formed by 
the fibres of Müller. 

The cells of the molecular layer are. small, and are arranged in two strata, an 
outer and an inner. They all possess branched axis-cylinder processes ; those 
of the inner layer run for some distance horizontally—.e. parallel with the 
surface of the folia—giving off collaterals, which pass in a vertical direction 
towards the cell-bodies of Purkinje’s corpuscles, around which they become 
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enlarged, and form a basket-like network. Hence these cells of the inner layer 
are named basket-cells. 

The cells of Purkinje form a single stratum of large, flask-shaped cells situated 
at the junction of the molecular and granular layers, their bases resting against 
the latter ; in fishes and reptiles they are arranged in several layers. The cells 
are flattened in a direction transverse to the long axis of the folium, and thus 
appear broad in sections carried across the folium, and fusiform in sections 

arallel to the long axis of the folium. From the neck of the flask one or more 
Fentiviias arise and pass into the molecular layer, where they subdivide and form 
an extremely rich arborescence, the various subdivisions of the dendrites being 
covered by lateral spine-like processes. This arborescence is not circular, but, 
like the cell, is flattened at right angles to the long axis of the folium; in 
other words, it does not resemble a round bush, but has been aptly compared 
by Obersteiner to the branches of a fruit tree trained against a trellis or a wall. 
Rie in sections carried across the folium the arborescence is broad and 
expanded ; whereas in those which are parallel to the long axis of the folium, the 
arborescence, like the cell itself, is seen in profile, and is limited toa narrow area. 

From the bottom of the flask-shaped cell the axon arises ; this passes through 
the granular layer, and, becoming medullated, is continued as a nerve-fibre in 
the subjacent white substance. This axon gives off fine collaterals as it passes 
through the granular layer, some of which run back into the molecular layer. 

The internal rust-coloured, granular or nuclear, layer (figs. 564, 565) is 
characterised by containing numerous small nerve-cells or granules of a 
reddish-brown colour, ad with many nerve-fibrils. Most of the cells 
are nearly spherical and provided with short dendrites, which spread out in 
a spider-like manner in the granular layer. Their axons pass outwards 
into the molecular layer, and, bifurcating at right angles, run horizontally 
for some distance. In the outer part of the granular layer are some larger 
cells, of the type termed Golgi cells. Their axons undergo frequent division 
as soon as they leave the nerve-cells, and pass into the granular layer ; 
while their dendrites ramify chiefly in the molecular layer. 

Finally, in the grey matter of the cerebellar cortex, there are fibres which 
come from the white centre and penetrate the cortex. The cell-origin of these 
fibres is unknown, though it is believed that it is probably in the grey matter of 
the spinal cord. Some of these fibres end in the granular layer, by dividing into 
numerous branches, on which are to be seen peculiar moss-like appendages : 
hence they have been termed by Ramén y Cajal the moss-fibres ; they form 
an arborescence around the cells of the granular layer. Other fibres derived 
from the medullary centre can be traced into the molecular layer, where their 
branches cling around the dendrites of Purkinje’s cells, and hence they have 
been named the clinging or tendril fibres. 

(2) The independent centres of grey matter in the cerebellum are four in 
number on each side: one is of large size, and is known as the corpus dentatum ; 
the other three, much smaller, are situated near the middle of the cerebellum, 
~ are known as the nucleus emboliformis, nucleus globosus, and nucleus 

astigii. 

__ The corpus dentatum, or ganglion of the cerebellum, is situated a little to the 
inner side of the centre of the stem of the white matter of the hemisphere. It 
consists of an irregularly folded lamina, of a greyish-yellow colour, containing 
white fibres, and presenting on its antero-internal aspect an opening, the hilum 
from which most of the fibres of the superior cerebellar peduncle emerge. i 

The nucleus emboliformis is placed immediately to the inner side of the corpus 
dentatum, and partly covering its hilum. The nucleus globosus is an elongated 
mass, directed antero-posteriorly, and placed to the inner side of the preceding. 
The nucleus fastigii is somewhat larger than the other two, and is situated close 
to the middle line at the anterior end of the superior vermiform process, and 
immediately over the roof of the fourth ventricle, from which it is separated by 
a thin layer of white matter. It is known as the roof nucleus of Stilling. 

Weight of the Cerebellum.—Its average weight in the male is about 5 oz. 4 drs 
Tt attains its maximum between the twenty-fifth and fortieth years ; its increase 
after the fourteenth year being relatively greater in the female than in the male 
The ae between the.cerebellum and cerebrum is, in the male, as 1 to 8'2, 
and in the female as 1 to 8. In the infant the cerebellum is proportionately 
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much smaller than in the adult, the relation between it and the cerebrum 
being, according to Chaussier, between 1 to 13, and x to 26; by Cruveilhier the 
proportion was found to be 1 to 20. 


Toe FOURTH VENTRICLE (fig. 566) 


The fourth ventricle, or cavity of the hind-brain, is a diamond-shaped space 
situated in front of the cerebellum and behind the pons Varolii and medulla 
oblongata. It is lined by ciliated epithelium, and is continuous below with the 
central canal of the spinal cord ; above, it communicates, by means of a passage 
termed the aqueduct of Sylvius, with the cavity of the third ventricle. It 
presents four angles, and possesses a roof, a floor, and lateral boundaries. 

Angles.—The superior angle is on a level with the upper border of the pons 
Varolii, and is continuous with the lower end of the aqueduct of Sylvius. The 
inferior angle is on a level with the lower end of the olivary body, and opens into 
the central canal of the spinal cord. The lateral angjes correspond with the 
point of meeting of the three cerebellar peduncles. little below the lateral 
angles, on a level with the strie acustice, the ventricular cavity is prolonged 
outwards in the form of two narrow passages, one on either side. These are 
named the lateral recesses of the ventricle, and are situated between the restiform 
bodies and the flocculi, reaching as far as the origin of the glosso-pharyngeal 
and vagi nerves. 

Lateral boundaries——The lower part of each lateral boundary is constituted 
by the clava, the funiculus cuneatus, and the restiform body; the upper part, 
by the superior cerebellar peduncle. 

Roof.—The upper portion of the roof is formed by the superior cerebellar 
peduncles and the valve of Vieussens ; the lower portion, by the inferior 
medullary velum, the epithelial lining of the ventricle covered by the tela 
choroidea inferior, the obex and ligule. 

The superior peduncles, on emerging from the central white substance of the 
cerebellum, pass upwards and forwards, forming at first the lateral boundaries 
of the upper part of the cavity ; but on approac ing the inferior quadrigeminal 
bodies, they converge, and their mesial portions overlap the cavity and form part 
of its roof. 

The superior medullary velum (page 794) fills in the angular interval 
between the superior peduncles, and is continuous behind with the central white 
substance of the cerebellum ; it is covered on its dorsal aspect by the lingula of 
the superior vermis. l 

The inferior medullary velum (page 794) is continued downwards and forwards 
from the central white substance of the cerebellum -in front of the nodule and 
amygdale, and ends inferiorly in a thin, concave, somewhat ragged margin. 
Between this margin above, and the obex and ligule below, there is an entire 
absence of nervous matter ; and this part of the roof is completed by the epithelial 
lining of the ventricle, which is prolonged downwards as a thin. membrane 
(membrana tectoria), from the deep surface of the inferior medullary velum to the 
corresponding surface of the obex and ligule, and thence on to the floor of the 
ventricular cavity. This part of the roof is covered and strengthened by a portion 
of the pia mater, which is named the tela choroidea inferior. 

The obezis a thin, triangular, grey lamina, which roofs in the lower angle of 
the ventricle and is attached by its lateral margins to the clave: it is continuous 
below with the posterior grey commissure of the closed part of the medulla. 

The ligula, or tenis, are two narrow bands of white matter, one on either 
side, which complete the lower part of the roof of the ventricle. Hach consists 
of an inner vertical and an outer horizontal part. The vertical part 1s con- 
tinuous below with the obex, and is adherent by its outer border to the clava ; the 
horizontal portion extends transversely outwards across the restiform body, below 
the striæ acustices, and roofs in the lower and posterior part of the lateral recess. 
It is attached by its lower margin to the restiform body, and partly encloses the 
choroid plexus, which, however, projects beyond it like a cluster O aa and 
hence this part of the ligula has been termed the cornucopia (Bochdalek 

The tela choroidea inferior is the name a plied to the triangular fold of 
pia mater which is carried upwards between the cerebellum and the medulla 
oblongata. It consists of two layers, which are continuous with each other in 
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front, and are more or less adherent throughout. The posterior layer covers the 
antero-inferior surface of the cerebellum; while the anterior is applied to the 
structures which form the lower part of the roof of the ventricle, and is continuous 
inferiorly with the pia mater on ie restiform bodies and closed part of the medulla. 
Openings in the roof of the fourth ventricle.—In the roof of the fourth 
ventricle there are three openings in the pia mater and subjacent epithelium : one: 
of these, the foramen of Majendie, is situated in the middle line immediately 
above the inferior angle of the ventricle ; the other two (foramina of Luschka, or 
foramina of Key and Retzius) are found at the extremities of the lateral recesses. 
By means of these three 
Fre. 566.—Floor of the fourth ventricle and corpora foramina the cavity of the 
quadrigemina. (‘Testut.) ventricle communicates with 
25 the subarachnoid space, and 
wiii n a EE RNAS Nn NNN the cerebro-spinal fluid can 
EE TET r W pass from the ventricle into 

this space, or vice versa. 
Choroid plexuses of the 
fourth ventricle.—These con- 
sist of two highly vascular in- 
flexions of the tela choroidea 
inferior, which invaginate the 
epithelial part of the roof of 
the ventricle. Each consists 
of a vertical and a horizontal 
portion : the former lies close 
to the middle line, and ex- 
tends upwards from the fora- 
men of Majendie; the latter 
passes into the lateral recess 
and projects beyond its apex ; 
they are everywhere covered 
by the epithelial lining of the 
ventricle. The vertical parts 
of the plexuses are distinct 
from each other, but the hori- 
zontal portions are joined in 
the middle line; and hence 
the entire structure presents 
the form of the letter T, the 
vertical limb of which, how- 

ever, is double. 

Floor of the fourth ven- 


x. Middle peduncle of cerebellum. 2. Superior peduncle of cerebellum. tricle (fig. 566).—This is 


3- Inferior peduncle of cerebellum. 1’, 2’, 3’ Sections through same. i i 
4. Section of the valve of Vieussens. g. Frenulum veli, 6. Posterior thomboidal in shape, its 


vegim pa Z a sulcus, 8. Postero-lateral upper portion being formed 
us, ọ. Funmieuius gracilis, 10. Funicalas cuneatus. 1r. Lateral 

nrea of medulla. 12. Clava. 13. Restiform body. 14. Placed above by the dorsal surface of the 
the calamus scriptorias, 1. Obex. 16. Trigonum hypoglossi. pons Varolii, and its lower by 
17. Eminentia acustici. 18. Trigonum vagi. 19, Eminentia teres. th di rf 

20. Inferior fovea. 21. Superior fovea. 22. Locus  ceruleus. e corresponding surtace of 


23. Striæ acustice, 24. Conductor sonorus of Bergmann. Pos- 
terior quadrigeminal odies, 26. Anterior ill ree a bap open part of the medulla 
27. Leth a k e T 28', Trigouum hbabenulæ, Q longata. It 18 covered by 
29. eal body, hoo orward. 30. Sulcus lateralis. N 

fillet, 31. Fibres passing to the valve of Vieussens, 32. eae cae. a layer of guy matter con- 


Iv. Fourth nerve, viii. Eighth nerve. tinuous with the central grey 

: T l matter of the spinal cord ; 
sup2rficial to this is a thin lamina of neuroglia, which constitutes the ependyma 
of the ventricle and is lined by ciliated epithelium. It is traversed by a median 
sulcus, which divides it into symmetrical halves, and it is crossed at the level 
of the lateral recesses by a number of white strands, named the strie acustice. 
These form a portion of the cochlear division of the auditory nerve, and, 
sweeping round the outer aspect of the restiform body, extend inwards on the 
floor of the ventricle, where they disappear by passing into the median sulcus. 
They divide the floor into two triangular areas, an upper and a lower, which 


correspond, approximately, to the portions of the fi i 
the back of the pons and medulla SERE S a o 
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Below the strise acusticss, at a short distance from the median sulcus, is m 
small triangular depression, the inferior fovea, the apex of which is directed 
upwards, while its sides are prolonged downwards as divergent furrows. The 
inner of these furrows is carried towards the lower angle of the ventricle, the 
outer towards its lateral wall; and in this manner three small triangular areas 
are marked off on either side of the middle line. That which lies between the 
diverging furrows of the fovea is darker in colour than the other two, and is 
named the ala cinerea or trigonum vagi ; it corresponds with the position of the 
sensory nuclei of the vagus and glosso-pharyngeal nerves. The area which lies 
between the inner limb of the fovea and the median sulcus is termed the trigonum 
hypoglossi, and contains the nucleus of the hypoglossal nerve. Its base is 
directed upwards, and is continuous with an elevation, the eminentia teres, which 
lies above the striæ acusticæ ; its apex is directed downwards, and forms with 
that of the opposite side a pointed elevation, the calamus scriptorius. The third 
area, that on the outer side of the fovea inferior, is named the trigonum acustict, 
and corresponds with one of the chief nuclei of the auditory nerve. Its base 
is directed upwards, and is continuous with a larger eminence, termed the 
eminentia or area acustici, which is crossed by the strise acustici. 

In each half of that part of the floor of the ventricle which lies above the 
striæ acustici, a small depression, the superior fovea, is seen. Between it and 
the median sulcus is an elongated eminence, the eminentia teres, which overlies 
the nucleus of the sixth nerve, and is, in part at least, produced by the ascending 
portion of the root of the seventh nerve. This eminence becomes less distinct 
above, while below it is continuous with the trigonum hypoglossi. Outside the 
superior fovea is the prominence of the area acustici (already referred to) ; and 
above it is a bluish, depressed spot, the locus ce@ruleus, which owes its colour to 
a patch of aay pigmented nerve-cells, termed the substantia ferruginosa, in 
which a part of the sensory root of the fifth nerve terminates. 


THE MID-BRAIN 


The mid-brain, or mesencephalon, is the short, constricted portion which 
connects the pons Varolii and cerebellum with the thalamencephalon and 
cerebral hemispheres. It is directed upwards and forwards, and consists of : 
(1) a ventro-lateral portion, composed of a pair of cylindrical bodies, named 
the cerura cerebri; (2) a dorsal portion, consisting of tour rounded eminences, 
named the corpora quadrigemina; and (3) an intervening passage or tunnel, the 
aqueduct of Sylvius, which represents the original cavity of the mid-brain and 
connects the third with the fourth ventricle. 

The crura cerebri are two cylindrical masses situated at the base of the 
brain, and largely hidden by the temporal lobes of the cerebrum, which must be 
drawn aside or removed in order to expose them. They emerge from the upper 


surface of the pons Varolii, one on either side of the middle line, and divergin 
as they pass upwards and forwards, disappear into the substance of the cortbrd 
hemispheres. Hach crus is crossed from within outwards by the posterior 
cerebral artery; its lateral surface is in relation to the unsinite convolution of 
the cerebrum, and is crossed from behind forwards by the fourth nerve. Close 
to its point of disappearance into the cerebral hemisphere, the optic tract winds 
forwards around its ventro-lateral aspect. The inner surface of the crus forms 
the lateral boundary of the posterior part of the interpeduncular space, and is 
marked by a longitudinal furrow, the oculo-motor sulcus, from which the roots 
of the third or oculo-motor nerve emerge. On the outer surface of the mid-brain 
there is a second longitudinal furrow, termed the sulcus lateralis, which is 
prolonged downwards between the pons Varolii and the superior cerebellar 
peduncle. The fibres of the lateral fillet come to the surface in this sulcus, and 
pass backwards and upwards, to disappear under the lower quadrigeminal body. 

Structure of the crura cerebri (fig. 567).—On transverse section, each crus is 
seen to consist of a dorsal and a ventral part, separated by a deeply. pigmented 
lamina of grey matter, named the substantia migra. The dorsal part is named 
the tegmentum ; the ventral, the crusta or pes: the two crusts are separated 
from each other, but the tegmenta are joined in the mesial plane by a forward 
prolongation of the raphé of the pons Varolii. Laterally, the tegmenta are free, 
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and are constituted by the fibres of the lateral fillet; dorsally, they blend with 
the corpora quadrigemina. l è . 

The crusta, or pes, is semilunar on transverse section, and consists of longi- 
tudinal bundles of efferent fibres, which arise from the cells of the cerebral 
cortex and are grouped into three principal sets, viz. pyramidal, geniculate, and 
cortico-pontine. The pyramidal fibres occupy the middle three-fifths of the 
crusta, and are continued downwards through the pons into the pyramid of the 
medulla. The geniculate fibres—so named because they are situated in the knee- 
shaped bend of the internal capsule—occupy the inner fifth of the crusta, 
and terminate, after decussating with the corresponding fibres of the other side, 
in the motor nuclei of the cranial nerves. The cortwo-pontine or cortico- 
protuberantial fibres terminate below in the nuclei pontis, and consist of anterior 
and posterior groups. The fibres of the posterior group arise in the temporal 
and occipital lobes, and occupy the outer fifth of the crusta ; while those of the 

anterior group take origin in the 

Fre. 567.—Vertical transverse section through frontal lobe, and are disseminated 

the mid-brain. (Schematic.) (Testut.) among the pyramidal and geni- 
<< culate fibres. 

The substantia nigra is a layer 
of grey matter containing nume- 
rous deeply pigmented, multipolar 
nerve-cells. Like the crusta, it is 
semilunar on transverse section, its 
concavity being directed towards 
the tegmentum ; from its convex 
aspect, prolongations extend down- 
wards between the fibres of the 
crusta. Thicker internally than 
externally, it reaches from the 
oculo-motor sulcus to the lateral 
sulcus, and extends from the upper 
surface of the pons to the sub- 
thalamic region; its inner part 
ig traversed by the fibres of the 
third nerve as these stream for- 
wards to reach the oculo-motor 
sulcus. The connections of the 
cells of the substantia nigra have 


4 a E - << not been definitely established. 
grey matier of aquednot, i, interpotunentar a i The tegmenta.—The tegmental 
conte E Third sere, wie te mace of gage Portions of the crura cerebri are 
che lateral or auditory filet bn Posterior fonginadinal COnHNUOUS below with the reticular 
fasciculus. c, Raphé, d. Posterior cortico-protuberantial form ation of the pons Varolii, and, 
rae aan rine wh pet ta bolaiar like it, consist of longitudinal and 
g. Genicalate bundle (in green). transverse fibres, together with 
œ considerable amount of gre 
matter. Three (eo una longitudinal strands can be recognised in a 
tegmentum, viz.: (1) the superior cerebellar peduncle ; (2) the posterior longi- 
tudinal fasciculus ; and (3) the fillet. p (2) : j- 
Superior cerebellar peduncle.—The fibres of the superior cerebellar peduncle 
chiefly emerge from the hilum of the dentate nucleus of the cerebellum ; but some 
are connected with the cerebellar cortex, while others are probably derived from 
the smaller nucler in the cerebellar white substance. They are continued 
upwards under cover of the quadrigeminal bodies into the tegmentum, where the 
fibres of the two peduncles undergo an almost complete decussation on the 
ventral aspect of the Sylvian aqueduct, and subsequently pass to the red nuclei. 
Here most of them terminate ; and from the cells of the red nuclei a relay of 
fibres is prolonged to the optic thalamus, and from the latter a second relay 
1s continued through the posterior part of the internal capsule to the cerebral 
cortex. Some of the fibres of the superior cerebellar peduncle do not terminate 
in the red nucleus, but are carried past it into the optic thalamus, and probably 
through the latter into the cortex. The fibres of the superior cerebellar peduncles 
are both afferent and efferent, since lesions of the cerebral cortex or of the optic 
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thalamus cause atrophy of the red nucleus, and of the peduncle; while lesions of 
the cerebellum are followed by atrophy of the fibres of the peduncle, and of the 
opposite red nucleus. | 

The posterior longitudinal fasciculus is continuous below with the antero- 
lateral ground-bundle of the spinal cord ; and has been traced by Edinger as far 
as a nucleus which is situated in the subthalamic region, immediately in front 
of the aqueduct of Sylvius. In the medulla oblongata and pons, it runs close to 
the middle line, near the floor of the fourth ventricle; and in the mid-brain, it is 
situated on the ventral aspect of the Sylvian aqueduct, below the nuclei of the 
third and fourth nerves. Its connections are imperfectly known, but it consists 
largely of ascending and descending intersegmental or association fibres, which 
connect the various nuclei of the mid- and hind-brain to each other. Many of the 
descending fibres arise in the superior quadrigeminal body, and, after decussating 
in the middle line, terminate in the motor nuclei of the pons and medulla. The 
ascending fibres arise from the cells of the grey matter of the upper part of the 
cord, and from the nuclei in the medulla and pons, and pass, without undergoing 
decussation, to the higher nuclei. Fibres are also carried through the posterior 
longitudinal fasciculus from the nucleus of the sixth nerve into the third nerve 
of the opposite side, and through this nerve to the Internal rectus muscle of the 
eyeball. Again, fibres are prolonged through this fasciculus from the nucleus 
of the third nerve into the seventh nerve, and are distributed to the Orbicularis 
palpebrarum, the Corrugator supercilii, and the Occipito-frontalis muscles. 

The fillet—The fibres of the fillet have been seen to take origin in the gracile 
and cuneate nuclei of the medulla oblongata, and to cross to the opposite side 
in the sensory decussation (page 780). They then pass upwards through the 
medulla, in which they are situated behind the pyramidal fibres, and between 
the olivary bodies. Here they are joined by the fibres of Gowers’ ascending 
tract, these having already undergone decussation in the spinal cord. As the 
fillet is traced upwards, it receives additional fibres from the terminal nuclei of 
the sensory nerves of the opposite side. In the pons, it assumes a flattened, 
ribbon-like appearance, and is placed on the dorsal aspect of the trapezium. 
In the mid-brain, its outer part is folded backwards and forms nearly a right 
angle with its mesial portion; and hence it is customary to speak of the fillet 
as consisting of lateral and mesial paris. 

The lateral fillet has been seen to come to the surface of the mid-brain along 
its lateral sulcus, and to disappear under the inferior quadrigeminal body. It 
consists of fibres which are pe e from the terminal nuclei of the cochlear 
division of the auditory nerve, together with others which arise within the 
superior olive and the trapezoid nucleus. Most of these fibres are crossed, but 
some are uncrossed. Many of them pass to the inferior quadrigeminal body of 
the same or opposite side; but others are prolonged to the optic thalamus, and 
thence through the posterior part of the internal capsule to the middle and 
superior temporal convolutions. 

The mesial fillet comprises that portion of the fillet which commences in the 
gracile and cuneate nuclei of the opposite side, and which is joined by Gowers’ 
tract and by fibres from the terminal nuclei of the sensory nerves of the opposite 
side, excepting the cochlear division of the auditory. In the crus cerebri, a few 
of its fibres pass upwards in the outer part of the pes or crusta, on the dorsal 
aspect of the cortico-pontine fibres, and reach the lenticular nucleus and the’ 
island of Reil. The greater part of the mesial fillet, on the other hand, is pro- 
longed through the tegmentum, and most of its fibres end in the optic thalamus ; 
probably some are continued directly through the posterior part of the internal 
capsule to the cerebral cortex. From the cells of the optic thalamus a relay 
of fibres is prolonged to the cerebral cortex. l 

The red nucleus, or nucleus of the tegmentum, is a collection of grey matter 
which is situated in the anterior part of the tegmentum, and is prolonged into 
the posterior part of the subthalamic region. In sections at the level of the 
upper pair of quadrigeminal bodies, it appears as a circular mass, which is 
traversed by the fibres of the third nerve. It consists of multipolar nerye- 
cells of different sizes, and its relations to the fibres of the superior cerebellar 
peduncles have already been referred to (page 800). l 

The corpora quadrigemina are four rounded eminences which form the dorsal 
part of the mid-brain. They are situated above and in front of the valve of 
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Vieussens and superior peduncles of the cerebellum, and below and behind the 
third ventricle and posterior commissure. They are covered by the splenium of 
the corpus callosum, and are partly overlapped. on each side by the inner angle, 
or pulvinar, of the posterior end of the optic thalamus ; on their lateral aspect, 
under cover of the pulvinar, is an oval eminence, named the internal geniculate 
body. The corpora quadrigemina are arranged in pairs (upper and lower), and 
are separated from one another by a crucial sulcus. The longitudinal part of 
this sulcus expands superiorly to form a slight depression which supports the 
pineal body, % cone-like structure which projects backwards from the thalam- 
encephalon and partly obscures the upper quadrigeminal bodies. From the 
lower end of the longitudinal sulcus, a white band, termed the ae eal velt, 
is prolonged downwards to the valve of Vieussens ; on either side of this band 
the fourth cranial nerve emerges, and passes forwards on the lateral aspect of 
the crus to reach the base of the brain. The upper pair, sometimes called the 
nates, are larger and darker in colour than the lower, and are oval in shape. 
The lower pair, called the testes, are hemispherical, and somewhat more 
prominent than the upper. The upper quadrigeminal bodies are associated with 
the sense of sight, the lower with that of hearing. From the lateral aspect of 
each of the four bodies, a white band, termed the brachium, is prolonged 
upwards and forwards. The superior brachium extends outwards from the upper 
quadrigeminal body, and, passing between the pulvinar and internal geniculate 
body, is partly continued into an eminence called the external geniculate body, 
and partly into the outer portion of the optic tract. The inferior brachium 
passes forwards and upwards from the lower quadrigeminal body, and disappears 
under cover of the internal geniculate body. 

Structure of the Corpora quadrigemina.—The lower quadrigeminal body 
consists of a compact nucleus of grey matter which contains large and small 
multipolar nerve-cells, and is more or less completely surrounded by white fibres 
derived from the lateral fillet. Most of these fibres end in the grey nucleus of 
the same side, but some cross the middle line and terminate in that of the 
opposite side. From the cells of the grey nucleus, fibres are prolonged through 
the inferior brachium into the tegmentum of the crus cerebri, and are carried 
to the optic thalamus and the cortex of the temporal lobe; other fibres cross 
the middle line and end in the opposite. quadrigeminal body. The upper 
quadrigeminal body is covered by a thin stratum of white fibres, termed the 
stratum zonale, the majority of which are derived from the optic tract. 
Beneath this is the stratum cinereum, a layer of grey matter which resembles 
a cap: itis semilunar in shape, thicker in the centre than at the margins, and 
consists of numerous multipolar nerve-cells, for the most part of small size, 
embedded in a fine network of nerve-fibres. Still deeper is the stratum opticum, 
which contains large multipolar nerve-cells, separated by numerous fine nerve- 
fibres. Finally, there is the stratum lemnisci, which consists of fibres partly 
derived from -the fillet and partly from the cells of the stratum opticum ; 
interspersed among these fibres are many large multipolar nerve-cells. The 
two last-named strata are sometimes termed the grey-white layers, from the fact 
that they consist of both grey and white matter. Of the afferent fibres which 
reach the superior quadrigeminal body, some are derived from the fillet, but the 
majority have their origin in the retina and are conveyed to it through the 
superior brachium ; all of them terminate by arborising around the cells of the 
grey matter. Of the fibres which arise from the cells of the grey matter, some 
cross the middle line to the opposite quadrigeminal body ; many ascend through 
the superior brachium, and finally reach the cortex of the occipital lobe of the 
cerebrum ; while others, after undergoing decussation, descend through the 
posterior longitudinal fasciculus to the motor nuclei in the pons and medulla. 
The corpora quadrigemina are larger in the lower animals than in man. In 
fishes, reptiles, and birds, they are hollow, and only two in number (corpora 
bigemina) ; they represent the superior quadrigeminals of mammals, and are 
frequently termed the optic lobes, because of their intimate connection with the 
yaks er X 

n close relationship with the corpora quadrigemina are the superior 
peduncles of the cerebellum, which emerge from the eke and mesial part = the 
cerebellar hemispheres. They run upwards and forwards, and, passing under 
the corpora quadrigemina, enter the tegmenta as already described (page 800). 
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The aqueduct of Sylvius, or iter a tertio ad quartum ventriculum, is a narrow 
canal, about fifteen millimetres in length, situated between the corpora quadri- 
gemina and tegmenta, and connecting the third with the fourth ventricle. Its shape 
on transverse section varies at different levels, being T-shaped below, triangular 
above, and oval or heart-shaped about the middle of its course. Itis lined b 
ciliated columnar epithelium, and is surrounded by a layer of grey matter, name 
the central grey matter of the aqueduct : this is continuous below with the grey 
substance in the floor of the fourth ventricle, and above with that of the third 
ventricle. Dorsally, it is partly separated from the grey matter of the quadri- 
geminal bodies by the fibres of the lemniscus ; ventral to it are the posterior 
longitudinal fasciculus, and the formatio reticularis of the tegmentum. Scattered 
throughout its grey matter are numerous nerve-cells of various sizes, interlaced 
by a network of fine fibres. Besides these scattered cells it contains three 
groups which constitute the nuclei of the third and fourth nerves, and the 
nucleus of the Sylvian or mesencephalic root of the fifth nerve. The nucleus of 
the fifth extends along the entire length of the aqueduct, and occupies the outer 
part of the grey. substance, while those of the third and fourth are situated in its 
ventral part. The nucleus of the third measures about ten millimetres in length, 
and lies under the upper quadrigeminal body, beyond which, however, it extends 
for a short distance into the grey matter of the third ventricle; that of the 
fourth is small and nearly circular, and is on a level with a plane carried 
transversely through the upper part of the lower quadrigeminal body. 

The posterior commissure is a rounded band of white fibres, which stretches 
across the middle line behind the upper end of the Sylvian aqueduct, and in 
relation to the ventral aspect of the stalk of the pipen body, with which it is 
connected ; it forms a part of the posterior boundary of the third ventricle, but 
its connections have not been definitely determined. The fibres which occupy 
its ventral part acquire their medullary sheaths early, and are said to arise in the 
ganglion habenulæ and pineal body, and pass to the posterior longitudinal bundle 
and oculo-motor nucleus of the opposite side. The more dorsally situated fibres 
connect the posterior part of the optic thalamus with the tegmentum of the crus 
cerebri. 


THE FORE-BRAIN 


The fore-brain consists of: (1) the thalamencephalon, or inter-brain (dien- 
cephalon), which corresponds in a large measure to the third ventricle and 
the structures which bound it; and (2) the telencephalon, which comprises the 
largest part of the brain, viz. the cerebral hemispheres ; these hemispheres are 
intimately connected with each other across the middle line, and each contains 
a large cavity, named the lateral ventricle. The lateral ventricles communicate, 
through the foramen of Monro, with the third ventricle ; but are separated from 
each other by a mesial septum which contains a slit-like cavity, termed the fifth 
ventricle, which, however, has no communication with the other brain ventricles. 


Tar THALAMENCEPHALON 


The thalamencephalon, or inter-brain, comprises the greater part of the third 
ventricle, together with the structures which.are in immediate relation with it. 
It is connected above and in front with the cerebral hemispheres ; behind, with 
the mid-brain. Its upper surface is entirely concealed by the parts which join 
the cerebral hemispheres together, and is also covered by a fold of pia mater, 
named the velum interpositum. Inferiorly, it reaches to the base of the brain, 
where it forms the structures contained in the interpeduncular space. 

The interpeduncular space consists of a somewhat lozenge-shaped area, 
limited in front by the optic commissure ; behind, by the upper surface of the 
pons Varolii; antero-laterally, by the conreng ing Ome tracts, which meet in front 
in the optic commissure ; postero-laterally, by the diverging crura cerebri. The 
structures seen in this space form the greater part of the floor of the third 
ventricle, and are named, from before backwards, the tuber cinereum, with its 
infundibulum and pituitary body, the corpora albicantia, and the posterior 
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The tuber cinereum is a hollow eminence of grey matter, situated behind 
the optic commissure and in front of the corpora albicantia. Laterally it is 
continuous with the grey substance of the anterior perforated spaces, and 
anteriorly with a thin lamina, termed the lamina terminalis.* From the under 
surface of the tuber cinereum a conical process of grey matter projects down- 
wards and forwards, and is attached to the posterior lobe of the pituitary body. 
This is named the infundibulum or stalk of the pituitary body, and, like the tuber 
cinereum, is formed by a portion of the grey matter of the floor of the third 
ventricle. Its upper part is hollow, and contains a funnel-shaped diverticulum 
of the ventricular cavity. | | 

The pituitary body (hypophysts cerebri) (fig. 568) is a small reddish-grey 
vascular mass, weighing from five to ten grains, situated in the pituitary fossa, 
where it is retained by a circular fold of dura mater, named the diaphragma sella. 
This fold almost completely roofs in the pituitary fossa, but presents a small, 
central aperture, through which the infundibulum passes. The pituitary body 
is oval, and measures about half an inch from side to side, and about one-third of 
an inch from before backwards. Itis very vascular, and consists of two lobes, 
separated from one another by a fibrous lamina; of these the anterior is the 

larger, of an oblong form, and 

Fic. 568.—The pituitary body, in position. somewhat concave behind, where 

Shown in vertical section. (Testut.) it receives the posterior lobe, 
which is round. ‘The two lobes 
differ in their development and 
in their structure. The anterior 
lobe, of a dark, reddish-brown 
colour, is developed from the 
ectoderm of the buccal cavity, 
and resembles to a confidante 
extent the thyroid body. It 
consists of a number of isolated 
vesicles and slightly convoluted 
tubules, lined by columnar epi- 
thelium and united together by a 
very vascular connective tissue 
The vesicles sometimes contain 
a colloid material similar to that 
| found in the a body. The 
Me ; ) e k _ posterior lobe is developed as 
i dibatum. 3. Optie commissure, $ Lemina aa s & downgrowth from the w of 

terior oerebral a a Dasilar aem we Posterior cerebral the embryonic brain, and during 
artery, 1r. Oorpusalbicans. rz. Orus cerebri, 13. Pons Varolii, foetal life contains a cavity con- 
l l tinuous with that of the third 
ventricle. This cavity becomes obliterated ; and, in the adult, the lobe consists 
of & reticulum of connective tissue with branched cells, some of which contain 
pigment. In man, this lobe possesses no nervous elements; but in certain of 
the lower vertebrates (e.g. the fishes) nervous structures are plentiful, and the 
lobe is of large size. 

The corpora albicantia, or corpora mammillaria, are two round white masses, 
each about the size of a small pea, which lie side by side below the grey matter 
of the ventricular floor, immediately behind the tuber cinereum. They are 
composed externally of white substance, and internally of grey matter: the 
nerve-cells of the latter are arranged in two sets, an inner of smaller, and an 
outer of larger cells. The white substance is mainly formed by the fibres of the 
anterior pillars of the fornix, which descend to the base of the brain and end in 
the corpora albicantia. From the cells of the grey matter of each corpus albicans 





= In relation to the tuber cinereum there are two commissural strands which pass 
across from side to side. One is named the fasciculus of the tuber cinereum, and 
crosses that eminence immediately below the floor of the ventricle; it is said to end 
partly in the anterior pillar of the fornix, and partly in the lenticular nucleus. The other 
is termed the tract or commissure of Meynert; it lies above and behind the optic 
commissure and optic tract, and passes into the crus cerebri. The signification of these 
' commissural strands is unknown. In some animals the commissure of Meynert is seen 
on the surface of the base of the brain; but in man it is buried in the grey substance. 
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two fasciculi arise. One, named the bundle of Vicq d’Azyr, passes upwards into 
the anterior nucleus of the optic thalamus ; the other, termed the peduncle of the 
corpus albicans, passes backwards and downwards into the tegmental region, 
where its mode of ending is not known. At an early period of foetal life, there is 
only a single mammillary eminence ; but this becomes divided about the seventh 
month. In most vertebrates there is only one median corpus albicans. 

The posterior perforated space, or pons Tarini, is a layer of grey matter which 
forms the floor of a deep fossa between the crura cerebri and immediately in 
front of the pons Varolii. It is pierced by numerous orifices for the passage of 
the postero-mesial group of central cerebral arteries. 


Fie. 569.—The third and fourth ventricles. 





An arrow has been placed in the position of the foramen of Monro. 


The third ventricle (fig. 569) is the cavity of the thalamencephalon, and 
consists of a median cleft between the two optic thalami. Behind, it communi- 
cates with the fourth ventricle through the aqueduct of Sylvius, and in front 
with the lateral ventricles through the foramen of Monro. Somewhat triangular 
in shape, with the apex directed backwards, it presents a roof, a floor, an anterior 
and a posterior boundary, and a pair of lateral walls. a 

The roof of the third ventricle is formed by a layer of epithelium which 
stretches between the upper edges of the lateral walls of the cavity, and is 
continuous with the epithelial lining of the ventricle. It is covered by, and 
adherent to, a fold of pia mater, named the velum interpositum, from the under 
surface of which a pair of vascular fringed processes, the choroid plexuses of the 
third ventricle, project downwards, one on either side of the middle line, and 
invaginate the epithelial roof into the ventricular cavity. When the velum 
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interpositum is reflected, the epithelial roof is torn from its lateral attachments, 
and is removed with it, and the cavity of the ventricle is exposed. 

The floor of the third ventricle slopes downwards and forwards, and is formed 
by the structures which occupy the interpeduncular space, and behind these by 
the tegmenta of the crura cerebri. a, 

The anterior boundary of the third ventricle is constituted below by the 
lamina terminalis, and above by the anterior pillars of the fornix and the anterior 
commissure. The lamina terminalis is a thin layer of grey matter, which 
stretches from the upper surface of the optic commissure to the rostrum of the 
corpus callosum. It is continuous behind with the grey matter of the tuber 
cinereum, and laterally with that of the anterior perforated spaces. Immediately 
above the optic commissure the ventricle exhibits a small angular recess or 
diverticulum, named the optic or supra-optic recess. The anterior pillars of the 
fornix are two thick strands of white substance, which curve downwards in front 
of the optic thalami and subsequently pass into the side-wall of the third 
ventricle ; while the anterior commissure is a transverse band lying directly in 
front of these pillars. Between the anterior pillars of the fornix and above the 
anterior commissure, the ventricular cavity is continued as a small recess, termed 
the vulva. At the junction of the roof with the anterior wall of the ventricle, and 
situated between the optic thalami behind and the anterior pillars of the fornix 
iD front, 7 the ive of Monro, through which the third communicates with 
the lateral ventricles. 

The posterior boundary of the third ventricle consists of the pineal body, the 
posterior commissure, and the upper end of the aqueduct of Sylvius. 

The pineal body (epiphysis cerebri) is a small reddish-grey body, conical in 
shape (hence its synonym, conariwm), placed immediately above and behind the 
posterior commissure, and projecting backwards and downwards between the 
upper pair of quadrigeminal bodies. It lies beneath the splenium of the corpus 
callosum, but is separated from it by the velum interpositum, the lower layer of 
which envelops it. It measures about one-third of an inch in length, and its 
base, directed forwards, is attached by a stalk or peduncle of white matter. 
The stalk of the pineal body is divided anteriorly into two lamin, upper and 
lower ; and these are separated by a small triangular recess, the recessus pinealis 
of the third ventricle. Above the pineal body is another recess, named the 
recessus suprapinealis ; this consists of a diverticulum of the epithelium which 
forms the ventricular roof. The ventral lamina of the pineal stalk is prolonged 
into the posterior commissure, which lies immediately below it. The dorsal 
lamina divides into two lateral strands, named the strie pinealis, which extend 
forward, one on either side, along the optic thalamus at the junction of its 
ae and upper surfaces, and blend in front with the anterior pillars of the 

ornix. 

Structure of the pineal body.—The pineal body is destitute of nervous 
elements, and consists of a number of follicles, lined by epithelium and 
enveloped by connective tissue. These follicles contain a variable quantity of 
gritty material, named acervulus cerebri or brain-sand, composed of phosphate 
li of lime, phosphate of magriesia and ammonia, and a little animal 

atter. 

The pineal body is generally believed to be the homologue of the pineal eye 
of lizards. In these animals the epiphysis is attached by an elongated stalk, 
and projects through an aperture in the roof of the cranium. Its extremity 
lies immediately under the epidermis, and, on microscopic examination, presents, 
in a rudimentary fashion, structures similar to those found in the eyeball. 
Recent observations tend to the conclusion that the pineal body arises as a 
ae structure, probably serially homologous with the paired eyes. 

he pa commissure and the aqueduct of Sylvius have already been 
describe (page 803). 

Lateral wails of the third ventricle.—Each lateral wall consists of an upper 
ha formed by the inner surface of the anterior two-thirds of the optic 
am it and a ue Part consisting of an upward continuation of the grey 
av : ven ia, p vane These two parts correspond to the alar and basal 
pean, P nak yo 4 nia walls of the fore-brain vesicle, and are separated 
scene Ye ari! which reaches from the foramen of Monro to the aqueduct 

y » tms turrow is named the sulcus of Monro (see page 113). The 
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lateral wall is limited above by a delicate band of white fibres, the stria pinealis, 
which runs forwards along the junction of the mesial and upper surfaces of the 
thalamus to join the corresponding anterior pillar of the fornix. The anterior 
pillars of the fornix curve downwards in front of the foramen of Monro,.and 
then run in the lateral walls of the ventricle, where, at first, they form distinct 
prominences, but are subsequently lost to sight below. 

The optic thalamus is a large ovoid mass of grey matter, situated on the lateral 
aspect of the third ventricle, and reaching for some distance behind that cavity. 
It measures about an inch and a half in length, and presents two extremities, 
anterior and posterior, and four surfaces, superior, inferior, internal, and external. 

The anterior extremity is narrow, directed forwards and inwards, and lies 
pe to the middle line, where it forms the posterior boundary of the foramen of 

onro. 

The posterior extremity is expanded, directed backwards and outwards, and 
overlaps the superior quadrigeminal body. Internally, it presents a well-marked, 
angular prominence, the posterior tubercle, or pulvinar: this is continued 
externally into an oval swelling, the external geniculate body; while beneath the 
pulvinar, but separated from it by the superior brachium, is a second oval 
eminence, the internal geniculate body. 

The superior surface is free, slightly convex, and covered by a layer of white 
matter, termed the stratum zonale. It is separated externally from the caudate 
nucleus, a large pear-shaped mass of grey matter, by a white band, named the 
tenia semicircularis, and by the vein of the corpus striatum. It is divided into 
an inner and an outer portion by an oblique, but shallow, furrow which runs 
from behind, forwards and inwards. The outer part forms a portion of the floor 
of the lateral ventricle, and is covered by the epithelial lining of that cavity: it 
terminates anteriorly in a tubercle, named the anterior tubercle of the optic 
thalamus. The inner part is covered by the velum interpositum, and is excluded 
from the lateral and third ventricles, and is therefore ‘destitute of an epithelial 
covering. 

The inferior surface rests upon and is continuous with the upward prolonga- 
tion of the tegmentum (subthalamic tegmental region), in front of which it is 
related to the substantia innominata of Meynert. 

The internal surface constitutes the upper part of the lateral wall of the 
third ventricle, and is connected to that of the opposite side by the middle or 
grey commissure. This consists of a flattened grey band, measuring about one- 
third of an inch antero-posteriorly ; it is not, however, a true commissure, since 
it contains no nervous tissues, but is composed only of neuroglial elements which 
pass between the inner aspects of the optic thalami. 

The external surface is in contact with a thick band of white matter which 
forms the posterior limb of the internal capsule and separates the optic thalamus 
from the lenticular nucleus of the corpus striatum. 

Structure.—The optic thalamus consists chiefly of grey matter ; but its upper 
surface is covered by a layer of white matter, the stratum zonale, and its outer 
surface by a similar layer, termed the external medullary lamina. Further, the 
grey mass is subdivided into three chief nuclei—anterior, inner, and outer—by a 
white layer, named the internal medullary lamina. The antertor nucleus is the 
smallest, and is situated in the anterior tubercle ; the fibres of the bundle of Vieq 
d’Azyr arise from the cells of the corpus albicans and end in this nucleus. The 
inner nucleus lies between the internal medullary lamina and the lateral wall of 
the ventricle, but does not reach as far back as the pulvinar. The outer nucleus 
is the largest, and is placed between the internal and external medullary lamina, 
and extends backwards into the pulvinar. 

Connections of the optic thalamus.—Most of the fibres of the tegmentum end 
in the optic thalamus, but some are probably carried through it to the cerebral 
cortex. Its anterior tubercle receives fibres (the bundle of Vicq d’Azyr) from the 
corpus albicans. Many fibres enter its posterior extremity from the optic tract. 
Numerous fibres arise from the cells of the optic thalamus and radiate to the 
different parts of the cerebral cortex. These are described under the four 
following groups: (a) the fibres of the anterior stalk of the optic thalamus, 
which pass through the anterior limb of the internal capsule to the frontal lobe ; 
(b) the posterior stalk, or optic radiation, which consists of fibres that arise in the 
pulvinar, and pass through the extreme posterior part of the internal capsule to 
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the occipital lobe ; (c) the inferior stalk is composed of fibres which leave the 
mesial and under aspects of the thalamus, and pass outwards beneath the 
lenticular nucleus to end in the cortex of the temporal lobe and island of Reil; 
and (d) the parietal stalk, made up of fibres which pass from the outer surface of 
the thalamus to the parietal lobe. Fibres also pass from the optic thalamus into 
the corpus striatum—those destined for the caudate nucleus leave the outer sur- 
face, and those for the lenticular nucleus, the inferior surface of the thalamus. 

Corpora geniculata.—These are two in number—internal and external—on 
each side, and have already been referred to in connection with the posterior 
extremity of the optic thalamus. | 

The mternal geniculate body lies under the pulvinar of the optic thalamus, 
and on the lateral aspect of the corpora quadrigemina, and is sometimes 
described as a part of the mid-brain. Oval in shape, with its long axis directed 
forwards and outwards, it is lighter in colour and smaller in size than the 
external. The inferior brachium from the lower quadrigeminal body disappears 
under cover of it, while from its outer extremity a strand of fibres passes to join 
the optic tract. The internal geniculate bodies are connected with each other 
through the posterior oa of the optic commissure by a bundle of fibres, named 
the commissure of G 

The external geniculate body forms an oval elevation on the outer part of the 
posterior extremity of the optic thalamus, and is connected internally to the upper 

uadrigeminal body by the superior brachium. It receives numerous fibres from 
the optic tract, many of which end in it, while others pass over or through. it into 
the pulvinar. It is of a dark colour, and presents a laminated arrangement 
consisting of alternate layers of grey and white matter. Its cells are large, 
multipolar, and pigmented ; their axons pass to the visual area in the occipital 
part of the cortex. | 

The upper quadrigeminal body, the pulvinar, and external geniculate body 
are intimately connected with sight, and constitute the lower visual centres. 
Extirpation of the eyes in newly born animals entails an arrest of their develop- 
ment, but has no effect on the lower quadrigeminal or internal geniculate bodies. 
Moreover, the latter are well developed in the mole, where the superior quadri- 
geminal body is rudimentary. 

_ Trigonum habenulæ (fig. 566).—This name is given to a small, depressed, 
triangular area, which is situated in front of the upper quadrigeminal body and 
between the pulvinar and the posterior part of the stria pinealis. It contains 
a group of multipolar nerve-cells, termed the ganglion habenule. Fibres enter 
it from the stria pinealis, and others pass across the middle line in the upper 
part of the pineal stalk to the corresponding ganglion on the opposite side. 

he majority of its fibres are, however, directed downwards, and form a bundle, 
the fasciculus retroflexus of Meynert, which passes on the mesial side of the red 
nucleus, and after decussating with the corresponding fasciculus of the opposite 
side, ends in a small mass of grey matter situated between the diverging crura 
cerebri, and named the garon interpedunculare, 

Optic commissure.—The optic commissure consists of a flattened, somewhat 
quadrilateral band of fibres, which is situated at the junction of the floor and 
anterior wall of the third ventricle. Most of its fibres have their origin in 
the retina, and reach it through the optic nerves, which are continuous with its 
antero-lateral angles. In the commissure, they undergo a partial decussation : 
those fibres which come from the nasal or inner half of the retina decussate and 
enter the optic tract of the opposite side, while the fibres from the temporal or 
outer half of the retina do not undergo decussation, but pass back into the optic 
tract of the same side. Occupying the posterior part of the commissure, how- 
ever, 18 a strand of fibres which is not derived from the optic nerves : this con- 
stitutes the commissure of Gudden, and has already been referred to as forming a 
connecting link between the internal geniculate bodies. 

i Optic tracts,—The Optic tracts are continued backwards and outwards from 
the postero-lateral angles of the optic commissure. Each passes between the 
agor perforated space and the tuber cinereum, and, winding round the ventro- 
ee aspect of the crus cerebri, divides into a mesial and a lateral root. The 
en Rp me fibres of Gudden’s commissure. The lateral root consists 
the. erent fibres which arise in the retina and undergo partial decussation 
in the optic commissure, as described ; but it also contains a few fine efferent 
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fibres which have their origin in the brain and their termination in the retina. 
When traced backwards, the fibres of the lateral root are found to end in the 
external geniculate body and pulvinar of the optic thalamus, and in the upper 
quadrigeminal body ; and these three structures constitute the lower visual centres. 
Fibres arise from the nerve-cells in these centres, and pass through the hind- 
most part of the internal capsule, under the name of the optic radiations, to 
the cortex of the occipital lobe of the cerebrum, where the higher visual centre is 
situated. Some of the fibres of the optic radiations take an opposite course, 
arising from the cells of the occipital cortex and passing to the lower visual 
centres. Some fibres are detached from the optic tract, and pass through the 
crus cerebri to the nucleus of the third nerve. These may be regarded as the 
afferent branches for the Sphincter pupille and Ciliary muscles. Other fibres 
have been described as reaching the cerebellum through its superior peduncles ; 
while others, again, are lost in the pons Varolii. 

Subthalamic region.—Towards the anterior part of the crus cerebri the 
tegmentum becomes thinned out and blended with the lower surface of the optic 
thalamus. To this region the name of subthalamic tegmental region has been 
given. In front, it is continuous with the substantia innominata and the grey 
matter of the floor of the third ventricle. This subthalamic region contains a 
forward prolongation of the red nucleus and substantia nigra, and consists, from 
above downwards, of three strata: (1) stratum dorsale, which is directly applied 
to the under surface of the optic thalamus, and consists of fine longitudinal 
fibres; (2) zona incerta, which is a continuation forwards of the formatio 
reticularis of the tegmentum ; and (3) the corpus subthalamicum, or nucleus of 
Luys, which comprises a greyish-yellow mass situated on the dorsal aspect of 
the substantia nigra. It consists of a dense reticulum of neuroglia and small 
nerve-cells, but its signification and connections are very obscure. 


THE CEREBRAL HEMISPHERES 


The cerebral hemispheres constitute the largest part of the encephalon, and, 
when viewed together from above, assume the form of a large ovoid mass which 
is broader behind than in front, the greatest transverse diameter corresponding 
with a line connecting the two parietal eminences. They are separated mesially 
by a deep cleft, named the great longitudinal fissure, and each possesses a central 
cavity, named the lateral ventricle. 

The great longitudinal fissure separates the cerebral hemispheres, and con- 
tains a sickle-shaped process of dura mater, the falx cerebri. In front and 
behind, the fissure extends from the top to the bottom of the hemispheres and 
completely severs them, but its middle portion only separates them for about 
one-half of their vertical extent; for if the hemispheres be drawn apart it will 
be seen that the floor of this portion of the fissure is formed by a great central 
white commissure, the corpus callosum, which connects the hemispheres across 
the middle line. 

Surfaces of the cerebral hemispheres.—Each hemisphere presents three 
surfaces : an outer, a mesial, and a lower. 

The outer surface is convex in adaptation to the concavity of the corre- 
sponding half of the vault of the cranium. The mesial surface is flat and 
vertical, and is separated from that of the opposite hemisphere by the great 
longitudinal fissure and the falx cerebri. The lower surface is of an irregular 
form, and may be divided into three areas: anterior, middle, and posterior. The 
anterior area is concave, formed by the orbital surface of the frontal lobe, and 
rests on the roof of the.orbit and nose; the middle area is convex, and consists 
of the under surface of the temporal lobe: it is adapted to the corresponding 
half of the middle cranial fossa. The posterior area is concave, directed inwards 
as well as downwards, and is named the tentorial surface, since it rests upon 
the tentorium cerebelli, which intervenes between it and the upper surface of 
the cerebellum. 

These three surfaces are separated from each other by the following borders : 
(a) swpero-mesial, between the outer and mesial surfaces; (b) infero-lateral, 
between the outer and tentorial surfaces; (c) internal occipital, separating the 
mesial and tentorial surfaces; (d) swperciliary, between the outer surface and 
the orbital part of the under surface; and (e) internal orbital, separating the 
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orbital from the mesial surface. The anterior extremity of the hemisphere is 
named the frontal pole; the posterior, the ocoipital pole; and the anterior end 
of the temporal lobe, the temporal pole. About two inches in front of the 
occipital pole on the infero-lateral border is an indentation or notch, named the 
pre-occipital notch. 

The surfaces of the hemispheres are moulded into a number of irregular 
eminences, named convolutions or gyri, and these are separated by clefts or 
furrows, termed fissures or sulci. The fissures are of two kinds, complete and 
incomplete. The former appear early in footal life, are few in number, and are 
produced by infoldings of the entire thickness of the brain-wall, and give rise 
to corresponding elevations in the interior of the ventricle. They comprise the 
hippocampal or dentate fissure, and parts of the calcarine and collateral fissures. 


Fic. 570.—Upper surface of the brain, the arachnoid having been removed. 





The incomplete fissures are very numerous, and only indent the central white 
onal without producing any corresponding elevations in the ventricular 
The conyolutions and their intervening fissures are fairly constant in their 
ea pment; at the same time, they vary within certain limits, not only in 
erent individuals, but on the two hemispheres of the same brain. The 
convoluted condition of the surface permits of a great increase of the grey 
matter without sacrificing much additional space. The number and extent 
of the convolutions, as well as the depth of the intervening sulci appear to bear 
a ar ee age E ip he intellectual powers of the individual. 
l ain or the Nssures are utilised for the purpose of dividing the hemi 
ine lobes: included under this category me’ ihe fissure of aylvine nave 
of Rolando, the parieto-occipital and callogo-marginal fissures. 
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The fissure of Sylvius constitutes a well-marked cleft on the under and outer 
surfaces of the hemisphere, and consists of a short stem which divides into three 
limbs. The stem is situated on the base of the brain, and commences at the 
outer angle of the anterior perforated spot, in a depression named the vallecula 
Sylvii. From this point it extends outwards between the anterior part of the 
temporal lobe and the orbital surface of the frontal lobe, and reaches the outer 
surface of the hemisphere. Here it divides into three limbs: an anterior, an 
ascending, and a posterior. The anterior limb passes forwards for nearly an 
inch into the inferior frontal convolution, while the ascending limb extends 
upwards into the same convolution for about an equal distance. The posterior 
lımb is the longest; it is carried backwards and slightly upwards for about 
three inches, and terminates by an upward inflexion in the parietal lobe. 

The fissure of Rolando, or sulcus centralis, is situated about the middle of the 
outer surface of the hemisphere, and commences in or near the great longitudinal 
fissure, a little behind its mid-point. It runs sinuously downwards and forwards, 
and terminates a little above the posterior limb of the fissure of Sylvius, and 
about an inch behind the ascending limb of the same fissure. It describes two 
chief curves: an upper or superior genu with its concavity directed forwards, 
and a lower or inferior genu with its concavity directed backwards. The 
fissure of Rolando forms an angle opening forwards, of about seventy degrees 
with the mesial plane. 

The Parieto-occipital fissure—Only a small part of this fissure is seen 
on the outer surface of the hemisphere, its chief part being situated on the 
mesial surface. That on the outer surface is usually named the external 
parieto-occipital fissure, and that on the mesial aspect the internal parieto- 
occipital fissure. 

The external parieto-occipital fissure is situated about two inches from the 
posterior extremity or occipital pole of the hemisphere, and extends on to the 
outer surface for about half an inch. 

The internal parieto-occipital fissure runs downwards and forwards as a deep 
cleft on the mesial surface of the hemisphere, and joins the calcarine fissure below 
and behind the posterior end of the corpus callosum. On separating the lips 
of this fissure, it will be seen in most cases to contain a submerged convolution. 

The calloso-marginal fissure is situated on the mesial surface of the hemi- 
sphere ; it commences below the anterior end of the corpus callosum and runs 
upwards and forwards nearly parallel to the rostrum of this body, and, curving 
in front of the genu, is continued backwards above the corpus callosum, and 
finally ascends to the upper margin of the hemisphere, a short distance behind 
the upper extremity of the fissure of Rolando. It separates the marginal 
convolution of the frontal lobe from the callosal convolution of the limbic lobe. 

The collateral fissure is situated on the tentorial surface of the hemisphere, 
and extends from near the occipital to within a short distance of the temporal 
pole. Behind, it lies below and to the outer side of the calcarine fissure, from 
which it is separated by the gyrus lingualis; in front, it is situated between 
the hippocampal convolution of the limbic lobe and the anterior part of the 
temporo-occipital convolution. l 

Lobes of the hemispheres.—By means of these fissures, assisted by certain 
arbitrary lines, the hemisphere is subdivided into the following convolutions : the 
frontal, the parietal, the temporal, the occipital, and the limbic ; to these must be 
added the central lobe, or island of Reil, which is buried in the fissure of Sylvius, 
and the olfactory lobe, which lies below the orbital surface of the frontal lobe and 
was formerly described as the olfactory nerve. The first four of these lobes are 
named after the bones of the skull with which they are chiefly in relation, but 
it must be borne in mind that their limits do not correspond with those of the 
bones after which they are named. l 

The frontal lobe.—On the outer surface of the hemisphere, this lobe extends 
from the frontal pole to the fissure of Rolando, the latter separating it from the 
parietal lobe. Below, it is limited by the posterior limb of the fissure of Sylvius, 
which intervenes between it and the temporal lobe. On the mesial surface, it is 
separated from the limbic lobe by the calloso-marginal fissure ; and on the under 
surface, it is bounded behind by the stem of the Sylvian fissure. The outer 
surface of the frontal lobe presents three sulci, which divide it into four convo- 
lutions (fig. 573). ‘These are named the precentral, and the superior and inferior 
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frontal sulci. The precentral sulcus runs upwards through this lobe, parallel to 
the fissure of Rolando, and is usually divided into upper and lower parts. It 


Fre. 571.—Fissures and lobes on the external surface of the cerebral hemispheres. 
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forms the anterior limit of a convolution, which lies between it and the fissure 
of Rolando, and which is called the ascending frontal or precentral convolution. 


Fic. 572.—Fissures and lobes on the internal surface of the cerebral hemispheres. 
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convolutions, named respectively the superior, middle, and inferior frontal 
convolutions. 

The ascending frontal convolution is a simple convolution, bounded in front 
by the precentral sulcus, behind by the fissure of Rolando, and extending from 
ra Soala border of the hemisphere to the posterior limb of the fissure 
O vius. 

he superior frontal convolution is situated between the margin of the longi- 
tudinal fissure and the superior frontal sulcus. It is continuous on the inner 
aspect of the hemisphere with the marginal convolution, and on the orbital 
surface with the internal orbital convolution. It is usually more or less com- 
pletely subdivided into an upper and a lower part by an antero-posterior sulcus, 
the sulcus paramesialis, which, however, is frequently interrupted by bridging 
convolutions. 

The middle frontal convolution is situated between the superior and inferior 
frontal sulci, and is continuous with the anterior orbital convolution on the 


Fig. 573.—Convolutions and sulci on the external surface of the cerebral hemisphere. 
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lower surface of the hemisphere. The middle frontal convolution is frequently 
subdivided into two by a sagittally directed sulcus, the sulcus frontalis medius 
of Ebersialler. Da 

The inferior frontal convolution is situated below the inferior frontal sulcus, 
and extends forwards from the lower part of the precentral sulcus ; it is con- 
tinuous with the external and posterior orbital convolutions on the under surface 
of the lobe. The inferior frontal convolution is subdivided by the anterior and 
ascending limbs of the fissure of Sylvius into three parts, viz. : (1) the pars 
orbitalis, below the anterior limb of the fissure; (2) the pars triangularis (‘cap ' 
of Broca), between the two limbs; and (3) the pars basilaris, behind the 
ascending limb. l 

The left inferior frontal convolution is, as rule, more highly developed than 
the right, and is named the convolution of Broca, from the fact that in 186r 
Broca discovered that it was the centre for speech. 

The under surface of the frontal lobe is concave, and rests on the orbital plate 
of the frontal bone (fig. 574). It is divided into four convolutions by a well- 
marked H-shaped sulcus, the orbital sulcus. These are named, from their 
position, the internal, anterior, external, and. posterior orbital convolutions. The 
internal orbital convolution presents a well-marked antero-posterior groove or 
sulcus, the olfactory sulcus, for the olfactory tract; and the portion internal to 
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this is named the gyrus rectus, and is continuous with the marginal gyrus on 
j rface. l i l 
va The ane or internal surface of the frontal lobe is occupied by a single 
curved convolution, which from its situation is termed the marginal gyrus 
(fig. 575). It commences in front of the anterior perforated space, runs along 
the margin of the longitudinal fissure on the mesial surface of the orbital lobe, 
where it is continuous with the internal orbital convolution ; it then ascends, 
and runs backwards to the point where the calloso-marginal fissure turns 
upwards to reach the superior border of the hemisphere. The posterior part 
dh this convolution is sometimes marked off by a vertical fissure, and is dis- 


Fra. 574.—Convolutions and sulci on the under surface of the anterior lobe. 
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tinguished as the paracentral convolution, because it is continuous with those 
convolutions which lie immediately in front of and behind the central fissure 
or fissure of Rolando. 

The parietal lobe forms a part of both the outer and mesial surfaces of the 
hemisphere. It is separated from the frontal lobe by the fissure of Rolando, but 
its boundaries below and behind are not so definite. Posteriorly, it is limited by 
the external parieto-occipital fissure, and by a line carried across the hemisphere 
from the outer end of this fissure to the pre-occipital notch. Below, it is sepa- 
rated from the temporal lobe by the posterior limb of the fissure of Sylvius, and 
by a line carried backwards from the horizontal part of this fissure to meet the 
one passing downwards to the pre-occipital notch. 

_ The outer surface of the parietal lobe is cleft by a well-marked furrow, the 
mtraparietal sulcus of Turner, which consists of an oblique and a horizontal 
portion. The oblique part is named the post-central sulcus, and commences below, 
about midway between the lower end of the fissure of Rolando and the upturned 
end of the fissure of Sylvius. It runs upwards and backwards, parallel to the 
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fissure of Rolando, and is sometimes divided into an upper and a lower ramus. It 
forms the posterior limit of the ascending parietal or post-central convolution. 

_ From about the middle of the post-central suleus, or from the upper end of 
its inferior ramus, the horizontal portion of the intraparietal sulcus is carried 
backwards and slightly upwards through the parietal lobe, and is prolonged, 
under the name of the ramus occipitalis, into the occipital lobe, where it divides 
into two parts, which form nearly a right angle with the main stem and constitute 
the transverse occipital fissure. The part of the parietal lobe above the horizontal 
ramus is named the superior parietal convolution ; the part below, the inferior 
parietal convolution. 

The ascending parietal or post-central convolution extends from the great 
longitudinal fissure above to the horizontal limb of the fissure of Sylvius below. 
It lies parallel with the ascending frontal or precentral convolution, with which 
it is connected below, and also, sometimes, above the fissure of Rolando. 

The superior parietal convolution is bounded in front by the upper part of the 
post-central suleus, which lies between it and the previous sonvoltitien, but with 


Fre. 575.—Convolutions and sulci on the internal surface of the cerebral hemispheres. 
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which it is usually connected above the upper extremity of the sulcus ; behind, 
it is bounded by the external parieto-occipital fissure, outside the termination 
of which it is joined to the occipital lobe by a narrow convolution, the first 
annectant gyrus, or arcus parieto-occipitalis ; below, it is separated from the 
inferior parietal convolution by the horizontal portion of the intraparietal sulcus ; 
and above, it is continuous on the inner surface of the hemisphere with the 
precuneus or quadrate lobe. 

The inferior parietal convolution lies below the horizontal ramus, and behind 
the lower part of the post-central sulcus. Jt is divided from before backwards 
into three convolutions. One, the supramarginal, arches over the u turned end 
of the fissure of Sylvius ; it is continuous in front with the ascending parietal 
convolution, and behind with the superior temporal convolution. The second, 
the angular, arches over the posterior end of the superior temporal or parallel 
sulcus, behind which it is continuous with the middle temporal convolution. 
The third, the post-parietal, curves round the end of the secon temporal sulcus, 
and is continuous with the third temporal convolution. 

The internal or mesial surface of the parietal lobe is continuous with the 
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external surface, over the supero-mesial border of the hemisphere. It is bounded 
behind by the internal parieto-occipital fissure ; in front, by the upturned end 
of the calloso-marginal fissure ; and below, it is separated from the limbic lobe 
by the post-limbic fissure. It is of small size, and consists of a square-shaped 
convolution, which is termed the quadrate lobe or precuneus. 

The occipital lobe is small and pyramidal in shape; it presents three 
surfaces: an outer, a mesial, and a tentorial. 

Its outer surface is limited in front by the external parieto-occipital fissure, and 
by a line carried from the outer end of this fissure to the pre-occipital notch. 
This surface is traversed by the transverse occipital and the lateral occipital 
sulci. The transverse occipital. sulcus is continuous with the posterior end of 
the ramus ge of the intraparietal sulcus, and runs across the upper part 
of the lobe, a short distance behind the external parieto-occipital fissure. The 
lateral occipital sulcus extends from behind forwards, and divides the outer 
surface of the occipital lobe into an upper and a lower convolution, which 
are continuous in front with the parietal and temporal lobes. Elliot Smith 
has named the lateral occipital sulcus the sulcus lunatus; he regards it as‘the 
representative, in the human brain, of the ‘ Affenspalte ' of the brain of the ape. 

The mesial surface of the occipital lobe is bounded in front by the internal 

arieto-occipital fissure, and is traversed by the calcarine fissure, which subdivides 
it into the cuneus and the lingual lobule. The calcarine fissure commences near 
the occipital pole in a bifid extremity; it runs almost horizontally forwards, and 
ends in the substance of the limbic lobe, a little below the posterior extremity 
of the corpus callosum. It is joimed at an acute angle by the internal 
parieto-occipiial fissure, and the wedge-shaped area between the two fissures 
is named the cuneus. The lingual lobule lies between the calcarine fissure 
and the posterior part of the collateral fissure, and extends, therefore, on 
to the tentorial suriace. Behind, it reaches the occipital pole; in front, it is 
continued on to the tentorial surface of the temporal lobe, and joins the hippo- 
gropa convi Heong the limbic ae. The anterior portion of the calcarine 
ssure gives rise e prominence of the hippocampus minor 1S, Ì 
the interior of the lateral ventricle. a ii j Or aalan ia 
_ The tentorial surface of the occipital lobe is limited in front by an imaginary 
line carried inwards from the pre-occipital notch, and consists of the posterior 
part of the occipito-temporal convolution and the lower part of the lingual lobule 
= are separated from each other by the posterior segment of the collateral 
ssure. 

The temporal lobe presents upper, lower, and tentorial surfaces. 

The upper surface forms the lower limit of the fissure of Sylvius, and overlaps 
the island of Reil. On opening out the fissure of Sylvius, three or four gyri 
will be seen springing from the depth of the hinder end of the fissure, and 
rapping ogue] iis = oe on the posterior part of the upper 

ace o e first temporal convolution; the ) 
tenaya! gyri, or gyri of Ars a iaa 

‘he outer surface is bounded above by the posterior lim 

Sylvius, and by the imaginary line te lat e : 
limited by the infero-lateral border of the hemisphere. It is divided by two 
sulci, which are termed the first and second temporal sulci. The first sail al 
sulcus is well marked, and runs from before backwards through the aa i 
lobe, some little distance below, but parallel with, the posterior limb of th 
fissure of pe: and hence it is often termed the parallel sulcus. The Boond 
temporal sulcus takes the same direction as the first, but is situated at a lo 
level, and is usually subdivided into two or more parts. These two sulci ib- 
divide this surface of the temporal lobe into three convolutions. The WE or 
superior temporal convolution lies between the posterior limb of the fissure of 
Sylvius and the parallel sulcus, and is continuous behind with the 
marginal and angular convolutions. The second or middle temporal co H Mon 
is placed between the first and second temporal sulci, and is oid s = fee Gi tle 
jd a gulag = past parajal convolutions. The third of ferir, lomiga 

- is placed beiow the second temporal sulcus, and is connected behind 
with the lower occipital convolution ; it also extends round the infero-lateral 


border on to the tentorial surf it is limi me 
sulcus about to be described. aoe, whero Ieaeliaaaean nes oceipito-temporal 
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The żentorial surface is concave, looks downwards and inwards, and is 
directly continuous posteriorly with the tentorial surface of the occipital lobe. 
It is traversed by the occipito-temporal sulcus, which extends from near the 
occipital pole behind to within a short distance of the temporal pole in front ; 
but is frequently subdivided by bridging gyri. To the outer side of this fissure 
is the narrow tentorial part of the third temporal convolution, and to its inner 
side the occipito-temporal convolution, which extends from the occipital to the 
temporal pole. This convolution is limited internally by the collateral fissure, 
which separates it from the lingual lobule behind and from the hippocampal 
convolution of the limbic lobe in front. 

The central lobe, or island of Reil (fig. 576), lies deeply in the Sylvian fissure, 
and can only be seen when the lips of that fissure are widely separated, since it 
is overlapped and hidden by the convolutions which bound the fissure. These 
convolutions are termed the opercula of the insula ; they are separated from each 
other by the three limbs of the Sylvian fissure, and named the orbital, frontal, 
fronto-parietal, and temporal opercula. The orbital operculum lies below the 
anterior limb of the fissure, the mia between the anterior and ascending limbs, 
the fronto-parietal between the ascending limb and the upturned end of the 


Fic. 576.—The island of Reil. Left side. The overlapping parts of the hemisphere 
have been removed. 





1, 2, 3. Gyri breves. 4,5. Gyrus longus, bifurcated at its upper extremity. Between the gyri breves 
and the gyrus longus is seen the enlcns centralis, 


posterior limb, and the temporal below the posterior limb. The frontal operculum 
may be of small size; and when this is the case, the anterior and ascending 
limbs of the fissure of Sylvius arise from a common stem which lies between the 
orbital and fronto-parietal opercula. The island of Reil is surrounded by a deep 
limiting sulcus, which separates it from the frontal, parietal, and temporal lobes. 
When the opercula have been removed it presents the form of a triangular 
eminence, the apex of which is directed downwards and inwards towards the 
anterior perforated space. It is divided into a precentral and a post-central lobe 
by the sulcus centralis, which runs backwards and upwards from the apex of the 
insula. The precentral lobe is further subdivided by shallow sulci into three or 
four short convolutions, the gyri breves, while the post-central lobe is named the 
gyrus longus and is often bifurcated at its upper extremity. The grey matter of 
the insula is continuous with that of the different opercula, while its mesial 
surface corresponds with the lenticular nucleus of the corpus striatum. 

The Limbic lobe.—The term limbic lobe (grande lobe limbique) was introduced 
by Broca in 1878, and under it he included two convolutions, viz. the callosal 
and hippocampal, which together arch round the corpus callosum and the 
dentate or hippocampal fissure. These he separated on the — 
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gmatic animals), such as the dog and fox. To the lobe thus defined the 
ollowing parts must be added, viz.: (1) the laminæ of the septum lucidum, the 
fornix and its fimbriæ, and the infracallosal gyrus, which may be regarded as 
forming an inner or deep arch ; (2) the peduncles and longitudinal striæ of the 
corpus callosum, together with the fasciola cinerea and gyrus dentatus, which 
form a middle arch. The outer arch is constituted by the callosal and hippo- 
campal convolutions : the inner and middle arches are separated from each 
other by the corpus callosum. R l 

The callosal convolution is an arch-shaped convolution, lying in close relation 
to the superficial surface of the corpus callosum, from which it is separated by 
a slit-like fissure, the callosal fissure. It commences below the rostrum of the 
corpus callosum, curves round in front of the genu, extends along the upper 
surface of the body, and finally turns downwards behind the splenium, where it 
is connected by a narrow isthmus with the gyrus hippocampi. It is separated 
from the marginal convolution by the calloso-marginal sulcus, and from the 
quadrate lobe by the post-limbic sulcus. 

The hippocampal convolution (gyrus hippocampi) is bounded above by the 
hippocampal or dentate fissure, and below by the anterior part of the collateral 
fissure. Behind, it is continuous superiorly, through the isthmus, with the 
callosal convolution, and inferiorly with the lingual lobule. Its anterior 
extremity is recurved in the form of a hook, and is named the uncus. Running 
in the substance of the callosal and hippocampal convolutions, and connecting 
them together, is a tract of arched fibres, named the cingulum. The outer root 
of the olfactory tract passes into the anterior extremity of the hippocampal 
convolution, and the inner root into the commencement of the callosal con- 
volution, so that these two convolutions, with the addition of the olfactory tract, 
present a racquet-like appearance—the olfactory tract constituting the handle 
and the two convolutions the circumference of the blade. 

The dentate convolution (formerly named the dentute fascia) is situated above 
the gyrus hippocampi, from which it is separated by the hippocampal or dentate 
fissure. It is overlapped by the fimbria, from which it is separated by the 
fimbrio-dentate fissure, and is a narrow, elongated convolution, the free surface 
of which presents a notched or toothed appearance, hence its name. Posteriorly 
it is prolonged as a delicate lamina, the fasciola cinerea, around the splenium 
of the corpus callosum, and becomes continuous on the upper surface of that 
body with its mesial and lateral longitudinal striæ. Anteriorly it is prolonged 
into the notch produced by the reourving of the uncus, where it forms a sharp 
bend ; from here if can be traced as a delicate band (band of Giacomini) over 
the uncus, on the outer surface of which it is lost. 

The remaining structures which contribute to the formation of the limbic 
lobe will be subsequently desoribed. 

The dentate or hippocampal fissure commences immediately behind the 
patie extremity of the corpus callosum, and runs forwards.between the 

ippocampal and dentate convolutions to terminate in the uncus. It is a 
complete fissure (see page 810), and gives rise to the prominence of the hippo- 
campus major in the descending horn of the lateral ventricle. It separates the 
hippocampal and dentate convolutions from each other. 

The olfactory lobe is situated on the under surface of the frontal lobe. It is 
rudimentary in man and some other mammals, but in most vertebrates it is 
well developed and consists of a distinct extension of the cerebral hemisphere, 
enclosing a portion of the anterior horn of the lateral ventricle. In man it is 
long and slender, and may be described as consisting of two parts, the anterior 
and posterior olfactory lobules. 

The anterior olfactory lobule is made up of: (1) the olfactory bulb; (2) the 
olfactory tract ; (3) the trigonum olfactorium ; and (4) the area of Broca. 

(1) The olfactory bulb is an oval mass of a reddish-grey colour, which rests 
on the cribriform plate of the ethmoid bone, and forms the anterior expanded 
extremity of the olfactory tract. Its under surface receives the olfactory nerves, 
which pass upwards through the cribriform plate from the olfactory region of 
the nose. Its minute structure will be subsequently described. 

(2) The olfactory tract is a band of white matter, triangular on section, the 
apex being directed upwards. It lies in the olfactory suleus on the under 


Came ihat they are well developed in animals possessing a keen sense of smell 
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surface of the frontal lobe. Traced backwards, it is seen to divide into two 
roots, an outer and an inner. The outer root passes across the outer part of the 
anterior perforated space to the nucleus amygdalæ and the anterior part of 
the gyrus hippocampi. The inner root turns sharply inwards behind Broca’s 
area, and ends in the callosal convolution; in other words, the inner root is 
continuous with one extremity and the outer root with the other extremity of 
the limbic lobe. 

(3) The trigonum olfactoriwm is a small triangular area of 
situated between the diverging roots of the olfactory tract in front of tien a 
as space, and is sometimes described as the middle or grey root of the 
ract. 

(4) The area of Broca is a small triangular field, situated in front of the inner 
root of the olfactory tract, and separated from the peduncle of the corpus 


Fic. 577.—Base of the brain. 
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callosum and the posterior olfactory lobule by a fissure (fissura prima). It is 
continuous with the commencement of the callosal convolution, and is cut off 
from the gyrus rectus by an oblique fissure ( fissura serotina). 

The posterior olfactory lobule, or anterior perforated space, is marked off from 
the anterior lobule by the fissura prima, and is situated at the commencement of 
the fissure of Sylvius. Internally it is bounded by the peduncle of .the corpus 
callosum, and is continuous with the lamina cinerea. Posteriorly it is bounded 
by the optic tract, and it is partially concealed by the temporal lobe which over- 
laps it. It has received the name of anterior perforated space from its being 
perforated by numerous openings, which transmit blood-vessels to the interior of 
362 
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the brain, and it corresponds to the under surfaċe of the lenticular nucleus and 
rt of the claustrum. 
= Interior of the cerebrum.—lIf the upper part of either hemisphere be removed 
with a knife, at a level about half an inch above the corpus callosum, the 
internal white matter will be exposed. It is an oval-shaped centre, of white 
substance, surrounded by a narrow convoluted margin of grey matter, which 
presents nearly an equal thickness in every part. This white central mass 
has been called the centrum ovale minus. Its surface is studded with numerous 
minute red dots (puncta vasculosa), produced by the escape of blood from divided 
blood-vessels. In inflammation or great congestion of the brain these are very 
numerous, and of a dark colour. If the remaining portions of the hemispheres 
be separated from each other, a broad band of white substance will be 
observed, connecting them at the bottom of the longitudinal fissure ; this is the 


Fic. 578.—Section of the brain. Made on a level with the corpus callosum. 
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corpus callosum. The margins of the hemispheres which overlap this portion of 
the brain are called the labia cerebri. Each labium is part of the callosal con- 
volution already described; and the slit-like interval between it and the upper 
surface of the corpus callosum is termed the callosal fissure (fig. 575). The 
hemispheres should now be sliced off to a level with the upper surface of the 
corpus callosum, when the white substance of that structure will be seen con- 
necting the two hemispheres. The large expanse of medullary matter now 
exposed, surrounded by the convoluted margin of grey substance, is called the 
centrum ovale majus of Vieussens (fig. 578). l 

The corpus callosum is the great transverse commissure which unites the 
cerebral hemispheres and roofs in the lateral ventricles. A good conception of 
its position and size is obtained by examining a mesial section of the brain 
when it is seen to form an arched ‘structure about four inches in length. Its 
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anterior extremity reaches to within about an inch and a half of the frontal 
pole, and its posterior extremity about two and a half inches from the occipital 
pole of the hemisphere. 

The anterior extremity is named the genu, and is bent downwards and baek- 
wards in front of the septum lucidum; diminishing rapidly in thickness, it is 
prolonged backwards, under the name of the rostrum, which is connected below 
with the lamina terminalis. The anterior cerebral arteries are in contact with 
the under aspect of the rostrum ; they then arch over the front of the genu, and 
are carried backwards above the body of the corpus callosum. 


Fig. 579.—Vertical median section of the encephalon, showing the parts in the 
middle line. 
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x. Callosal convolution. Above it is the calloso-margina fornix, a shaded part indicates the foramen of Monro ; 
fissure. in front of the number an oval mark shows the posi- 

2. Fissure of Rolando. tion of the grey or middle commissure, 

3. The parieto-occipital fissure. ro. The velum interpositum, 


4. 4 point to the calcarine fissure, which is just above the rx. The pineal body. 
numbers. Between 2 and 3 is the quadrate lobe. 12. The corpora quadrigemina. 


Between 3 and 4 is the cuneate lobe. 13. The crus cerebri, 
5. The corpus callosum. 14. The valve of Vieussens (to the right of the 
6. The septum lucidum. number). 
9. The fornix. | ys, The pons Varolii. 


H 
nr 


8. Anterior crus of the fornix, descending to the base cf . The third nerve. 
the brain, and turning on itself to form the corpus | 17. The pituitary body. 


albicans. The.bundle of Vicq d’Azyr is indicated by | 18. The optic nerve. 
a dotted line. 19 points to the anterior commissure, indicated by the 


9. The optic thalamus. Behind the anterior crus of the oval outline behind the number. 


The posterior extremity is termed the spleniwm, and constitutes the thickest 
part of the corpus callosum. It overlaps the velum interpositum and the mid- 
brain, and terminates in a thick, convex, free border. When a mesial section 
of the splenium is examined, it is seen that the osterior end of the corpus 
callosum is acutely bent forwards, the upper and lower parts being applied. 
to each other. 

The upper surface is convex from before backwards, and is nearly an inch in 
width. Its mesial part forms the bottom of the great longitudinal fissure, and is 
in contact posteriorly with the lower border of the falx cerebri. Laterally it is 
overlapped by the callosal convolution, but is separated from it by the slit-like 
callosal fissure. It is traversed by numerous ridges and fwrows, and is 
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covered by a thin layer of grey matter continuous on either side with the grey 
matter of the callosal convolution, and better marked in animals which possess 
a keen sense of smell. On either side of the middle line is a slightly elevated 
band, named the mesial longitudinal stria; and still more externally, under the 
eallosal convolution, is a second band, termed the lateral longitudinal stria or 
tenia tecta. Traced backwards, the longitudinal striæ are found to be con- 
tinuous with the fasciola cinerea and the dentate convolution (page 818). 
Traced forwards, they pass round the genu and extend backwards on the under 
surface of the rostrum, where they form the pedwncles of the corpus callosum 
or gyrus subcallosus. The peduncle of the corpus callosum passes backwards 
across the anterior perforated space, and ends in the apex of the temporal 
lobe: further, it is connected with the anterior pillar of the fornix, and with 
the olfactory tract. 

The lower surface is concave, and forms on either side of the middle 
line the roof of the lateral ventricle. Mesially, this surface is attached in 


Fie. 580.—The lateral ventricles of the brain. 
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two parts on each side is the main body of the fibres: these constitute the 
tapetum or mat, and extend laterally into the temporal lobe, and cover in the 
body of the lateral ventricle. 


_An incision should now be made through the corpus callosum, on either side of the 
middle line, when two large irregular cavities will be exposed, which extend through a 
great part of the length of each hemisphere. These are the lateral ventricles. 


The lateral ventricles (figs. 580 and 581).—The lateral ventricles, two in 
number, right and left, are irregular cavities situated in the lower and inner 
parts of the cerebral hemisphere, one on either side of the middle line. They 
are separated from each other by a mesial vertical partition, the septum lucidum, 
but communicate with the third ventricle and indirectly with each other through 
the foramen of Monro. They are lined by a thin, diaphanous membrane, the 
ependyma, which is covered by ciliated epithelium, and are moistened by cerebro- 
spinal fluid, which, even in health, may be secreted in considerable amount. 
Each lateral ventricle consists of a central cavity or body, and three prolonga- 
tions from it, termed cornua. The 
anterior cornu curves forwards Fie. 581.—Drawing of a cast of the ventricular 
and outwards into the frontal lobe ; cavities viewed from above. (Testut.) 
the posterior backwards and in- 
wards into the occipital lobe ; 
and the middle descends into the 
temporal lobe. 

The body of the lateral ven- 
tricle extends from the foramen of 
Monro to the splenium of the 
corpus callosum. It is an irre- 
gularly curved cavity, triangular 
in shape on transverse section, 
and presents a roof, a floor, and 
an inner wall. Its roof is formed 
by the under surface of the corpus 
callosum ; its floor is formed by 
the following parts, enumerate 
in their order of position, from 
before backwards: the caudate 
nucleus of the corpus striatum, 
tenia semicircularis and vein of 
the corpus striatum, the outer por- 
tion of the upper surface of the 
optic thalamus, the choroid plexus, 
and the lateral part of the fornia ; 
its inner wall is the posterior part 
of the septum —— which 
separates it from the opposite m l 
ventricle, and connects the under Me E nus matt ai 
See a Ghee — ag 

The anistia cornu passes for- 6. vane” 7. Scien of mA and AE kois. ' 
wards and outwards, with a slight 
inclination downwards, from the foramen of Monro into the frontal lobe, curving 
round the anterior extremity of the caudate nucleus. It is bounded above by 
the corpus callosum, and below by the upper surface of its reflected portion, 
the rostrum. It is bounded internally by the anterior portion of the septum 
lucidum, and externally by the head of the caudate nucleus of the corpus 
striatum. Its apex reaches the posterior surface of the genu of the corpus 
callosum. i 

The posterior cornu passes into the occipital lobe, its direction being back- 
wards and outwards, and then inwards; its concavity is therefore directed 
inwards. Its roof is formed by the fibres of the corpus callosum passing to the 
temporal and occipital lobes. On its inner wall is seen a longitudinal eminence, 
which is an involution of the ventricular wall produced by the calcarine sulcus ; 
this is called the hippocampus minor, or calcar avis. Just above this the 
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forceps major of the corpus callosum, sweeping round to enter the occipital 
TAE e3 another B oe which is known as the bulb of the posterior 
horn. The hippocampus minor and bulb of the posterior horn are extremely 
variable in their degree of development, being in some cases ill defined, while in 
others they are unusually prominent. 

The middle or descending cornu, the largest of the three, traverses the 
temporal lobe of the brain, forming in its course a remarkable curve round the 
back of the optic thalamus. It passes at first backwards, outwards, and down- 
wards, and then curves forwards and inwards, to within an inch of the apex of 
the temporal lobe, its direction being fairly well indicated on the surface of the 
brain by that of the parallel sulcus. Its upper boundary, or roof, is formed 
chiefly by the under surface of the tapetum of the corpus callosum, but the tail 
of the nucleus caudatus of the corpus striatum and the tænia semicircularis are 
also prolonged into it, and extend forwards in the roof of the descending horn 
to its extremity, where they end ina mass of grey matter, the amygdaloid nucleus. 
Its lower boundary, or floor, presents for examination the following parts: the 


Fic. 582.—Transverse vertical section of the brain, through the fore part of the foramen 
magnum, looked at from the front. (After Hirschfeld and Leveillé.) 
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hippocampus major, the fimbria or tenia hippocampi, the eminentia collateralis, 
and the choroid plexus. When the choroid plexus is removed, a cleft-like 
opening is formed along the mesial wall of the descending cornu. This cleft 
constitutes the lower part of the chorvidal fissure, and through it the ventricular 
cavity opens on to the surface of the hemisphere. 

The hippocampus major, or cornu Ammonis, is a curved eminence, about two 
inches long, which extends throughout the entire length of the floor of the 
descending horn. Its lower extremity is enlarged, and presents two or three 
rounded elevations with intervening depressions, which give it a paw-like 
appearance, and hence it is named the pes hippocampi. If a transverse section 
be made through the hippocampus major, it will be seen that this eminence is 
produced by the folding of the wall of the hemisphere to form the dentate or 
hippocampal fissure. The main mass of the hippocampus major consists of 
grey matter ; but on its ventricular surface is a thin layer of white matter, known 
as the alveus, which is continuous with the fimbria of the fornix and is covered 
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by the ependyma of the ventricle. Macarthy of Montreal has shown* that if 
the alveus and superficial strata of grey matter be reflected from the surface 
of the hippocampus by an incision carried along its convexity, the ‘core ’ of the 
hippocampus, as he terms it, presents, in many cases, a corrugated or crimped 
appearance. 

The eminentia collateralis is an elongated eminence lying to the outer side 
und parallel with the hippocampus major. It corresponds with the middle part 
of the collateral fissure, and its size depends on the depth and direction of that 
furrow. It is continuous behind with a flattened triangular area which is 
situated between the posterior and descending cornua, and named the trigonum 
ventriculi. 

The fimbria is a continuation of the posterior pillar of the fornix, and will 
be discussed with that body; while a description of the choroid plexus will be 
found on page 830. 

‘The grey nuclei, or basal ganglia of the hemisphere, consist of the corpus 
striatum, the claustrum, and the amygdaloid nucleus. 

The corpus striatum has received its name from the striped appearance 
which its section presents, in consequence of diverging white fibres being mixed 


Fie. 583.—Transverse section of the middle horn of the lateral ventricle. 
(From a drawing by F. A. Barton.) 
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with the grey matter which forms the greater part of its substance. A part of 
this body is embedded in the white substance of the hemisphere, and is therefore 
external to the ventricle. It is termed the extra-ventrictilar portion, or the 
nucleus lenticularis; a part, however, is visible in the ventricle, and is named 
the intraventricular portion, or the nucleus caudatus. 

The nucleus caudatus (fig. 584) is a pear-shaped, highly arched mass of grey 
matter; its broad extremity, or head, is directed forwards into the fore part of 
the body and anterior cornu of the lateral ventricle, and is continuous with the 
grey matter of the anterior perforated space and with the anterior end of the 
lenticular nucleus; its narrow end, or tatl, is directed outwards and backwards 
on the outer side of the optic thalamus, from which it is separated by the teenia 
semicircularis. It is then continued downwards into the roof of the descending 
cornu, where it terminates in the nucleus amygdala, at the apex of the temporal 
lobe. It is covered by the lining of the ventricle, and crossed by some veins 
of considerable size. Jt is separated from the extra-ventricular portion, in 


x Journal of Anatomy and Physiology, vol. xxxiii. 
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the greater part of its extent, by a lamina of white matter, which is called 
the internal capsule, but the two portions of the corpus striatum are united in 
front. 

The nucleus lenticularis, or -extra-ventricular portion of the corpus striatum, 
is placed outside the caudate nucleus and optic thalamus, and is only seen in 
sections of the hemisphere. When divided horizontally, it presents, to some 
extent, the appearance of a biconvex lens, while a vertical transverse section 
of its central part presents a somewhat triangular outline. It does not extend 
as far forwards or backwards as the nucleus caudatus. It is bounded externally 
by a lamina of white matter called the external capsule, on the outer surface 
of which is a thin layer of grey matter termed the claustrum. Its anterior 
extremity is continuous with the lower part of the head of the caudate nucleus 
and with the grey matter of the anterior perforated space. 


Fic. 584.—Middle part of a horizontal section through the cerebrum at the level of the 
dotted line in the small figure of one hemisphere. (From Ellis, after Dalton.) 
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Upon making a transverse vertical section through the mi 
| makin e middle of th l 
lenticularis it is seen to oe two white ies ett, the evade, heel, 
parallel with its lateral bor er, which divide it up into three zones. The outer 
ae largest zone 18 of a reddish colour and is known as the putamen, while 
: He = inper aze paler and of a yellowish tint and together constitute the 
Ss. ree zones are marked by fi lati i 
wha are most distinct in the putamen. ——— 
e grey matter of the corpus striatum is traversed by nery 
e » * s , a e-fibres j 
of wich are believed to originate in it. The cells are mule both Ren 
ae mal; those of the lenticular nucleus contain yellow pigment. The caudate 
D enticular nuclei are not only directly continuous with each other anteriorly 
ut are connected to each other by numerous fibres. The corpus striatum is 
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also connected: (1) to the cerebral cortex, by what are termed the cortico-striate 
fibres; (2) to the optic thalamus, by fibres which pass through the internal 
capsule, and by a strand named the ansa lenticularis; (3) to the crus cerebri, 
by fibres which leave the lower aspect of the caudate and lenticular nuclei. 

The claustrum is a thin layer of grey matter, situated on the outer surface 
of the external capsule. On transverse section it is seen to be triangular, with 
its apex directed upwards and its base downwards. Its inner surface, which is 
contiguous to the external capsule, is smooth, but its outer surface presents 
ridges and furrows which correspond with the convolutions and sulci of the 
island of Reil, with which it is in close relationship. The claustrum is regarded 
as a detached portion of the grey matter of the island of Reil, from which it is 
separated by a oy of white fibres, the capsula extrema or band of Baillarger 
Its cells are small and spindle-shaped, and contain yellow pigment; they are 
similar to those found in the deepest layer of the cortex. 

The amygdaloid nucleus is an ovoid mass of grey matter, situated in the roof 
of the descending horn at its lower extremity. Itis merely a localised thickening 
of the grey cortex, and is continuous with that of the uncus; the tenia semi- 
circularis and the tail of the caudate nucleus end in it. 

The internal capsule is a flattened band of white fibres, which lies between 
the lenticular nucleus on the outer side and the caudate nucleus and optic 
thalamus on the inner side. In hori- 
zontal section (figs. 584, 585) it 18 Fre. 585.—Horizontal section of the internal 


seen to be somewhat abruptly curved, capsule. (Schematic.) (Testut.) Below 
with its convexity inwards ; the the horizontal section, there is shown a 
prominence of the curve is called transverse section of the corresponding 


crus cerebri. 


the genu, and projects between the 
caudate nucleus and the optic thala- 
mus. The portion in front of the 
genu is termed the anterior limb, 
and separates the lenticular from 
the caudate nucleus; the portion 
behind the genu is the posterior limb, 
and separates the lenticular nucleus 
from the optic thalamus. 

The anterior limb of the internal 
capsule contains : (1) fibres which pass 
from the optic thalamus to the frontal 
lobe (cortico-thalamic) ; (2) fibres con- 5.. 
necting the lenticular and caudate 4 
nuclei (lenticulo-caudate) ; (3) fibres 
connecting the cortex with the corpus 
striatum (cortico-striate); and (4) 
fibres passing from the frontal lobe 
to the nuclei pontis (cortico-protu- 
berantial). The fibres which occupy 
the region of the genu are named the 
geniculate fibres. They originate in 
the motor part of the cerebral cortex, 
and, after passing downwards in the 
inner fifth of the crusta, undergo 
decussation and end in the motor 
nuclei of the cranial nerves of the 
oppositeside. The anterior two-thirds 
of the posterior limb contains the r. Optic thalamus. 2, 2’. Caudate nucleus. 3. Lenticular 
pyramidal fibres, which arise in the nucleus, 4. Claustrum. » £ Island of Reil. 6. rer 


: ° ventricle. 7. Anterior 8 of optic thalamus. 
motor area of the cortex and, passing terior stalk of optic thalamus, or optic radiations. 


downwards through the middle three- = Anterior segment of, atonal, SAPRE ral). a, Pos. 
fifths of the crusta, are continued into Lae a i ‘ree. e. Fillet. ; — 
the pyramids of the medulla. The l 

posterior third of the posterior limb contains : (1) sensory fibres, which are 
largely derived from the optic thalamus, but some of which may be continued 
upwards from the mesial fillet; (2) the fibres of optic radiation, which pass 


from the lower visual centres to the cortex of the occipital lobe ; (3) auditory 
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fibres, from the lateral fillet to the temporal lobe ; and (4) cortico-protuberantial 
fibres, which pass from the occipital and temporal lobes to the nuclei pontis. 

The fibres of the internal capsule radiate widely as they pass to the various 
parts of the cerebral cortex, forming the corona radiata and intermingling with 
the fibres of the corpus callosum. 

The external capsule is a lamina of white matter, situated on the outer side 
of the lenticular nucleus, between it and the claustrum, and is continuous with 
the internal capsule below and behind the lenticular nucleus. It probably 
contains fibres derived from the optic thalamus, the anterior white commissure, 
and the subthalamic region. l 

The substantia innominata of Meynert is a stratum consisting partly of grey 
and partly of white matter, which lies below the anterior part of the optie 
thalamus and lenticular nucleus. It consists of three layers, superior, middle, 
and inferior. The superior layer is named the ansa lenticularis, and its fibres, 
derived from the medullary lamina of the lenticular nucleus, pass inwards to 
end in the optic thalamus and subthalamic region, while others are said to 
terminate in the tegmentum and red nucleus. The middle layer consists of 
nerve-cells and nerve-fibres: fibres enter it from the parietal lobe through the 
external capsule, while others are said to connect it with the posterior longitudinal 
fasciculus. The lower layer forms the main part of the inferior stalk of the 
optic thalamus, and connects this body with the temporal lobe and the island 
of Reil. 

The tenia semicircularis is a narrow, whitish band of medullary substance, 
situated in the depression between the caudate nucleus and the optic thalamus. 
Anteriorly, its fibres are partly continued into the anterior pillar of the fornix ; 
some, however, pass over the anterior commissure to the grey matter between 
the caudate nucleus and septum lucidum, while others are said to penetrate the 
caudate nucleus. Posteriorly, it is continued into the roof of the middle or 
descending horn of the lateral ventricle, at the extremity of which it enters the 
nucleus amygdale, Superficial to it isa large vein, vena corporis striati, which 
receives numerous small veins from the surface of the corpus striatum and optic 
thalamus ; it runs forwards to the foramen of Monro and joins with the vein 
which drains the choroid plexus, to form the corresponding vena Galeni. On 
the surface of the vein of the corpus striatum is a narrow band of white fibres, 
named the lamina cornea. 


; The remains of the corpus callosum should now be removed in order to expose the 
ornix, 


The fornix (figs. 579, 580) is a longitudinal, arch-shaped lamella of white 
matter, situated beneath the corpus callosum, with which it is continuous behind, 
but from which it is separated in front by the septum lucidum. It may be 
described as consisting of two symmetrical halves, one for either hemisphere. 
The two portions are not united to each other in front and behind, but their 
central parts are joined together in the middle line. The two anterior, separated 
parts are called the anterior pillars (columne fornicis); -the intermediate united 
portions constitute the body of the fornix; and the posterior parts, which are 
also separated from each other, are called the posterior pillars (crura fornicis). 

The body of the fornix is triangular, narrow in front and broad behind. The 
mesial part of its upper surface is connected to the septum lucidum in front and 
to the corpus callosum behind. The lateral portion of this surface forms part of 
the floor of the lateral ventricle, and is covered by the ventricular epithelium. 
The under surface rests upon the velum interpositum, which separates it from 
the epithelial roof of the third ventricle, and from the inner portions of the upper 
surfaces of the optic thalami. Its outer edge overlaps the choroid plexuses, and 
18 continuous with the epithelial covering of these structures. 

The anterior pillars arch downwards in front of the foramen of Monro and 
behind the anterior commissure. They become separated by a narrow interval, 
and each descends through the grey matter in the lateral wall of the third 
ventricle to the base of the brain, where it terminates in the corpus albicans. 
From the grey matter of the corpus albicans a fasciculus of fibres, termed the 
bundle of Vicq d’ Azyr, takes origin and ig prolonged into the anterior nucleus of 
the optic thalamus. The anterior pillar of the fornix and the bundle of Vicg 
d’Azyr together form a loop resembling the figure of 8, but the continuity of the 
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loop is broken in the corpus albicans. The anterior pillar of the fornix is joined 
by the peduncle of the pineal body and by the superficial fibres of the tenia 
semicircularis, and is also said to receive fibres from the septum lucidum. 
Zuckerkandl describes an olfactory fasciculus which becomes detached from the 
main portion of the anterior pillar of the fornix, and passes downwards in front 
of the anterior commissure to the base of the brain, where it divides into two 
bundles, one joining the inner root of the olfactory tract; the other, the peduncle 
of the corpus callosum, and, through the latter, reaching the hippocampal 
convolution. 

The posterior pillars are prolonged backwards from the body of the fornix. 
They are flattened bands, and at their commencement are intimately connected 
by their upper surfaces with the under aspect of the corpus callosum. Diver- 
ging from one another, each curves round the posterior extremity of the optic 
thalamus, and passes downwards and forwards into the descending horn of the 
lateral ventricle. Here it lies along the concavity of the hippocampus major, 
on the surface of which some of its fibres are spread out to form the alveus, 
while the remainder are continued as a narrow white band, the fimbria or tenia 
hippocampt, which is prolonged into the uncus or hook of the gyrus hippocampi. 
Its inner edge overlaps the dentate convolution (page 818), from which it is 
separated by the fimbrw-dentate fissure; from its outer margin, which is thin and 
ragged, the ventricular epithelium is reflected over the choroid plexus as the 
latter projects into the choroidal fissure. 

The posterior pillars of the fornix are connected to each other across the 
middle line by a thin lamina which contains transverse fibres, and has been 
named the psalterium, or lyra, from its fancied resemblance to a harp. In the 
new-born child a space exists between the fornix and the corpus callosum, which 
usually becomes obliterated shortly after birth. It is compressed from above 
downwards, and presents a triangular shape; its apex is directed forwards, and 
is said to be continuous with the cavity of the fifth ventricle. This space is 
named the ventricle of the fornix, or, after its discoverer, the ventricle of Verga. 

Foramen of Monro.—Between the anterior pillars of the fornix and the 
anterior extremities of the optic thalami, an oval aperture is seen on each side: 
this is the foramen of Monro. The two openings descend towards the middle 
line and lead into the upper part of the third ventricle. Through this foramen 
the lateral ventricles communicate with the third ventricle, and consequently 
with each other. Behind its epithelial lining, the two choroid plexuses are joined 
to each other across the middle line. 

The anterior commissure is a bundle of white fibres, which connects the two 
cerebral hemispheres across the middle line, and is placed in front of the anterior 
pillars of the fornix. On transverse section it is seen to be oval in shape, its 
long diameter being vertical in direction and measuring about one-fifth of an 
inch. Its fibres can be traced outwards and backwards on each side beneath the 
corpus striatum into the substance of the temporal lobe. It serves in this wa 
to connect the two temporal lobes, but it also contains fibres from the olfactory 
tract of the opposite side, the decussation of which in the anterior commissure 
may serve to explain the condition of crossed anosmia, e.g. where there is a lesion 
in one temporal lobe with a loss of smell in the olfactory area of the opposite 
side of the nose. 

The septum lucidum is a thin, double, vertically placed partition, which forms 
the internal boundary of the body and anterior horn of the lateral ventricle. It 
consists of two distinct lamin, separated in part of their extent by a narrow 
chink or interval, called the fifth ventricle. It is a thin, semitransparent septum, 
attached, above, to the under surface of the corpus callosum; below, to the 
anterior part of the fornix behind, and the reflected portion of the corpus callosum 
in front. It is triangular in form, broad in front and narrow behind; its inferior 
angle corresponds with the upper part of the anterior commissure. The outer 
surface of each lamina is directed towards the lateral ventricle, and is covered by 
the ependyma of that cavity, while its mesial surface bounds the cavity of the 
fifth ventricle. 

Fifth ventricle—The fifth ventricle is generally regarded as a part of the 
great longitudinal fissure, which has become shut off by the union of the hemi- 
spheres in the formation of the corpus callosum above and the fornix below. 
Each half of the septum is therefore formed by the median wall of the 
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isphere, and consists of an internal layer of grey matter, derived from the gre 
ey of the cortex, and an externa! layer of white substance continuous wit 
the white matter of the cerebral hemispheres. The fifth ventricle differs from 
the other ventricles of the brain, inasmuch as it is not developed from the cavity 
of the cerebral vesicles, is not lined by ciliated epithelium but by altered pia 
mater, and does not communicate with the general ventricular cavity ; further, 
the fluid it contains is of the nature of lymph. l l 

The choroid plexus of the lateral ventricle is a highly vascular fringe-like 
process of pia mater, which appears as if it were contained within the ventrieular 
cavity. The plexus, however, is not actually within the cavity, as it is every- 
where covered by a layer of epithelium continuous with the epithelial lining of 


Fia. 586.—The fornix, velum interpositum, and middle or descending cornu 
of the lateral ventricle. 
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the ventricle, which therefore shuts it out of the ventricular cavity. It extends 
from the foramen of Monro, where it is joined with the plexus of the opposite 
ventricle, to the extremity of the descending horn. The part in relation to the 
body of the ventricle forms the vascular fringed margin of a triangular process 
of pia mater, named the velum interpositum, and projects from under cover of 
the outer edge of the fornix. It lies upon the upper surface of the optic thalamus, 
from which the epithelium is reflected over the plexus on to the edge of the 
fornix. The portion in relation to the descending horn lies in the concavity of 
the hippocampus major and overlaps the fimbria: from the outer edge of the 
latter the epithelium is reflected over the plexus on to the roof of the cornu. It 
consists of minute and highly vascular villous processes, each with an afferent 
and an efferent vessel. The cells of the epithelium which covers it often contain 
yellowish fat molecules. The arteries of the plexus are: (a) the anterior choroidal, 
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a branch of the internal carotid, which enters the plexus at the extremity of the 
descending horn ; and (b) the posterior choroidal, one or two small branches of 
the posterior cerebral, which pass forwards under the splenium. The vems of 
the choroid plexus unite to form a prominent vein, which courses from behind 
forwards to the foramen of Monro and joins with the vein of the corpus striatum 
to form the corresponding vein of Galen. 

When the choroid plexus is pulled away, the continuity of the epithelium 
which covers it, with that which lines the ventricle, is severed, and a cleft-like 
space is produced. This is named the choroidal fissure; like the plexus, it 
extends from the foramen of Monro to the extremity of the descending horn. 
The upper part of this fissure, i.e. the part nearest the foramen of Monro, is 
situated between the lateral edge of the fornix and the upper surface of the 
optic thalamus ; further back, at the beginning of the descending horn, it is 
between the commencement of the fimbria and the posterior end of the optic 
thalamus, while in the descending horn it lies between the fimbria in the floor 
and the tenia semicircularis in the roof of the cornu: through this part of the 
fissure the descending horn opens on to the tentorial surface of the hemisphere. 

The velum interpositum, or tela choroidea superior (fig. 586), is a double fold 
of pia mater, triangular in shape, which lies beneath the fornix. The lateral 
portions of its lower surface rest upon the optic thalami, while its mesial portion 
is in contact with the epithelial roof of the third ventricle. Its apex is situated 
at the foramen of Monro; its base corresponds with the splenium of the corpus 
callosum, and occupies the interval between that structure above and the corpora 
quadrigemina and pineal body below. This interval, together with the lower 
portions of the choroidal fissures, is sometimes spoken of as the great transverse 
fissure of the brain. At its base the two layers of the velum separate from each 
other, and are continuous with the pia mater investing the brain in this region. 
Each of its lateral margins is modified to form the highly vascular fringed 
structure which constitutes the portion of the choroid plexus seen in the body 
of the lateral ventricle, and which is continued round the posterior end of the 
optic thalamus into the descending horn. The two plexuses are connected with 
each other at the foramen of Monro, and are prolonged backwards on the under 
surface of the velum as the choroid plexuses of the third ventricle, which invaginate 
the epithelial roof of this cavity. It is supplied by the anterior and posterior 
choroidal arteries, already described. The veins of the velum interpositum are 
named the veng Galeni; they are two in number, and run backwards. between 
its layers, each being formed at the foramen of Monro by the union of the vein 
of the corpus striatum with the choroid vein. The venw Galeni unite posteriorly 
into a single trunk, the vena magna Galeni, which passes out beneath the 
splenium and terminates in the straight sinus (fig. 518). 


STRUCTURE OF THE CEREBRAL HEMISPHERES 


The cerebral hemispheres, like the other parts of the great nerve-centre, are 
composed of grey and white matter: the former covers their surfaces, and is 
termed the cortex; the latter occupies the interior of the hemispheres, and is 

named the medullary centre. 

The white matter of the cerebral hemispheres consists of medullated fibres, 
varying in size and arranged in bundles, separated by neuroglia. They may he 
divided into three distinct systems, according to the course they take. 1. Pro- 
jection fibres, which connect the hemisphere with the lower parts of the brain 
and with the spinal cord. 2. Transverse or commissural fibres, which unite 
together the two hemispheres. 3. Association fibres, which connect different 
structures in the same hemisphere. These are, in many instances, collateral 
branches of the projection fibres, but others are the axons of independent cells. 

1. The projection fibres consist of efferent and afferent fibres, which connect 
the cortex to the lower parts of the brain and to the cord. The principal efferent 
strands are: (1) the motor tract, which occupies the genu and anterior two- 
thirds of the posterior limb of the internal capsule, and which consists of 
(a) the geniculate fibres, which decussate and end in the cranial motor nuclei of 
the opposite side ; and (b) the pyramidal fibres, which are prolonged through 
the pyramid of the medulla into the spinal cord: (2) the cortico-protuberantial 
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fibres, which end in the nuclei pontis. The chief afferent fibres are: ts those 
fibres of the fillet which are not interrupted in the optic thalamus; (2) those 
fibres of the superior cerebellar peduncles which are not interrupted in the red 
nucleus and optic thalamus ; (3) the numerous fibres which arise within the 
optic thalamus, and pass through its stalks to the different parts of the cortex 
(page 807); (4) the optic and acoustic fibres, the former passing to the occipital, 
the latter to the temporal lobe. 

2. The transverse or commissural fibres connect the two hemispheres. They 
include: (a) the transverse fibres of the corpus callosum ; (b) the anterior com- 
missure ; (c) the posterior commissure ; (d) the lyra, and have already been 
described. 

3. Association fibres.—These connect different parts of the same hemisphere, 
and are of two kinds: (1) those which unite adjacent convolutions, short asso- 
ciation fibres; (2) those which pass between more distant: parts, long association 

bres. 
i The short association fibres are situated immediately beneath the grey 
po a of the cortex of the hemispheres, and connect together adjacent 
convolutions. 

The long association fibres include the following : (a) the uncinate fasciculus ; 
(b) the cingulum; (c) the superior longitudinal fasciculus; (d) the inferior 
longitudinal fasciculus; (e) the perpendicular fasciculus ; (f) the occipito-frontal 
fasciculus; and (g) the fornix. 

(a) The uncinate fasciculus passes across the bottom of the Sylvian fissure, 
= ip the convolutions of the frontal lobe with the anterior end of the 

mporal lobe. 

b) The cingulum is a band of white matter which is contained within the 
callosal convolution of the limbic lobe. Commencing in front at the anterior 
perforated space, it passes forwards and upwards parallel with the rostrum, 
winds round the genu, runs in the convolution from before backwards, 
immediately above the corpus callosum, turns round its posterior extremity, and 
za = the hippocampus major, through which it courses to its anterior 
extremity. 

(c) The superior longitudinal fasciculus consists of fibres which pass back- 
wards from the frontal lobe above the lenticular nucleus and island of Reil; 
some of these terminate in the occipital lobe, while others pass downwards and 
forwards into the temporal lobe. 

(d) The inferior longitudinal fasciculus is a collection of fibres which connects 
the temporal and occipital lobes, running along the outer wall of the descending 
and posterior cornua of the lateral ventricle. 

(e) The perpendicular fasciculus runs vertically through the front part of the 
ee and connects the inferior parietal lobule with the fourth temporal 

(f) The occipito-frontal fasciculus passes backwards from the frontal lobe 
along the outer border of the caudate nucleus, and on the mesial aspect of the 
corona radiata, and its fibres radiate in a fan-like manner and pass into the 
occipital and temporal lobes on the outer aspect of the posterior and descending 
cornua, Déjérine regards the fibres of the tapetum as Moing derived from this 
fasciculus, and not from the corpus callosum. 

(g) The fornix connects the hippocampal convolution with the corpus 
albicans, and, by means of the bundle of Vicq d’Azyr, with the optic thalamus 
(see page 828). Through the fibres of the lyra it probably also unites the 
opposite hippocampal convolutions. 

The grey matter of the hemisphere is divided into: (1) That of the cerebral 
— (2) That of the basal ganglia, viz. the nucleus caudatus and the nucleus 
prnl of the corpus striatum ; the claustrum and the amygdaloid nucleus. 

-hey are, with the exception of the amygdaloid nucleus, situated to the inner 
ae of the island of Reil, and form with this convolution the oldest part of the 
hemisphere, for they are the first parts of the encephalon to be differentiated 
in the development of the individual. They are simply semi-detached local 
thickenings of the grey cortex, and have alread ea deaig ( 8 $ 
The optic thalamus is not reckoned as a ee anglion of the "x Boi 
hemisphere, since it forms part of th eS . 

part of the thalamencephalon. 
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STRUCTURE OF THE CEREBRAL CoRTEX 


The cerebral cortex differs in its thickness and in its minute structure in 
different parts of the hemisphere. For instance, it is thinner in the occipital 
region than in the pre- and post-central gyri, and it is also much thinner at the 
bottom of the sulci than on the top of the convolutions. Again, the minute 
structure of the precentral differs from that of the post-central gyrus, and areas 
passgssing a specialised type of cortex can be mapped out in the occipital 
obe. 

On examining a section through the cortex with a lens, it is seen to consist of 
alternating white and grey layers thus disposed from the surface inwards : (1) a 
thin layer of white substance; (2) a layer of grey substance ; (3) a second layer 
of white substance (outer band of Baillarger or band of Gennari); (4) a second 
grey layer ; (5) a third white layer (inner band of Baillarger); (6) a third grey 
layer, which rests on the medullary substance of the convolution. 

The cortex is made up of nerve-cells which vary in size and shape, and of 
nerve-fibres, which are either medullated or naked axis-cylinders, embedded in a 
matrix of neuroglia. 

hick api to Cajal, whose description is now generally accepted, 
the nerve-cells are arranged in four layers, named from the surface inwards as 
follows: (1) the molecular layer, (2) the layer of small pyramidal cells, (3) the 
layer of large pyramidal cells, (4) the layer of polymorphous cells. 

The molecular layer.—In this layer the cells are polygonal, triangular, or 
fusiform in shape. Each polygonal cell gives off some four or five dendrites, 
while its axon may arise directly from the cell or from one of its dendrites. 
The axons and dendrites of these cells ramify in the molecular layer. Hach 
triangular cell gives off two or three dendrites, from one of which the axon arises, 
the dendrites and the axon ramifying in the molecular layer. The fusiform cells 
are placed with their long axes parallel to the surface and are mostly bipolar, 
each pole being prolonged into a dendrite, which runs horizontally for some dis- 
tance and furnishes ascending branches. Their axons, two or three in number, 
arise from the dendrites, and, like them, take a horizontal course, giving off 
numerous ascending collaterals. The distribution of the axons and dendrites of 
all three sets of cells is limited to the molecular layer. 

The layer of small and the layer of large pyramidal cells.—The cells in these 
two layers may be studied together, since, with the exception of the difference 
in size and the more superficial position of the smaller cells, they resemble each 
other. The average length of the small cells is from 10 to 15 pu; that of the 
large cells from 20 to 30 u. The body of each cell is pyramidal in shape, its 
base being directed to the deeper parts and its apex towards the surface. It 
contains granular pigment, and stains deeply with ordinary reagents. The 
nucleus is nucleolated, of large size, and round or oval in shape. The base 
of the cell gives off the axis-cylinder, and this passes into the central white 
substance, giving off collaterals in its course, and is distributed as a projection, 
commissural, or association fibre. Both the apical and basal parts of the cell 
give off dendrites. The apical dendrite is directed towards the surface, and ends 
in the molecular layer by dividing into numerous branches, all of which may 
be seen, when prepared by the silver or methylene-blue method, to be studded 
with projecting bristle-like processes. The largest pyramidal cells are found 
in the upper part of the precentral gyrus and in the paracentral lobule. These, 
which are often arranged in groups or nests of from three to five, are named 
the giant-cells of Betz. In the former situation akni may exceed 50 p in length 
and 40 » in breadth, while in the paracentral lobule they may attain a length 
of 65 p. 

os of polymorphous cells,—The cells in this layer, as their name implies, 
are very irregular in contour; they may be fusiform, oval, triangular, or star- 
shaped. Their dendrites are directed outwards, towards, but do not reach, the 
molecular layer ; their axons pass into the subjacent white matter. 

There are two other kinds of cells in the cerebral cortex, but their axons 
pass in a direction opposite to that of the pyramidal and polymorphous cells, 
among which they lie. They are: (a) the cells of Golgi, the axons of which 
do not become medullated, but divide immediately after their origin a a 
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large number of branches, which are directed tow ards the surface of the cortex ; 
(b) the cells of Martinotti, which are chiefly found in the polymorphous layer. 
Their dendrites are short, and may have an ascending or descending course, 
while their axons pass out into the molecular layer and form an extensive 


horizontal arborisation. 
e part of the intervals between the cells, 


Nerve-fibres. e 
and may be medullated or non-medullated—the latter comprising the axons of 








Fie. 587.—-Cerebral cortex. (Poirier.) To the left, the groups of cells; to the right, the 
systems of fibres. Quite to the left of the nth & sensory nerve-fibre is shown. 
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ne Seen pyramidal cells and the cells of Golgi. In their direction the 
ai may be either transverse (tangential or horizontal) or vertical (radial). 
a e tangential set run parallel to 
laa fibres at a right angle. They consist of several strata, of which the 

f g are the most important: (1) a stratum of white fibres covering the 
Superficial aspect of the molecular layer (plexus of Exner); (2) the band of 


the surface of the hemisphere, intersecting 
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Bechterew, which is situated in the outer part of the layer of small pyramidal 
cells; (3) the external band of Baillarger (band of Gennari or band of Vi 
d’Azyr), which runs through the layer of large pyramidal cells ; (4) the a 
band of Baillarger, which intervenes between the layer of large pyramidal cells 
and the polymorphous layer; (5) the deep tangential fibres which lie in the 
lower part of the polymorphous layer. According to Cajal, the transverse fibres 
consist of (a) the collaterals of the pyramidal and polymorphous celis and of the 
cells of Martinotti; (b) the arborisations of the axons of Golgi’s cells; (c) the col- 
laterals and terminal arborisations of the projection, commissural, or association 
fibres. The vertical fibres —Bome of these, viz. the axons of the pyramidal and 
polymorphous cells, are directed towards the central white matter, while others, 
the terminations of the projection, commissural, or association fibres, pass 
outwards to end in the cortex. The axons of the cells of Martinotti are also 
ascending fibres. 


SPECIAL Types oF CEREBRAL CORTEX 


It has been already pointed out that the minute structure of the cortex 
differs in different regions of the hemisphere; and A. W. Campbell* has 
endeavoured to prove, as the result of an exhaustive examination of a series 
of human and anthropoid brains, ‘ that there exists a direct correlation between 
physiological function and histological structure.’ The principal regions where 
the ‘typical’ structure is departed from will now be referred to. 

1, In the calcarine fissure, and the convolutions bounding it, the inner band 
of Baillarger is absent, while the band of Gennari is of considerable thickness 
and forms a characteristic feature of this region of the cortex. If a section be 
examined microscopically, an additional layer is seen to be interpolated between 
the molecular layer and the layer of small pyramidal cells. This extra layer 
consists of two or three strata of fusiform cells, the long axes of which are at 
right angles to the surface. Each cell gives off two dendrites, external and 
internal, from the latter of which the axon arises and passes into the white 
central substance. In the layer of small pyramidal cells, fusiform cells, 
identical with the above, are seen, as well as ovoid or star-like cells with 
ascending axons (cells of Martinotti). This is the visual area of the cortex, and 
it has been shown by J. S. Bolton t that in old-standing cases of optic atrophy 
the thickness of Gennari’s band is reduced by nearly 50 per cent. 


A. W. Campbell says: ‘ Histologically, two distinct types of cortex can be made out in 
the occipital lobe. The first of these coats the walls and bounding convolutions of the 
calcarine fissure, and is distinguished by the well-known line of Gennari or Vieq d’Azyr ; 
the second area forms an investing zone a centimetre or more broad around the first, 
and is characterised by a remarkable wealth of fibres, as well as by curious pyriform 
cells of large size esl stocked with chromophilic elements—cells which seem to have 
escaped the observation of Ramén y Cajal, Bolton, and others who have worked at this 
region. As to the functions of these two regions there is abundant evidence, anatomical, 
embryological, and pathological, to show that the first or calcarine area is that to which 
visual sensations primarily pass, and we are gradually obtaining proof to the effect that 
the second investing area is constituted for the interpretation and further elaboration of 
these sensations. These areas therefore deserve the names visuo-sensory and visuo- 


psychic.’ 


2. The precentral gyrus is characterised by the presence of the giant-cells of 
Betz and by ‘a wealth of nerve-fibres immeasurably superior to that of any other 
part’ (Campbell), and in these respects differs from the post-central gyrus. 
These two gyri, together with the paracentral lobule, have long been regarded as 
containing the ‘motor areas’ of the hemisphere; but Sherrington and Grinbaum 
have shown ¢ that in the chimpanzee the motor area never extends on to the free 


* Proceedings of the Anatomical Society of Great Britain and Ireland, June 1903; 
and Proceedings of the Royal Society, vols. lxxii. and Ixxiv. A full account of 
Campbell’s valuable work on the minute anatomy of the cerebral cortex will shortly be 
published by the Cambridge University Press, under the title Histological Studtes on the 
Localisation of Cerebral Function. 

+ Phil. Trane. of Royal Society, Series B, vol. cxciii. p. 165. 

t Transactions of the Pathological Society of London, vol. liii. 
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face of the post-central convolution, but ‘occupies unbrokenly the whole length 
of the precentral convolution, and in most cases the greater part or the whole 
of its width. It extends into the depth of the Rolandic fissure, occupying the 
anterior wall, and in some places the floor, and in some extending even into the 
deeper part of the posterior wall of the fissure.’ . 

3. In the hippocampus major the molecular laa is very thick and contains 
a large number of Golgi cells. It has been divided into three strata: (a) S. con- 
volutum or S. granulosum, containing many tangential fibres ; (b) S. lacunosum, 
presenting numerous lymphatic or vascular spaces ; (c) 8. radiatum, exhibiting 
a rich plexus of fibrils. The two layers of pyramidal cells are condensed into 
one, and the cells are mostly of large size. The axons of the cells in the poly- 
morphous layer may run in an ascending, descending, or horizontal direction. 
Between the polymorphous layer and the ventricular ependyma is the white 
substance of the alveus. 

4. In the rudimentary dentate convolution the molecular layer contains some 
pyramidal cells, while the layer of pyramidal cells is almost entirely represented 
by small ovoid cells. l 

5. The olfactory bulb.—In many of the lower animals this contains a cavity 
which communicates through the hollow olfactory stalk with the lateral 
ventricle. In man the original cavity is filled up by neuroglia and its wall 
becomes thickened, but much more so on its ventral than on its dorsal aspect. 
Its dorsal part contains a small amount of grey and white matter, but it is 
scanty and ill defined. A section through the ventral part shows it to consist 
of the following layers from without inwards: (1) A layer of olfactory nerve- 
fibres, which are the non-medullated axons prolonged from the olfactory cells of 
the nose, and which reach the bulb by passing through the cribriform plate of 
the ethmoid bone. At first they cover the bulb, and then penetrate it to end by 
forming synapses with the dendrites of the mitral cells, presently to be described. 
(2) Glomerular layer—This contains numerous spheroidal reticulated enlarge- 
ments, termed glomeruli, which are produced by the branching and arborisation 
of the processes of the olfactory nerve-fibres with the descending dendrite of the 
mitral cells. (3) Molecular layer.—This is formed of a matrix of neuroglia, 
embedded in which are the mitral cells. These cells are pyramidal in shape, 
and the basal part of each gives off a thick dendrite, which descends into the 
glomerular layer, where it arborises as indicated above, and others which 
interlace with similar dendrites of neighbouring mitral cells. The axons 
pass through the next layer into the white matter of the bulb, from which, 
after becoming bent on themselves at a right angle, they are continued into 
the olfactory tract. (4) Nerve-fibre layer.—This lies next the central core of 
neuroglia, and its fibres consist of the axons or afferent processes of the mitral 
cells which are passing to the brain; some efferent fibres are, however, also 
present, and terminate in the molecular layer, but nothing fis known as to 
their exact origin. 

Weight of the Encephalon—The average weight of the brain, in the adult 
male, is 49$ 0z., or a little more than 3 lb. avoirdupois ; that of the female, 
44 0z.; the average difference between the two being from 5 to 6 oz. The pre- 
vailing weight of the brain, in the male, ranges between 46 oz. and 53 oz.; and, 
in the female, between 41 oz. and 47 oz. In the male, the maximum weight out 
of 278 cases was 65 oz. and the minimum weight 34 oz. The maximum weight 
of the adult female brain, out of 191 cases, was 56 oz., and the minimum weight 
31 oz. According to Luschka, the average weight of a man’s brain is 1,424 
grammes (about 45 oz.), of a woman’s 1,272 grammes (about 41 oz.); and 
according to Krause, 1,570 grammes (about 483 oz.) for the male, and 1,350 
grammes (about 43 oz.) for the female. It appears that the weight of the brain 
increases api up to the seventh year, more slowly to between sixteen and 
twenty, and still more slowly to between thirty and forty, when it reaches its 
maximum. As age advances and the mental faculties decline, the brain 
diminishes slowly in weight, to the extent of about an ounce for each subsequent 
decennial period. These results apply alike to both sexes. 

_ The size of the brain was formerly said to beara general relation to the 
intellectual capacity of the individual. Cuvier’s brain weighed rather more than 
64 OZ., that of the late Dr. Abercrombie 63 oz., and that of Dupuytren 624 oz. 
On tho other hand, the brain of an idiot seldom weighs more than 2 302. But 
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these facts are by no means conclusive, and it is well known that these weights 
have been equalled by the brains of persons who never displayed any remarkable 
intellect. Haldennan, of Cincinnati, has recorded the case of a mulatto, 
aged 45, whose brain weighed 688 oz.; he had been a slave, and was never 
regarded as particularly intelligent ; he was illiterate, but is said to have been 
reserved, meditative, and economical. Ensor, district medical officer at Port 
Elizabeth, reports that the brain of Carey, the Irish informer, weighed 61 oz. 
M. Nikiforoff has published an article on the subject of the weight of brains 
in the ‘Novosti.’ According to him, the weight of the brain has no influence 
whatever on the mental faculties. It ought to be remembered that the signifi- 
cance of the weight of the brain should depend upon the proportion it bears to 


Fie. 588.—Side view of the brain of man, showing the localisation of 
various functions. (After Ferrier.) 
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the dimensions of the whole body and to the age of the individual. It is equally 
important.to know what was the cause of death, for long illness or old age 
exhausts the brain. To define the real degree of development of the brain, it is 
therefore necessary to have a knowledge of the condition of the whole body ; 
and, as this is usually lacking, the mere record of weight possesses little 
significance. l 

The human brain is heavier than that of any of the lower animals, except the 
elephant and whale. The brain of the former weighs from eight to ten pounds ; 
and that of a whale, in a specimen seventy-five feet long, weighed rather more 
than five pounds. - 


Cerebral Localisation.—Physiological and pathological research have now gone far 
to prove that a considerable part of the surface of the brain may be mapped out into 
a series of more or less definite areas, each of which is intimately connected with some 
well-defined function. 
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i ibe these localities. But 
j lace, nor can space be given here, to describe t je 
PE i jie aahi + drawings from aoe A a 590), pak gh p: koe * a ke 
i i Grünbaum (fig. 589), have be 3 
chimpanzee by Sherrington and ; Se ae 
indi tion of some of the more important areas. p 
AE aee iell be ous ‘ut whereas Ferrier devotes both the precentral and + 
Swol iiion to the motor areas, Sherrington and Grünbaum limit them practically to 
he i i inci d convolutions of the 
hy.—The relation of the principal fissures and convol 3 Of 
sagen t ‘edie FaHtAce of the scalp has been the subject of much investigation, 
and many systems have been ey oe phioh one may localise these parts from an 
inati he external surface of the head. l 
i Ar — oiis be regarded as approximately correct for several reasons : in the 
first place, because the relations of the convolutions and sulci to the surface vary a 
different individuals; secondly, because the surface area of the scalp is greater than the 
surface area of the brain, so that lines drawn on the one cannot correspond exactly to 
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. 589.—Side view of the brain of the chimpanzee, showing the localisation o 
ai various functions. (Sherrington and Griinbaum.) 
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sulci or convolutions on the other; and thirdly, because the sulci and convolutions in two 
individuals are never precisely alike. Nevertheless, the principal fissures and convolu- 
tions can be mapped out with sufficient accuracy for all practical purposes, so that any 
particular convolution can be exposed by removing with the trephine a certain portion 
of the skull’s area. 

The various landmarks on the outside of the skull, which can be easily felt, and which 
serve as indications of the position of the parts beneath, have been already referred to 
(see page 245), but there are certain other points or landmarks which require alluding 
to, in order to facilitate the description of the relation of the fissures and convolutions 
of the brain to the external surface of the skull. 

A line drawn horizontally backwards from the middle of the infra-orbital margin, 
through the centre of the outlet of the external auditory meatus, will represent what is 
known as Reid's base-line. A spot on this base-line in the hollow between the tragus of 
the ear and the condyle of the lower jaw is known as the pre-auricular point. 

_ , The longitudinal fisswre.—This corresponds to a line drawn from the nasion to the 
inion. 


The Sylvian fisswre.—In order to mark out this fissure, a point must be defined by 
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carrying horizontally backwards a line for 1? of an inch (thirty-five millimetres) from the 
external angular process of the frontal bone, and from the posterior extremity of this 
line a vertical line upwards for half an inch (twelve millimetres); the upper end ‘of this 
second line is the point in question, and is known as the Sylvian point. It marks the 
spot where the Sylvian fissure divides. Another and simple plan of defining the Sylvian 
point has been devised by E. H. Taylor. He divides the distance betweén the nasion 
and inion into four equal parts, and draws one line from the junction of the third and 
fourth parts, reckoning from before backwards, to the external angular process of the 
frontal bone ; and a second line, from the junction of the first and second segments to the 
centre of the external auditory meatus. The Sylvian point will be the spot where these 
two lines cross one another, and the first line from this point onwards will lie over the 


Fig. 590.—Top view of the brain of man, showing the localisation of 
various functions. (After Ferrier.) 
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posterior limb of the fissure of Sylvius. The Sylvian line—that is to say, the line on the 
surface of the skull which lies over the posterior limb of the fissure of Sylvius—is usually 
marked out by drawing a line from the Sylvian point to the lower part of the parietal 
eminence. The ascending limb of the fissure of Sylvius may be marked out by drawing 
a line upwards, at right angles to the Sylvian line, for nearly an inch (two centimetres) ; 
and the horizontal limb by a line of the same length, drawn horizontally forwards from 
e point. l 

= The ere of Rolando.—In order to define this fissure, its upper extremity, supertor 
Rolandic point, must be first found. This is situated in the sagittal suture, at a point 
55°6 per cent. of the distance between the nasion and the inion. For all practical 

urposes the plan suggested by Thane is sufficient. He takes the middle point of a line 
an the nasion and the inion, and fixes the superior Rolandic point at half an inch 
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i is point. The inferior Rolandic point is defined by drawing a line at right 
pn ete of Reid, from the pre-auricular point to the Sylvian pme; Ha it 
meets about an inch from the Sylvian point. By joming these two points, t olandic 
line, which overlies the fissure of Rolando, is mapped out. Tt forms an angle, eae 
forwards, of about seventy degrees with the median line. The Rolandic line’ does not, p 
ever, actually define the limits of the Rolandic fissure ; for this fissure does not quite reac 
the middle line of the head above, and it terminates below, a short distance above the 
Sylvian line. Reid has devised another plan for mapping out this fissure. He draws 
two perpendicular lines from the base-line to the top of the head: one (fig. 592, D E) 
from the pre-auricular point, and the other (F @) from the posterior border of the 
mastoid process at its root. A line drawn from the upper extremity of the posterior 
line (F) to the point where the Sylvian line crosses the anterior one would indicate 
the position of the fissure of Rolando. 


Fic. 591.—Drawing to illustrate cranio-cerebral topography. (Taken from a cast in the 
Museum of the Royal College of Surgeons of England, prepared by Cunningham.) 
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The external parieto-occipital fissure runs outwards at right angles to the great 
longitudinal fissure for about an inch, from a point one-fifth of an inch in front of 
the lambda (posterior fontanelle). Reid states that if the posterior limb of the fissure 
of Sylvius be continued backwards to the sagittal suture, the last inch of this line will 
indicate the position of the sulcus. 

The pre-central and post-central sulci are situated three-fifths of an inch in front of 
and behind the Rolandic fissure respectively : they are nearly parallel with this fissure, 
and extend as low as the Sylvian line. 

The superior frontal fisswre may be mapped out by drawing a line from the junction 
of the upper and middle third of the precentral sulcus, in a direction parallel with the 
longitudinal fissure, to a point midway between the middle line of the forehead and the 
temporal crest, an inch and a half above the supra-orbital notch. 

The inferior frontal fissure follows the course of the superior temporal ridge, 
commencing at the junction of the middle and lower third of the precentral sulcus. 
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The intraparietal fissure begins on a level with the junction of the middle and lower 
third of the fissure of Rolando, on a line carried across the head from the back of the root 
of one auricle to that of the other. After passing upwards, it curves backwards, lying 
parallel to the longitudinal fissure, midway between it and the parietal eminence; it then 
curves downwards to end midway between the lambda or junction of the sagittal and 
lambdoidal sutures and the parietal eminence. 

The lateral ventricles may be circumscribed, according to Poirier, by desoribing a 
quadrilateral figure on the side of the head. The upper limit is a horizontal line drawn 
two inches above and parallel with the zygoma : this defines the roof of the ventricular 
cavity. The lower limit is a second horizontal line drawn half an inch above the 
zygoma: this indicates the level of the extremity of the descending horn of the ventricle. 
Two vertical lines—one drawn through the junction of the anterior and middle thirds of 
the zygomatic arch, and the other two inches behind the tip of the mastoid process— 
indicate the extent of the anterior horn in front and the posterior horn behind. 


Fic. 592.—Relation of the principal fissures and convolutions of the cerebrum 
to the outer surface of the scalp. (Reid.) 
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Surgical Anatomy.—In cases of distension of the ventricles with cerebro-spinal fluid, 
which causes symptoms very closely resembling cerebral tumour, recourse has been had 
to trephining for the purpose of draining these cavities. Different routes have been 
adopted by surgeons. Poirier advocates tapping the descending horn. He trephines the 
skull rather more than an inch and a half (four centimetres) above the external auditory 
meatus, and thus exposes the second temporal convolution, By introducing a trocar, 
the middle horn is reached at the depth of about an inch. Kocher recommends the 
puncture to be made an inch and a quarter in front of the precentral sulcus, and the same 
distance from the middle line of the head. This corresponds to the position of the 
superior frontal fissure; and the brain substance requires perforating to the extent of 
about two inches in a direction downwards and backwards, in order to reach the 
ventricle. 

Keen, of Philadelphia, who was one of the first to draw attention to this subject, 
trephined at a spot an inch and a quarter above and behind the external auditory meatus, 
and directed his trocar inwards and slightly forwards and upwards, aiming for a point 
two and a half inches above the opposite meatus, and perforated the brain substance to 
the depth of an inch and three-quarters before the ventricle was reached. 
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NERVE-TRACTS 


The anatomy of the various parts of the central nervous system having been 
described, a a account will now be given of the course taken by its more 


Fig. 593.—The motor tract. (Poirier.) 
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important nerve-tracts, and of the direction in which impulses pass along 


them. The methods employed in elucidating this complex subject have already 
been referred to (page 770). 


Motor, EFFERENT, or DESCENDING Tract 


The constituent fibres of this tract 


are the axis-cylinder processes of cells 
situated in the motor area of the cort 


ex. At first they are somewhat widely 
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diffused, but as they descend through the corona radiata they gradually approach 
each other and pass between the lenticular nucleus and optic thalamus in the 
genu and anterior two-thirds of the posterior limb of the internal capsule, those 
which occupy the genu being named the geniculate fibres, while the remainder 
constitute the pyramidal fibres. Proceeding downwards they enter the crusta 
or pes of the crus cerebri, the pyramidal fibres occupying the middle three-fifths, 
and the geniculate fibres the innermost fifth of this structure. The geniculate 
fibres then decussate in the middle line with the corresponding fibres of the 
opposite side, and end by arborising around the cells of the motor nuclei of 
the cranial nerves. The pyramidal fibres are continued downwards into the 
anterior pyramids of the medulla, and the transit of the fibres from the 
medulla is effected by two paths. The fibres nearest to the anterior median 
fissure cross the middle line, forming the decussation of the pyramids, and descend 
in the opposite side of the cord as the indirect or crossed pyramidal tract. 
Throughout the length of the spinal cord fibres from this column pass into the 
grey matter, to terminate by ramifying around the cells of the anterior horn. 
The more laterally placed portion of the motor tract does not decussate in the 
medulla, but descends as the direct or uncrossed pyramidal tract; these fibres, 
however, end in the anterior grey horn of the opposite side of the spinal cord by 
passing across in the anterior white commissure. There is considerable varia- 
tion in the extent to which decussation takes place in the medulla, the commonest 
condition being that in which about two-thirds or three-fourths of the fibres 
decussate in the medulla and the remainder in the cord. 

The axons of the motor cells in the anterior horn pass out as the fibres of the 
anterior roots of the spinal nerves, along which the impulses are conducted to 
the muscles of the trunk and limbs. 

From this it will be seen that all the fibres of the motor tract pass to the 
nuclei of the motor nerves on the opposite side of the brain or cord, a fact which 
explains why a lesion involving the motor area of one side causes paralysis 
of the muscles of the opposite side of the body. Further, it will be seen that 
there is a break in the continuity of the motor chain : in the case of the cranial 
nerves this break occurs in the nuclei of these nerves; and in the case of the 
spinal nerves, in the anterior horn of grey matter. 


OTHER DESCENDING TRACTS 


1. The cortico-protuberantial fibres arise in the cerebral cortex and descend 
to end in the nuclei pontis. They consist of two groups: (1) those from the 
frontal lobe pass through the anterior limb of the internal capsule, and in the 
crusta are disseminated among the pyramidal and geniculate fibres; (2) those 
from the temporal and occipital lobes proceed through the posterior limb of the 
internal capsule and occupy the outer fifth of the crusta. From the nuclei pontis 
the fibres of the second link in the chain take origin, and, after crossing to the 
opposite side, are carried to the cortex of the cerebellum through the middle 
peduncles. The descending cerebellar fibres in the anterior and lateral columns 
of the spinal cord are by some regarded as a third link of this chain. 

2. A small tract arises from the cells of the caudate and lenticular nuclei and 
descends to end in the crus cerebri. 


SENSORY, AFFERENT, ASCENDING TRACT 


Sensory impulses are conveyed to the spinal cord through the posterior roots 
of the spinal nerves. On entering the cord these root-fibres divide into descend- 
ing and ascending branches; the former soon enter the grey matter : of the 
latter some end in the grey matter after a longer or shorter course, while others 
are continued directly into the posterior columns of the cord, where they form 
the tracts of Goll and Burdach (posterior sensory fasciculi). From the cells of 
the posterior horn, fibres arise which cross the middle line and ascend in the 

ripheral part of the lateral column as the tract of Gowers (lateral sensory 
asciculus). Some observers maintain that part of the sensory fibres ascend in 
the anterior column. The tracts of Goll and Burdach end by arborising around 
the cells of the gracile and cuneate nuclei, and from these cells the fibres of the 
mesial fillet take origin and cross to the opposite side in the sensory decussation. 
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i joi : i lread 
ial fillet is then joined by the fibres of Gowers’ tract which have already 
= T "a in its orroe course receives fibres from the cranial 
sensory nuclei of the opposite side, with the exception of the cochlear division 
of the auditory nerve. Ascending through the crus, the fillet gives off some 
fibres to the lenticular nucleus and island of Reil, but the greater part of it is 


Fic. 594.—-The sensory tract. (Poirier.) 
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carried into the optic thalamus, where most of its fibres terminate—only a small 
proportion being continued directly into the cerebral cortex. From the grey 
matter of the optic thalamus the fibres of the third link in the chain arise and 
pass to the cerebral cortex. The fibres from the terminal nuclei of the cochlear 
nerve pass upwards in the lateral fillet, and are carried through the posterior 
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part of the internal capsule to the temporal lobe. Further, Gowers’ tract gives 
off a fasciculus which reaches the cerebellum through its superior peduncles. 


OTHER ASCENDING Tracts 


The direct cerebellar tract begins about the level of the second lumbar vertebra, 
and is the continuation upwards of the axis cylinders of Clarke’s column. At the 
upper end of the cord most of its fibres pass into the restiform body and through 
this reach the cerebellum ; some, however, pass through the pons and are carried 
to the cerebellum through its superior peduncle. This tract seems to lose some 
of its fibres in the cord, since the area of its degeneration resulting from a section 
of the lower part of the cord diminishes from below upwards ; only some of its 
fibres therefore pass directly to the cerebellum. On the other hand, the tract is 
reinforced by an accession of fibres from the cord itself, so that its transverse 
area is greater above than below. 

Most of the fibres of the superior cerebellar peduncle arise within the dentate 
nucleus of the cerebellum or from the cerebellar cortex, and after crossing to the 
opposite side, are continued to the red nucleus and optic thalamus, from the cells 
of which a relay of fibres is prolonged to the cerebral cortex. 


MENINGES OF THE BRAIN AND SPINAL CORD 


The brain and spinal cord are enclosed within three membranes. These are 
named from without inwards: the dura mater, the arachnoid membrane, and 
the pia mater. 


Tae Dura MATER 


The Dura Mater is a thick and dense inelastic membrane, which forms an 
external covering for the brain and spinal cord. The portion which encloses the 
brain differs in several essential particulars from that which surrounds the spinal 
cord, and therefore it is necessary to describe them separately; but at the same 
time it must be distinctly understood that the two form one complete membrane, 
and are continuous with each other at the foramen magnum. 

The cranial dura mater lines the interior of the skull, and serves the twofold 
purpose of an internal periosteum to the bones and a membrane for the protection 
of the brain. Its outer surface is rough and fibrillated, and adheres closely to the 
inner surface of the bones ; the adhesion being most marked opposite the sutures 
and at the base of the skull. Its inner surface is smooth.and lined by a layer of 
endothelium. It sends four processes into the cavity of the skull, which divide 
it into a number of freely communicating compartments, for the lodgment and 
protection of the different parts of the brain; and it is prolonged to the outer 
surface of the skull, through the various foramina which exist at the base, and 
thus becomes continuous with the pericranium ; its fibrous layer forms sheaths 
for the nerves which pass through these apertures. At the base of the skull, it 
sends a fibrous prolongation into the foramen cecum; it sends a series of 
tubular prolongations round the filaments of the olfactory nerves as they pass 
through the cribriform plate, and another round the nasal nerve as it passes 
through the nasal slit; a prolongation is also continued through the sphenoidal 
fissure into the orbit, and another is carried into the same cavity through the 
optic foramen, forming a sheath for the optic nerve, which is continued as far as 
the eyeball. In the posterior fossa it sends a process into the internal auditory 
meatus, ensheathing the facial and auditory nerves ; another through the jugular 
foramen, forming a sheath for the structures which pass through this opening ; 
and a third through the anterior condyloid foramen. Around the margin of the 
foramen magnum it is closely adherent to the bone, and is continuous with the 
spinal dura mater. It is composed of two layers closely connected together, 
except in certain situations, where, as already described (page 717), they separate 
to form sinuses for the passage of venous blood. Upon the outer surface of the 
cranial dura mater, in the situation of the longitudinal sinus, may be seen 
numerous small whitish bodies, the glandule Pacchions. 
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Processes of the Cranial Dura Mater.—The processes of the cranial dura 
mater, which project into the cavity of the skull, are formed by a reduplication 
of the inner or meningeal layer of the membrane, and are four in number : the 
falx cerebri, the tentorium cerebelli, the falx cerebelli, and the diaphragma selle. 

The falx cerebri, so named from its sickle-like form, is a strong, arched process 
which descends vertically in the longitudinal fissure between the hemispheres of 
the brain. It is narrow in front, where it is attached to the crista galli of the 
ethmoid bone ; and broad behind, where it is connected with the upper surface 
of the tentorium cerebelli. Its upper margin is convex and attached to the 
inner surface of the skull, in the middle line, as far back as the internal occipital 
protuberance ; it contains the superior longitudinal sinus. Its lower margin is 
free, concave, and presents a sharp curved edge, which contains the inferior 
longitudinal sinus. l i 

The tentorium cerebelli is an arched lamina of dura mater, elevated in the 
middle, and inclining downwards towards the circumference. It covers the 
upper surface of the cerebellum, and supports the occipital lobes of the brain and 
prevents them pressing upon the cerebellum. It is attached, behind, by its 
convex border to the transverse ridges upon the inner surface of the occipital 
bone, and there encloses the lateral sinuses ; in front, to the superior margin of 
the petrous portion of the temporal bone on either side, enclosing the superior 
petrosal sinuses, and at the apex of this bone the free or anterior border and the 
attached or external border meet, and, crossing one another, are continued 
forwards to be fixed to the anterior and posterior clinoid processes respectively. 
To the middle line of its upper surface the posterior border of the falx cerebri is 
attached, the straight sinus being placed at their line of junction. Its anterior 
border is free and concave, and bounds a large oval opening, the incisura tentori, 
for the transmission of the crura cerebri. | 

The falx cerebelli is a small triangular process of dura mater, received into 
the indentation between the two lateral lobes of the cerebellum behind. Its base 
is attached, above, to the under and back part of the tentorium ; its posterior 
margin, to the lower division of the vertical crest on the inner surface of the 
occipital bone. As it descends, it sometimes divides into two smaller folds, 
which are lost on the sides of the foramen magnum. 

The diaphragma selle is a horizontal process, in the form of a small circular 
fold, which constitutes a roof for the sella turcica. This almost completely 
covers the pituitary body, presenting merely a small central opening for the 
infundibulum to pass through. 

Structure.—The cranial dura mater consists of white fibrous tissue, with 
connective-tissue cells and elastic fibres arranged in flattened laminae, which are 
imperfectly separated by lacunar spaces and blood-vessels into two layers, 
endosteal and meningeal. The endosteal layer is the internal periosteum for the 
cranial bones, and contains the blood-vessels for their supply. At the margin 
of the foramen magnum it becomes continuous with the periosteum lining the 
spinal canal. The meningeal or supporting layer is lined on its inner surface by 
a layer of nucleated endothelium, similar to that found on serous membranes : 
these cells were formerly regarded as belonging to the arachnoid membrane. 
By its reduplication the meningeal layer forms the falx cerebri, the tentorium 
and falx cerebelli, and the diaphragma sella. The two layers are connected by 
fibres which intersect each other obliquely. 

The arteries of the dura mater are very numerous, but are chiefly distributed 
to the bones. Those in the anterior fossa are the anterior meningeal branches 
of the anterior and posterior ethmoidal and internal carotid, and a branch 
from the middle meningeal. Those in the middle fossa are the middle and 
small meningeal of the internal maxillary, a branch from the ascending pharyn- 
geal, which enters the skull through the foramen lacerum medium basis cranii ; 
branches from the internal carotid, and a recurrent branch from the lachrymal. 
Those in the posterior fossa are meningeal branches from the occipital: one of 
which enters the skull through the jugular foramen, and the other through the 
mastoid foramen ; the posterior meningeal from the vertebral; occasionally 
meningeal branches from the ascending pharyngeal, which enter the skull through 
the jugular and condyloid foramina ; and a branch from the middle meningeal. 

The veins which return the blood from the cranial dura mater, and partly 
from the bones, anastomose with the diploic veins. They terminate in the 
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various sinuses, with the exception of the two which accompany the middle 
meningeal artery and pass out of the skull at the foramen spinosum to join the 
pterygoid plexus through which their contents are drained into the internal 
maxillary vein; above, they communicate with the superior longitudinal sinus. 
Many of the meningeal veins do not open directly into the sinuses, but indirect] 
through a series of ampullw, termed venous lacunae. These are found on andl 
side of the superior longitudinal sinus, especially near its middle portion, and 
are often invaginated by Pacchionian bodies; they also exist near the lateral 
and straight sinuses. They communicate with the underlying cerebral veins, 
and also with the diploic and emissary veins. 

The nerves of the cranial dura mater are filaments from the Gasserian 
ganglion, from the ophthalmic, superior maxillary, inferior maxillary, vagus, and 
hypoglossal nerves, and from the sympathetic. 

The spinal dura mater forms a loose sheath around the cord, and represents 
only the inner or meningeal layer of the cranial dura mater. The outer or en- 
dosteal layer ceases at the foramen magnum, where 
it. becomes continuous with the periosteum lining Fig. 595.—The spinal cord 
the spinal canal. The dura mater is separated from and its membranes. 
the bony walls of the spinal canal by a space, the 
ented space, in which is contained a quantity of 
loose areolar tissue and a plexus of veins. The 
situation of these veins between the dura mater 
of the cord and the periosteum of the vertebre 
corresponds therefore to that of the cranial sinuses 
between the meningeal and endosteal layers of the 
cranial dura mater. It is attached to the circum- 
ference of the foramen magnum, and to the second 
and third cervical vertebræ; it is also connected 
to the posterior common ligament, especially near 
the lower end of the spinal canal, by fibrous slips ; 
it extends below as far as the second or third piece 
of the sacrum : here it becomes impervious, and, en- 
sheathing the filum terminale, descends to the back 
of the coccyx, where it blends with the periosteum. 
The sheath of the dura mater is much larger than is 
necessary for the accommodation of its contents, 
and its size is greater in the cervical and lumbar 
regions than in the dorsal. Its inner surface is 
smooth. On each side may be seen the double open- 
ings which transmit the two roots of the correspond- 
ing spinal nerve, the dura mater being continued in 
the form of a tubular prolongation on them as they 
pass through the intervertebra] foramina, These 

rolongations are short in the upper part of the spine, but gradually become 
onger below, forming a number of tubes of fibrous membrane, which enclose 
the lower spinal nerves and are contained in the spinal canal. 

The chief peculiarities of the dura mater of the cord, as compared with that 
investing the em are the following: The dura mater of the cord is not adherent 
to the bones of the spinal canal, which have an independent periosteum. It 
does not send partitions into the fissures of the cord, as in the brain. Its fibrous 
laminæ do not separate to form venous sinuses, as in the cranial dura mater. 

Structure.— he spinal dura mater resembles in structure the meningeal or 
supporting layer of the cranial dura mater, consisting of white fibrous and 
elastic tissue, arranged in bands or lamellæ, which, for the most part, are 
parallel with one another and have a longitudinal arrangement, Its internal 
surface is covered by a layer of endothelial cells, which gives this surface its 
smooth appearance. It is sparingly supplied with blood-vessels ; and some few 
nerves have been traced into it. 

Subdural space—The dura mater is separated from the arachnoid by a 
potential space, the subdural space. The two membranes are, in fact, in contact 
with each other, except where they are separated by a minute quantity of fluid, 
which just serves to keep the two opposing surfaces moist. 
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THE ARACHNOID MEMBRANE 


The arachnoid (dpdxvy, «Sos, like a spider's web), so named from its extreme 
thinness, is a delicate membrane which envelops both the brain and cord, lying 
between the pia mater internally and the dura mater externally. 

The cranial part of the arachnoid invests the brain loosely, and does not 
dip into the sulci between the convolutions, nor into the fissures, with the ex- 
ception of the longitudinal fissure. On the upper surface of the cerebrum the 
arachnoid is thin and transparent, and may be easily demonstrated by injecting 
a stream of air beneath it by means of a blowpipe. At the base of the brain 
the arachnoid is thicker and slightly opaque towards the central part, where it 
extends across between the two Be aT. in front of the pons Varolii, so as 
to leave a considerable interval between it and the brain. 

The spinal part of the arachnoid is a thin, delicate tubular membrane, 
which loosely invests the cord. Above, it is continuous with the cerebral 
arachnoid; below, it widens out and invests the cauda equina and the nerves 


Fia. 596.— Diagrammatic representation of a section across the top of the skull, 
showing the membranes of the brain, &c. (Modified from Testut.) 
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proceeding from it. Its outer surface is in contact with the inner 
er dura mater, but for the most part the membranes are not treet 
though here and there they may be joined together by isolated connective- 
tissue trabecule, which are most numerous on the posterior surface of the cord 
The space between the two membranes is the subdural space. . 
“a we 7 oa pa P the nerves which arise from the brain 
fom the skuli k lle in loose sheaths as far as their point of exit 

, Swucture.—The arachnoid consists of bundles of white j 

tissue intimately blended together. Its outer surface is covered Mb a Whee al 
ee Vessels of considerable size, but few in number, and, according to 
a dalek, a rich plexus of nerves derived from the motor division of the fifth 
ne and the spinal accessory nerves, are found in the arachnoid. l 
oe e 7 space is the interval between the arachnoid and pia 
: - 401s not, properly speaking, a space, for it is occupied everywhere by a 
pongy tissue consisting of trabecule of delicate connective tissue, and inter- 
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communicating channels in which the subarachnoid fluid is contained. This 
so-called space is small on the surface of the hemispheres of the brain; on the 
summit of each convolution the pia mater and arachnoid membrane are in close 
contact; but in the sulci between the convolutions, triangular spaces are left, 
in which the subarachnoid trabecular tissue is found, for the pia mater dips 
into the sulci, whereas the arachnoid bridges across them from convolution to 
convolution. At the base of the brain, in certain situations, the arachnoid is 
separated by wider intervals from the pia mater, forming larger spaces, which 
have received the name of cisterng, and in these the subarachnoid tissue is 
less abundant and the communicating channels larger than in those regions 
where the two membranes are more closely approximated. 

The three principal of these spaces have been named the cisterna magna, 
the cisterna pontis, and the cisterna basalis; but it should be clearly understood 
that these spaces communicate freely with each other. The cisterna magna 
is a space, triangular on sagittal section, caused by the arachnoid bridging 
over the interval between the under surfaces of the hemispheres of the cere- 
bellum and the medulla. It is continuous with the posterior part of the sub- 
arachnoid space of the spinal cord through the foramen magnum. The cisterna 
pontis is a considerable interval between the pia mater and the arachnoid on 
the ventral aspect of the pons Varolii. It contains the basilar artery, and 
is continuous behind with the subarachnoid space of the spinal cord, and with 
the cisterna magna; and in front of the pons with the cisterna basalis. The 
cisterna basalis is a wide interval left between the pia mater and-the arachnoid, 
in consequence of the latter membrane extending across between the two tem- 
poral lobes. It encloses the crura cerebri and the structures contained in the 
interpeduncular space, and contains the circle of Willis. In front, the cisterna 
basalis extends forwards on to the upper surface of the corpus callosum, for 
the arachnoid stretches across from one cerebral hemisphere to the other, 
immediately beneath the free border of the falx cerebri, and thus leaves a space 
in which the anterior cerebral arteries are contained. Again, another space is 
formed in front of either temporal lobe by the arachnoid bridging across the 
fissure of Sylvius without dipping down to the bottom of the fissure. This space 
is a prolongation from the cisterna basalis, and contains the middle cerebral 
artery. The subarachnoid space communicates with the general ventricular 
cavity of the brain by three openings: one of these is in the middle line at the 
inferior boundary of the fourth ventricle, where an opening in the pia-matral 
covering of this cavity, the foramen of Majendie, exists, and permits the passage 
of fluid from the one space to the other. The other two communications are 
at the extremities of the lateral recesses of the fourth ventricle, behind the 
upper roots of the glosso-pharyngeal nerves; they are named the foramina 
of Key and Retzius. It is stated by Meckel that the lateral ventricles also 
communicate with the subarachnoid space at the apices of their descending 
horns. 

The spinal part of the subarachnoid space is a very wide interval between 
the arachnoid membrane and the pia mater, and is largest at the lower part of 
the spinal canal, where the arachnoid membrane encloses the nerves which form 
the cauda equina. Superiorly, it is continuous with the cranial subarachnoid 
space, through which it communicates with the general ventricular cavity of the 
brain, by means of the openings, in the pia mater, in the roof of the fourth 
ventricle (foramen of Majendie and foramina of Key and Retzius). It is partially 
divided by a longitudinal membranous septum, the septwm posticum, which serves 
to connect the arachnoid with the pia mater, opposite the posterior median fissure 
of the spinal cord, and forms a partition, which is incomplete and cribriform 
above, but more perfect in the dorsal region of the spine. It consists of bundles 
of white fibrous tissue interlacing with each other. Each of these divisions of 
the spinal subarachnoid space is further subdivided by the ligamenta denticulata, 
which will be described with the pia mater. + 2 

The cerebro-spinal fluid fills up the subarachnoid space. In the spine it 1s so 
abundant as to completely fill up the whole of the space included in the dura 
mater. It is a clear limpid fluid, having a saltish taste and a slightly alkaline 
reaction. According to Lassaigne, it consists of 98°5 parts of water, the remain- 
ing 1'5 per cent. being solid matters, animal and saline. It varies in quantity, 
being most abundant in old persons, and is quickly reproduced. Its ot use 
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is probably to afford mechanical protection to the nervous centres, and to 
revent the effects of concussions communicated from without. 

The glandule Pacchioni, or arachnoid villi, are small, fleshy-looking eleva- 
tions, usually collected into clusters of variable size, which may be seen upon 
the outer surface of the dura mater, in the vicinity of the superior longitudinal 
sinus, and in some other situations. Little pits or depressions will be found 
on the corresponding parts of the calvarium, into which these excrescences are 
received. Upon laying open the superior longitudinal sinus, others of these 
bodies will be found protruding into its interior. These bodies are not glandular 
in structure, but, according to Luschka, are enlarged normal villi of the arachnoid. 
On each side of the sinus, and communicating with it, are large venous spaces, 
named lacune laterales, situated in the dura mater, and into these the villi 
project. As they grow they push the thinned dura mater before them, and cause 
absorption of the bone from pressure, and so produce the pits or depressions 
on the inner wall of the calvarium. A Pacchionian body consists of the 
following parts: 1. In the interior is a core of subarachnoid tissue, which is 
continuous with the meshwork of the general subarachnoid tissue through a 
narrow pedicle, by which the Pacchionian body is attached to the arachnoid. 
2. Around this tissue is a layer of arachnoid membrane, which limits and 
encloses the subarachnoid tissue. 3. Outside this, again, is the thinned wall 
of the lacuna, which is separated from the arachnoid covering the body by 
a space which corresponds to and is continuous with the subdural space. 
4. And finally, if the body projects into the longitudinal sinus, it will be covered 
by the greatly thinned upper wall of the sinus. It will be seen, therefore, that 
fluid injected into the subarachnoid space will find its way into the Pacchionian 
bodies, and it has been found experimentally that it passes from these bodies 
into the venous sinuses into which these bodies project. The Pacchionian 
bodies are supposed to be the means by which excess of cerebro-spina! fluid 
is got rid of, when its quantity is increased above normal. 

These bodies are not seen in infancy, and very rarely until the third year. 
They are usually found after the seventh year; and from this period they 
increase in number as age advances. 


THe Pra MATER 


The pia mater is a vascular membrane, consisting of a minute plexus of 
blood-vessels, held together by an extremely fine areolar tissue. The cerebral 
pia mater invests the entire surface of the brain, dipping down between the 
convolutions and laming, and is prolonged into the interior, as an invagination 
forming the velum interpositum or tela choroidea superior, and the choroid 
plexuses of the lateral and third ventricles. As it passes over the roof of the 
fourth ventricle, it forms the tela choroidea inferior and the choroid plexuses 
of this ventricle. Upon the surfaces of the hemispheres, where it covers the 
grey matter of the convolutions, it gives off from its inner surface a multitude 
of sheaths, which surround minute vessels, that extend perpendicularly for 
some distance into the cerebral substance (see fig. 489, page 636). On the 
cerebellum the membrane is more delicate; the vessels from its inner surface 
are shorter, and its relations to the cortex are not so intimate. The spinal 
pia mater is thicker, firmer, and less vascular than that of the brain: this is 
due to the fact that it consists of two layers, the outer or additional one 
being composed of bundles of connective-tissue fibres, arranged for the most 
part longitudinally. Between the layers are cleft-like lymphatic spaces which 
communicate with the subarachnoid space, and a number of blood-vessels 
which are enclosed in perivascular lymphatic sheaths, into which the lym- 
phatic spaces open. The spinal pia mater covers the entire surface of the 
cord, to which it is very intimately adherent, and in front it sends a process 
backwards into the anterior fissure. A longitudinal fibrous band extends along 
the middle line on its anterior surface, called by Haller the linea splendens ; 
and a somewhat similar band, the ligamentum denticulatum, is situated on each 
side. At the point where the cord terminates, the pia mater becomes contracted 
and is continued down as a long, slender filament (filum terminale), which 
descends through the centre of the mass of nerves forming the cauda equina. It 
perforates the dura mater about the level of the second or third lumbar vertebra, 
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receiving a sheath from it, and extends downwards as far as the base of 
the coccyx, where it blends with the periosteum. It assists in maintaining 
the cord in its position during the movements of the trunk, and is, from this 
circumstance, called the central ligament of the cord. 

The pia mater of both the brain and the spinal cord forms a sheath for the 
nerves as they emerge from the central nervous matter. This is closely connected 
with the nerve, and blends with its common 


membranous investment. FiG. 597.—Transverse section of the 
_ The Ligamentum Denticulatum (fig. 597) spinal cord and its membranes. 
is a narrow fibrous band situated on each 


side of the spinal cord throughout its entire 
length, and separating the anterior from the : BS Dura Maren 
posterior roots of the spinal nerves. It has SS rs 

recelved its name from the serrated appear- 
ance which it presents. Its inner border is 
continuous with the pia mater, at the side of 
the cord. Its outer border presents a series of 
triangular tooth-like processes, the points of ae e 
which are fixed at intervals to the dura mater. leman sua? 
These processes are twenty-one in number, 

on each side, the first being attached to the dura mater, opposite the margin of 
the foramen magnum between the vertebral artery and the hypoglossal nerve ; 
and the last near the lower end of the cord. Its function is to support the 
cord in the fluid by which it is surrounded. 
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Surgical Anatomy.—Evidence of great value in the diagnosis of meningitis may 
sometimes be obtained by puncturing the theca of the cord and withdrawing some of 
the cerebro-spinal fluid; and the operation is regarded by some as curative, under the 
supposition that the draining of some of the cerebro-spinal fluid relieves the patient by 
diminishing the intracranial pressure. The operation is performed by inserting a trocar, 
of the smallest size, between the lamina of the third and fourth, or the fourth and fifth 
lumbar vertebrm, through the ligamenta subflava., The spinal cord, even of a child at 
birth, does not teach below the third lumbar vertebra, and therefore the canal may be 
punctured between the third and fourth lumbar vertebre without any risk of injuring 
this structure. The point of puncture is indicated by laying the child on its side and 
dropping a perpendicular line from the highest point of the crest of the ilium; this will 
cross the upper border of the spine of the fourth lumbar vertebra, and will indicate the 
level at which the trocar should be inserted a little to one side of the middle line. 


CRANIAL NERVES 


There are twelve pairs of cranial nerves; they arise from some part of the 
cerebro-spinal centre, and are transmitted through foramina in the base of the 
cranium. They have been named numerically, according to the order in which 
they pass through the dura mater lining the base of the skull. Other names are 
also given to them derived from the parts to which they are distributed, or from 
their functions. Taken in their order, from before backwards, the different 
pairs are named as follows : 


ist. Olfactory. 7th. Facial. 

2nd. Optic. 8th. Auditory. 

3rd, Motor oculi. gth. Glosso-pharyngeal. 

4th. Trochlear (Pathetic). roth. Pneumogastric or Vagus. 
sth. Trifacial (Trigeminus). rıth. Spinal accessory. 

6th. Abducent. 12th. Hypoglossal. 


All the cranial nerves are connected to some part of the surface of the brain. 
This is termed their superficial or apparent origin. But their fibres can, in all 
cases, be traced into the substance of the brain to special centres of grey matter, 
termed nuclei. As already stated in the chapter on Embryology, the cranial 
nerves, with the exception of the first and second, are developed in a similar 
manner to the spinal nerves. The motor or efferent cranial nerves arise from 
groups of nerve-cells situated within the brain, and such groups of cells constitute 
the nuclei of origin of the motor nerves. The sensory or afferent cranial nerves 
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arise outside the brain from groups of nerve-cells or ganglia derived from the 
neural crest or ganglion ridge, and situated on the trunks of the nerves ; these 
ganglia must therefore be looked upon as the nuclei of origin of the sensory nerves. 
The central processes of these ganglion cells grow into the brain, and there end 
by arborising around the cells of certain nuclei or collections of nerve-cells, which 
are termed the nuclei of termination of the sensory nerves. The nuclei of origin of 
the motor nerves and the nuclei of termination of the sensory nerves are brought 
into relationship with the cerebral cortex, the former through the geniculate 
bundle of the internal capsule, the latter through the fillet. The geniculate fibres 
arise from the cells of the motor area of the cortex, and after crossing the middle 
line, end by arborising around the cells of the nuclei of origin of the motor 
nerves. On the other hand, fibres arise from the cells of the nuclei of termi- 
nation of the sensory nerves, and after crossing the opposite side, join the fillet, 
and thus connect these nuclei, directly or indirectly, with the cerebral cortex. 
The nerves pass through foramina or tubular prolongations in the dura mater, 
leave the skull through foramina in its base, and are prolonged to their final 
distribution. 


OLFACTORY NERVES 


The Olfactory nerves (nn. olfactorii) are the nerves of smell, and are dis- 
tributed to the mucous membrane of the olfactory region of the nose: this 
region comprises the superior turbinated bone, and the corresponding part of the 
nasal septum. Usually described as arising from the under surface of the 
olfactory bulb which rests upon the cribiform plate of the ethmoid bone, the real 
origin of these nerves is to be looked for in the olfactory cells of the nasal 
mucous membrane, the central or deep processes of these cells being prolonged 
upwards as the nerves. The nerve filaments form a plexiform network in the 
mucous membrane, and are then collected into about twenty branches, which 
pierce the cribiform plate of the ethmoid bone in two groups, an outer and an 
inner, and terminate in the glomeruli of the olfactory bulb (see page 818). Each 
branch receives tubular sheaths from the dura mater and pia mater, the former 
being lost in the periosteum of the nose, the latter in the neurilemma of the nerve. 

The olfactory nerves differ in structure from other nerves in being composed 
exclusively of non-medullated fibres. They consist of axis-cylinders with a 
distinct, nucleated sheath, in which there are, however, fewer nuclei than in 
ordinary non-medullated nerve-fibres. 

The olfactory centre in the cortex is not definitely known. It is generally 
associated with the uncus of the hippocampal convolution, the trigonum olfac- 
torium, the part of the callosal convolution which lies below the genu and 
rostrum of the corpus callosum, and also the posterior olfactory lobule. 


Surgical Anatomy.—In severe injuries to the head, the olfactory bulb may become 
separated from the olfactory nerves, thus producing loss of smell (anosmia), and with 
this a considerable loss in the sense of taste, since much of the perfection of the sense of 
taste is due to the sapid substances being also odorous, and simultaneously exciting the 
sense of smell. 


Second NERVE (fig. 598) 


The Second or Optic nerve (n. opticus), the nerve of sight, is distributed 
exclusively to the eyeball. The nerves of opposite sides are connected together 
at the commissure, and from the back of the commissure they may he traced to 
the brain, under the name of the optic tracts. 

The optic tract, at its connection with the brain, is divided into two bands, 
external and internal. The external band is the larger; it arises from the 
external geniculate body and from the pulvinar of the optic thalamus, and is 
partly continuous with the brachium of the upper quadrigeminal body. The 
internal band curves round the crusta, and ends in the internal geniculate body ; 
its fibres are merely commissural, forming Gudden’s commissure. From this 
origin the tract winds obliquely across the under surface of the crus cerebri, in 
the form of a flattened band, and is attached to the crus by its anterior margin. 
Tt then assumes a cylindrical form, and, as it passes forwards, is connected with 
the tuber cinereum and lamina terminalis. It finally joins with the tract of the 
opposite side to form the optic commussure. 
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_ The commissure or chiasma, somewhat quadrilateral in form, rests upon the 
olivary eminence and on the anterior part of the diaphragma sella, being bounded, 
above, by the lamina terminalis; behind, by the tuber cinereum ; on either side, 
by the anterior perforated space. Within the commissure, the optic nerves of 
the two sides undergo a partial decussation. 

The fibres which form the inner margin of Fre. 598.—The left optic nerve and 
each tract and posterior part of the com- optic tracts. 

missure have no connection with the optic 
nerves. They simply pass across the com- 
missure from one hemisphere of the brain 
to the other, and connect the internal geni- 
culate bodies of the two sides. They are 
known as the commissure of Gudden. The 
remaining and principal part of the com- 
missure consists of two sets of fibres, 
crossed and uncrossed. The crossed, which 
are the more numerous, occupy the central 
part of the chiasma, and pass from the 
optic nerve of one side to the optic tract 
of the other, decussating in the commissure 
with similar fibres of the opposite optic 
nerve. The uncrossed fibres occupy the 
outer part of the chiasma, and pass from 
the nerve of one side to the tract of the 
same side.* 

The great majority of the fibres of the 
optic nerve consist of the afferent axons of nerve-cells in the retina. Some few, 
however, are efferent fibres, and grow out from the brain. The afferent fibres 
end in arborisations around the cells in the external geniculate body, pulvinar, 
and upper quadrigeminal body, which constitute the lower visual centres. 
From these nuclei other fibres are prolonged to the cortical visual centre, which, 
according to most observers, is situated in the cuneus, 
and probably also in the lingual lobule of the occipital Fra. s99.—Course of the 
lobe (see page 808). fibres in the optic com- 

It should be stated that some fibres are detached missure. 
from the optic tract, and pass through the crus cerebri 
to the nucleus of the third nerve. These fibres are 
small, and may be regarded as afferent branches for the 
Sphincter pupille and Ciliary muscles. Other fibres 





Uncrossed 





. . fibres 
pass to the cerebellum through its superior peduncles, SAS aie 
while others, again, are lost in the pons. ~ fores 


The optic nerves arise from the fore part of the  Commissure of Gudden 
commissure, and, diverging from one another, become - 
rounded in form and firm in texture, and are enclosed in a sheath derived from 
the pia mater and arachnoid. As each nerve passes through the corresponding 
optic foramen, it receives a sheath from the dura mater; and as it enters the 
orbit this sheath divides into two layers, one of which becomes continuous 
with the periosteum of the orbit; the other forms the proper sheath of the 
nerve, and surrounds it as far as the sclerotic. The nerve passes forwards and 
outwards through the cavity of the orbit, pierces the sclerotic and choroid coats 
at the back part of the eyeball, about one-eighth of an inch to the nasal side of 
its centre, and expands into the internal layer of the retina. A small artery, the 
arteria centralis reting, perforates the optic nerve a little behind the globe, and 
runs along its interior in a tubular canal of fibrous tissue. It supplies the inner 
surface of the retina, and is accompanied by corresponding veins. The retina 
is described with the anatomy of the eyeball. 


Surgical Anatomy.—The optic nerve is peculiarly liable to become the seat of 
neuritis or undergo atrophy in affections of the central nervous system, and as a rule the 
pathological relationship between the two affections is exceedingly difficult to trace. 
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* A specimen of congenital absence of the optic commissure is to be found in the 
Museum of the Westminster Hospital. See also Henle, Nervenlehre, p. 393, ed. 2. 


854 THE NERVOUS SYSTEM 


There are, however, certain points in connection with the anatomy of this nerve which 
tend to throw light upon the frequent association of these affections with intracranial 
disease : (1) From its mode of development, and from its structure, the optic nerve must 
be regarded as a prolongation of the brain-substance, rather than as an ordinary 

cerebro-spinal nerve. (2) As it 
Fic. 600.—Figure showing the course of the optic Passes from the brain, it receives 


nerve-fibres from the retina to the cerebral cortex. Sheaths from the three cerebral 
(Testut.) membranes, a perineural sheath 


from the pia mater; an inter- 
mediate sheath from the arach-. 
noid; and an outer sheath from 
the dura mater, which is also 
connected with the periosteum, 
as it passes through the optic 
foramen. These sheaths are 
separated from each other by 
spaces, which communicate with 
the subdural and subarachnoid 
spaces respectively. The inner- 
most or perineural sheath sends 
a process around the arteria 
centralis retinæ into the interior 
of the nerve, and enters inti- 
mately into its structure. Thus 
inflammatory affection of the 
meninges or of the brain may 
readily extend themselves along 
these spaces, or along the inter- 
stitial connective tissue in the 
nerve, 

The course of the fibres in 
the optic commissure has an 
important pathological bearing, 
and has been the subject of 
much controversy. Microscopic 
examination, experiments, and 
pathology all seem to point to 
the fact that there is a partial 
decussation of the fibres, each 
optic tract supplying the corre- 
sponding half of each eye, so 
that the right tract supplies the 
right half of each eye, and the 
left tract the left half of each 
eye. At the same time Charcot 
believes, and his view has met 
with general acceptation, that 
the fibres which do not decussate 


Bae ne. 7, x Ramee! roe d nas at the optic commissure have 
r . T’, N’. The same for therighteye, D, R i 

half, and s, left half of the field of vision. 1. Optic nerva with ing nt already decussated in the corpora 

direct fibres (in red); 1”, its crossed fibres (in yellow on the left. side, quadrigemina, so that lesion of 


in blue on the right), 2. Optic commissure. 3. The optic tract, with the ; i 
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THirp Nerve (figs. 601, 602, 603, 604) 


í — Third or Motor oculi nerve (n. octlo-motorius) supplies all the muscles 
of the orbit, except the Superior oblique and External rectus; it also supplies, 
through its connection with the ciliary ganglion, the Sphincter muscle of the 
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iris and the Ciliary muscle, It is rather a large nerve, of rounded form and 
firm texture. 

The fibres of the third nerve arise from a nucleus of cells which lies in the 
grey matter of'the fioor of the aqueduct of Sylvius on the level of the upper 
quadrigeminal body. The nucleus also extends in front of the aqueduct and 
reaches a short distance into the floor of the third ventricle. From their nucleus 
of origin the fibres pass forward through the tegmentum, the red nucleus and 
the inner part of the substantia nigra, forming a series of curves with their 
convexity outwards, and emerge in the oculo-motor sulcus on the inner side 
of the crus cerebri. ; 

The nucleus of the oculo-motor nerve does not consist of a continuous 
column of cells, but is broken up into a number of smaller nuclei, which may be 


Fra. 601.—Nerves of the orbit. Fre. 602.—Vigure showing the dif- 
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arranged in two groups, anterior and posterior. Those of the posterior group 
are six in number, five of which are symmetrical on the two sides of the middle 
line, while the sixth is centrally placed and is common to the nerves of both 
sides. The anterior group consists of two nuclei, an antero-internal and an 
ntero-external (fig. 602). 
; The nucleus Ps sia nerve gives fibres to the seventh nerve, which probably 
supply the Orbicularis palpebrarum, Gorrugator supereilii, and anteror belly of 
the Occipito-frontalis. It is also connected with the nuclei of the fourth and 
sixth nerves, with the cerebellum, upper quadrigeminal body and cortex of the 
ipital lobe of the cerebrum. 3 
oe Phe nnclons of the third nerve, considered from a physiological standpoint, 
ean be subdivided into several smaller groups of cells, each group controlling 
a particular muscle. The nerves to the different muscles appear to take their 
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igi ehind forwards, as follows: Inferior oblique, Inferior rectus, 
isc costar Levator palpebre, and Internal rectus; while from the anterior 
end of the nucleus the fibres for accommodation and for the Sphincter pupillæ 

origin, 

et ee from the brain, the nerve is invested with a sheath of pia mater, 
and enclosed in a prolongation from the arachnoid. It passes between the 
superior cerebellar and posterior cerebral arteries, and then pierces the dura 
mater in front of and external to the posterior clinoid process, passing between 
the free and attached borders of the tentorium, which are prolonged forwards 
to be connected with the anterior and posterior clinoid processes of the 
sphenoid bone. It passes along the outer wall of the cavernous sinus, above 
the other orbital nerves, receiving in its course one or two filaments from 
the cavernous plexus of the sympathetic, and a communicating branch from 


Fre. 603.—Plan of the motor oculi nerve. (After Flower.) 
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the first division of the fifth. It then divides into two branches, which enter 
the orbit through the sphenoidal fissure, between the two heads of the External 
rectus muscle. On passing through the fissure, the nerve is placed below the 
fourth and the frontal and lachrymal branches of the ophthalmic nerve, while the 
nasal nerve is placed between its two divisions. 

The superior division, the smaller, passes inwards over the optic nerve, and 
supplies the Superior rectus and Levator palpebræ. The inferior division, the 
larger, divides into three branches. One passes beneath the optic nerve to the 
Internal rectus; another, to the Inferior rectus; and the third, the longest of 
the three, runs forwards between the Inferior and External recti to the Inferior 
oblique. From this latter a short, thick branch is given off to the lower part of 
the lenticular ganglion, and forms its inferior root. All these branches enter the 
muscles on their ocular surface, with the exception of the nerve to the Inferior 
oblique, which enters the musele at its posterior border. 


Surgical Anatomy.—Paralysis of the third nerve may be the result of many causes: 
such as cerebral disease; or conditions causing pressure on the cavernous sinus; or 
periostitis of the bones entering into the formation of the sphenoidal fissure. It results, 
when complete, in (1) ptosis, or drooping of the upper eyelid, in consequence of the 
Levator palpebre being paralysed ; (2) external strabismus, on account of the unopposed 
action of the External rectus muscle, which is not supplied by the third nerve, and is 
not therefore paralysed ; (3) dilatation of the pupil, because the sphincter fibres of the iris 
are paralysed ; (4) loss of power of accommodation, as the Sphincter pupille, the Ciliar 
muscle, and the Internal rectus are paralysed; ( 5) slight prominence of the eyeball, 
owing to most of its muscles being relaxed. Occasionally paralysis may affect only a 
part of the nerve—that is to say, there may be, for example, a dilated and fixed pupil, 
with ptosis, but no other signs. Irritation of the nerve causes spasm of one or other of 
the muscles supplied by it; thus, there may be internal strabismus from spasm of the 
Internal rectus; accommodation for near objects only from spasm of the Ciliary muscle; 
or myosis, contraction of the pupil, from irritation of the Sphincter of the pupil. 
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Fourts Nerve (fig. 601) 


The Fourth or Trochlear nerve (n. trochlearis), the smallest of the cranial 
nerves, supplies the Superior oblique muscle of the eyeball. 

It arises from a nucleus of cells situated in the floor of the Sylvian aqueduct, 
opposite the upper part of the inferior quadrigeminal body. From its origin the 
nerve runs outwards and downwards through the tegmentum, and then turns 
backwards and inwards into the upper part of the valve of Vieussens. Here 
it decussates with the corresponding nerve of the opposite side and emerges 
from the surface of the velum at the side of the franulum veli, immediately 
behind the lower quadrigeminal body. 

Emerging from the valve of Vieussens, the nerve is directed outwards across 
the superior peduncle of the cerebellum, and then winds forwards round the 
outer side of the crus cerebri, immediately above the pons Varolii, pierces the 
dura mater in the free border of the tentorium cerebelli, just behind, and external 
to, the posterior clinoid process, and passes forwards in the outer wall of the 
cavernous sinus, between the third nerve and the ophthalmic division of the 
fifth. It crosses the third nerve and enters the orbit, through the sphenoidal 
fissure. It now becomes the highest of all the nerves, lying at the inner 
extremity of the fissure internal to the frontal nerve. In the orbit it passes 
inwards, above the origin of the Levator palpebre, and finally enters the 
orbital surface of the Superior oblique muscle. 

Branches of communication.—In the outer wall of the cavernous sinus the 
fourth nerve forms communications with the ophthalmic division of the fifth and 
with the cavernous plexus of the sympathetic. In the sphenoidal fissure it occa- 
sionally gives off a branch to the lachrymal nerve. Branches of distributwn.— 
It gives off a recurrent branch, which passes backwards between the layers of 
the tentorium, dividing into two or three filaments which may be‘traced as far 
back as the wall of the lateral sinus. 


Surgical Anatomy.—The fourth nerve when paralysed causes loss of function in the 
Superior oblique, so that the patient is unable to turn his eye downwards and outwards. 
Should the patient attempt to do this, the eye of the affected side is twisted inwards, 
producing diplopia or double vision. Accordingly, it is said that the first symptom of 
loss of function in this muscle is giddiness when going down hill or in descending stairs, 
owing to the double vision induced by the patient looking at his steps while descending. 


FIFTH NERVE 


The Fifth or Trifacial nerve (n. trigeminus) is the largest cranial nerve. It 
resembles a spinal nerve: (1) in arising by two roots, a motor and a sensory ; 
and (2) in having a ganglion developed on its sensory root. It is the great 
sensory nerve of the head and face, and the motor nerve of the muscles of 
mastication. It divides into three divisions: the first and second are entirely 
sensory, the third is partly sensory and partly motor. 

It emerges from the side of the pons Varolii, near its upper border, by a small 
motor and a large sensory root—the former being situated in front and to the 
inner side of the latter. 

The fibres of the motor root arise from two nuclei, an upper and a lower. 
The upper nucleus consists of a strand of cells which occupies the whole length of 
the lateral portion of the grey matter of the Sylvian aqueduct. The lower or 
chief nucleus is situated in the upper part of the pons Vavrolii, close to its dorsal 
surface, and along the line of the lateral margin of the fourth ventricle. The 
fibres from the upper nucleus constitute the mesencephalic or Sylvian root: they 
descend through the mid-brain, and, entering the pons, join with the fibres from 
the lower nucleus ; and the motor root, thus formed, passes forward through the 
pons to its point of emergence. l 

The fibres of the sensory root arise from the cells of the Gasserian ganglion, 
which lies in a cavity of the dura mater near the apex of the petrous part of the 
temporal bone. They pass backwards and inwards below the superior petrosal 
sinus and tentorium cerebelli, and entering the pons, divide into upper and lower 
roots. The upper root terminates partly in a nucleus which is situated in the 
pons on the outer side of the lower motor nucleus, and partly in the locus 
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s: the lower root descends through the pons and medulla, and ends 
on Tea part of the substantia gelatinosa of Rolando. This lower root is 
sometimes named the ascending root of the fifth nerve. p. 

The Gasserian ganglion occupies a cavity (cavum Meckelit) in the dura mater 
which is situated in a depression near the apex of the petrous part of the 
temporal bone. It is somewhat crescentic in shape, with its convexity directed 
forwards ; internally it is in relation with the internal carotid artery and the 
posterior part of the cavernous sinus. The motor root runs forwards and out- 
wards in front and to the inner side of the sensory root, and then passes below 
the ganglion without having any connection with it. It leaves the skull through 
the foramen ovale, and, immediately below this foramen, joins the inferior 
maxillary nerve. Besides the motor root, the large superficial petrosal nerve 
lies underneath the ganglion. l [a 

Branches of communication.—This ganglion receives, on its mner side, fla- 
ments from the carotid plexus of the sympathetic. Branches of distribution.—It 
gives off minute branches to the tentorium cerebelli and the dura mater, in the 
middle fossa of the cranium. From its convex border, which is directed for- 
wards and outwards, three large branches proceed, viz. : the ophthalmic, superior 
maxillary, and inferior maxillary. The ophthalmic and superior maxillary 
consist exclusively of fibres derived from the ganglion, and are solely nerves of 
common sensation. As already stated, the third division, or inferior maxillary, is 
joined outside the cranium by the motor root. This, therefore, strictly speaking, 
is the only portion of the fifth nerve which can be said to resemble a spinal 
nerve, 


OrstTHALMIC Nerve (figs. 601, 604, 605) 


The Ophthalmic (7. ophthalmicus), or first division of the fifth, is a sensory 
nerve. It supplies sensory branches to the cornea, ciliary muscle, and iris; the 
lachrymal gland, the conjunctiva ; a part of the mucous membrane of the nasal 
fossee ; and the integument of the eyebrow, forehead, and nose. It is the 
smallest of the three divisions of the fifth, and arises from the upper part of the 
Gasserian ganglion. It is a short, flattened band, about an inch in length, which 
passes forwards along the outer wall of the cavernous sinus, below the third and 
fourth nerves; just before entering the orbit, through the sphenoidal fissure, it 
divides into three branches, lachrymal, frontal, and nasal. 

Branches of communication.—The ophthalmic nerve is joined by filaments 
from the cavernous plexus of the sympathetic, and communicates with the third, 
fourth, and sixth nerves. 

Branches of disiribution.—The ophthalmic nerve gives off a recurrent filament 
which passes between the layers of the tentorium, and the nerve then divides into 


Lachrymal. Frontal. Nasal. 


The lachrymal is the smallest of the three branches of the ophthalmic. It 
sometimes receives a filament from the fourth nerve, but this is possibly derived 
from the branch of communication which passes from the ophthalmie to the 
fourth. It passes forwards in a separate tube of dura mater, and enters the orbit 
through the narrowest part of the sphenoidal fissure. In the orbit it runs along 
the upper border of the External rectus muscle, with the lachrymal artery, and 
communicates with the temporo-malar branch of the superior maxillary. It 
enters the lachrymal gland and gives off several filaments, which supply the 
gland and the conjunctiva. Finally, it pierces the superior palpebral ligament, 
and terminates in the integument of the upper eyelid, joining with filaments of 
the facial nerve, The lachrymal nerve is occasionally absent, when its place is 
taken by the temporal branch of the superior maxillary. Sometimes the latter 
branch is absent, and a continuation of the lachrymal is substituted for it. 

The frontal is the largest division of the ophthalmic, and may be regarded 
both from its size and direction, as the continuation of the nerve. It enters the 
orbit above the muscles, through the sphenoidal fissure, and runs forwards along 
the middle line, between the Levator palpebree and the periosteum. Midway 
between the apex and base of the orbit it divides into two branches, supra- 
trochlear and supra-orbital. 


The supratrochleav branch, the smaller of the two, passes inwards, above 
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the pulley of the Superior oblique muscle, and gives off a descending filament, 
which joins with the infratrochlear branch of the nasal nerve. It then escapes 
from the orbit between the pulley of the Superior oblique and the supra-orhital 
foramen, curves up on to the forehead close to the bone, ascends beneath the 
Corrugator supercilii and Occipito-frontalis muscles, and dividing into branches, 
which pierce these muscles, it supplies the integument of the lower part of the 
forehead on either side of the middle line and sends filaments to the conjunctiva 
and skin of the upper eyelid. 

The supra-orbital branch passes forwards through the supra-orbital foramen, 
and gives off, in this situation, palpebral filaments to the upper eyelid. It then 
ascends upon the forehead, and terminates in two branches, an inner and an 
outer, which supply the integument of the cranium, reaching nearly as far back 
as the parieto-occipital suture. They are at first situated beneath the Occipito- 
frontalis, the inner branch perforating the frontal portion of the muscle, the 
outer branch its tendinous aponeurosis. From its two branches, small twigs 
pass to the pericranium. 

The nasal nerve is intermediate in size between the frontal and lachrymal, 
and is more deeply placed than the other branches of the ophthalmic. Ib enters 
the orbit between the two heads of the External rectus, and extends obliquely 


Fie. 604.—Nerves of the orbit and ophthalmic ganglion. Side view. 
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inwards across the optic nerve, beneath the Superior rectus and Superior oblique 
muscles, to the inner wall of the orbit. Here it passes through the anterior 
ethmoidal foramen, and entering the cavity of the cranium, traverses a shallow 
groove on the front part of the cribriform plate of the ethmoid bone, and runs 
down, through the slit by the side of the crista galli, into the nose, where it 
divides into two branches, an internal and an external. The internal branch 
supplies the mucous membrane near the fore part of the septuin of the nose. 
The external branch descends in a groove on the inner surface of the nasal 
bone, and supplies a few filaments to the mucous membrane covering the fore 
pe of the outer wall of the nares as far as the inferior spongy bone; it then 
eaves the cavity of the nose, between the lower border of the nasal bone and the 
upper lateral cartilage, and, passing down beneath the Compressor nasi, supplies 
the integument of the ala and the tip of the nose, joining with the facial nerve. 

The branches of the nasal nerve are, the ganglionic, ciliary, and infra- 
trochlear. 

The ganglionic is a slender branch, about half an inch in dength, which 
usually arises from the nasal between the two heads of the External rectus. It 
passes forwards on the outer side of the optic nerve, and enters the postero- 
superior angle of the ciliary ganglion, forming its superior or long root. It is 
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sometimes joined by a filament from the cavernous plexus of the sympathetic, 
or from the superior division of the third nerve. 

The long ciliary nerves, two or three in number, are given off from the 
nasal as it crosses the optic nerve. They join the short ciliary nerves irom 
the ciliary ganglion, pierce the posterior part of the sclerotic, and running 
forwards between it and the choroid, are distributed to the Ciliary muscle, iris, 
and cornea. 

The infratrochlear branch is given off just before the nasal nerve enters the 
anterior ethmoidal foramen. It runs forwards along the upper border of the 
Internal rectus, and is joined, near the pulley of the Superior oblique, by a 
filament from the supratrochlear nerve. It then passes to the inner angle of 
the eye, and supplies the integument of the eyelids and side of the nose, the 
conjunctiva, lachrymal sac, and caruncula lachrymalis. 


OPHTHALMIC GANGLION (figs. 604, 605) 


Associated with the three divisions of the fifth nerve are four small ganglia. 
The ophthalmic ganglion is connected with the first division ; the spheno-palatune 
or Meckel’s ganglion with the second ; and the otic and submaxillary ganglia 
with the third. All the four receive sensory filaments from the fifth, and motor 
and sympathetic filaments from various sources ; these filaments are called the 
roots of the ganglia. 

The Ophthalmic, Lenticular, or Ciliary ganglion is a small, quadrangular, 
flattened ganglion, of a reddish-grey colour, and about the size of a pin’s head, 
situated at the back part of the orbit between the optic nerve and the External 
rectus muscle, lying generally on the outer side of the ophthalmic artery. It 
is R in a quantity of loose fat, which makes its dissection somewhat 
difficult. 

Its branches of communication, or roots, are three, all of which enter its 
posterior border. One, the long or sensory root, is derived from the nasal branch 
of the ophthalmic, and joins its postero-superior angle. The second, the short 
or motor root, is a short, thick nerve, occasionally divided into two parts, which 
is derived from the branch of the third nerve to the Inferior oblique muscle, and 
is connected with the postero-inferior angle of the ganglion. The third, the 
sympathetic root, is a slender filament from the cavernous plexus of the 
sympathetic. This is frequently blended with the long root, though it sometimes 
passes to the ganglion separately. According to Tiedemann, this ganglion 
receives a filament of communication from the spheno-palatine ganglion. 

Its branches of distribution are the short ciliary nerves. These are delicate 
filaments, from six to ten in number, which arise from the fore part of the 
ganglion in two bundles, connected with its superior and inferior angles ; the 
lower bundle is the larger. They run forwards with the ciliary arteries in a wavy 
course, one set above and the other below the optic nerve, and are accompanied 
by the long ciliary nerves from the nasal. They pierce the sclerotic at the back 
part of the globe, pass forwards in delicate grooves on its inner surface, and are 
distributed to the Ciliary muscle, iris, and cornea. Tiedemann has described 


a small branch’ as penetrating the optic nerve with the arteria centralis 
retinæ. 


SUPERIOR MaxırLaRy NERvE (fig. 606) 


The Superior maxillary (n. maxillaris), or second division of the fifth, is a 
sensory nerve. It is intermediate, both in position and size, between the 
ophthalrnic and inferior maxillary. It commences at the middle of the Gasserian 
ganglion as a flattened plexiform band, and passing horizontally forwards, 
it leaves the skull through the foramen rotundum, where it becomes more 
cylindrical in form, and firmer in texture. It then crosses the spheno-maxillary 
fossa, and inclines outwards on the back of the superior maxilla; it then enters 
the orbit through the spheno-maxillary fissure, traverses the infra-orbital canal 
in the floor of the orbit, and appears upon the face at the infra-orbital foramen.* 
At its termination, the nerve lies beneath the Levator labii superioris muscle, 


Pisin via it enters the infra-orbital canal, the nerve ig frequently called the infra- 
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Fic. 605.—Plan of the fifth cranial nerve. (After Flower.) 
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and divides into a leash of branches, which spread out upon the side of the 
nose, the lower eyelid, and upper lip, joining with filaments of the facial nerve. 

Branches of distribution.—The branches of this nerve may be divided into 
four groups, according as they are given off in the cranium, in the spheno- 
maxillary fossa, in the infra-orbital canal, or on the face. 


In the cranium . Meningeal. 
Orbital or temporo-malar. 
In the spheno-maxillary fossa ; Spheno-palatine. 
Posterior superior dental. 
| Middle superior dental. 


In the infra-orbital canal . | Anterior superior dental. 
{ Palpebral. 

On the face l , , - Nasal. 
(Labial. 


The meningeal branch is given off from the nerve directly after its origin 
from the Gasserian ganglion ; it accompanies the middle meningeal artery and 
supplies the dura mater. 

The orbital or temporo-malar branch arises in the spheno-maxillary fossa, 
enters the orbit by the spheno-maxillary fissure, and divides at the back of that 
cavity into two branches, temporal and malar. 

The temporal branch runs along the outer wall of the orbit in a groove in 
the malar bone, receives a branch of communication from the lachrymal, and, 
passing through a foramen in the malar bone, enters the temporal fossa. It 
ascends between the bone and substance of the Temporal muscle, pierces the 
temporal fascia about an inch above the zygoma, and is distributed to the 
integument covering the temple and side of the forehead, communicating with 
the facial and auriculo-temporal branch of the inferior maxillary nerve. As it 
pierces the temporal fascia, it gives off a slender twig, which runs between the 
two laycrs of the fascia to the outer angle of the orbit. 

The malar branch passes along the external inferior angle of the orbit, 
emerges upon the face through a foramen in the malar bone, and, perforating 
the Orbicularis palpebrarum muscle, supplies the skin on the prominence of 
the cheek, and is named subcutaneus male. It joins with the facial nerve and 
with the palpebral branches of the superior maxillary. 

te spheno-palatine branches, two in number, descend to the spheno-palatine 
ganglion, 

The posterior superior dental branches arise from the trunk of the nerve 
just as it is about to enter the infra-orbital canal; they are generally two in 
number, but sometimes arise by a single trunk, and immediately divide and 
pass downwards on the tuberosity of the superior maxillary bone. They give 
off several twigs to the gums and neighbouring parts of the mucous membrane 
of the cheek (superior gingival branches). They then enter the posterior dental 
canals on the zygomatic surface of the superior maxillary bone, and, passing 
from behind forwards in the substance of the bone, communicate withthe middle 
dental nerve, and give off branches to the lining membrane of the antrum and 
three twigs to each of the molar teeth. These twigs enter the foramina at 
the apices of the fangs, and supply the pulp. 

The middle superior dental branch is given off from the superior maxillary 
nerve in the back part of the infra-orbital canal, and runs downwards and 
forwards in a special canal in the outer wall of the antrum to supply the 
two bicuspid teeth. It communicates with the posterior and anterior dental 
branches. At its point of communication with the posterior branch is a slight 
thickening which has received the name of the ganglion of Valentin; and at 
its point of communication with the anterior branch is a second enlargement 
which is called the ganglion of Bochdalek. It is probable that neither of these 
1s a true ganglion. 

The anterior superior dental branch, of considerable size, is given off from 
the superior maxillary nerve just before its exit from the infra-orbitel foramen ; 
it enters a special canal in the anterior wall of the antrum, and divides into a 
series of branches which supply the incisor and canine teeth. It communicates 
with the middle dental nerve, and gives off a nasal branch, which passes through 
a minute canal into the nasal fossa, and supplies the mucous membrane of the 
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fore part of the inferior meatus and the floor of this cavity, communicating with 
the nasal branches from Meckel’s ganglion. 

The palpebral branches pass upwards beneath the Orbicularis palpebrarum. 
They supply the integument and conjunctiva of. the lower eyelid, joining at the 
outer angle of the orbit with the facial nerve and malar branch of the orbital. 


Fre. 606.— Distribution of the second and third divisions of the fifth nerve 
and submaxillary ganglion. 
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The nasal branches pass inwards ; they supply the integument of the side of 
the nose, and join with the nasal branch of the ophthalmic. 

The labial branches, the largest and most numerous, descend beneath the 
Levator labii superioris, and are distributed to the integument of the upper lip, 
the mucous membrane of the mouth, and labial glands. 

All these branches are joined, immediately beneath the orbit, by filaments 
from the facial nerve, forming an intricate plexus, the infra-orbital. 


SPHENO-PALATINE GANGLION (fig. 607) 


The spheno-palatine ganglion (Meckel’s), the largest of the cranial ganglia, is 
deeply placed in the spheno-maxillary fossa, close to the spheno-palatine foramen. 
It is triangular or heart-shaped, of a reddish-grey colour, and is situated just 
below the superior maxillary nerve as it crosses the fossa. 

Branches of communication.—Like the other ganglia of the fifth nerve, the 
spheno-palatine possesses a motor, a sensory, anda sympathetic root. Its sensory 
root is derived from the superior maxillary nerve through its two spheno-palatine 
branches. ‘These branches of the nerve, given off in the spheno-maxillary fossa, 
descend to the ganglion. Their fibres, for the most part, pass in front of the 
ganglion, as they proceed to their destination, in the palate and nasal fossa, and 
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ioni he fibres, however 
incorporated in the ganglionic mass; some few of t 38, p 
E ia rA constituting its sensory root. Its motor ce is aah 
derived from the facial nerve through the large superficial petrosa nong u 5 
nerve consists chiefly of sensory fibres ; and its sympathetic root, from t e een 
plexus, through the large deep petrosal nerve. These two nerves join together 
to form a single nerve, the Vidian, before their entrance into the ganglion. 
The large superficial petrosal branch (nervus petrosus superficialis co 
is given off from the geniculate ganglion of the facial nerve in the aque = 
Fallopii; it passes through the hiatus Fallopii; enters the cranial cavity, an 
runs forwards contained in a groove on the anterior surface of the petrous 
portion of the temporal bone, lying beneath the dura mater. It then enters the 
cartilaginous substance which fills in the foramen lacerum medium, and Joining 
with the large deep petrosal branch forms the Vidian nerve. a 
The large deep petrosal branch (nervus petrosus profundus) is given o cam 
the carotid plexus, and runs through the carotid canal on the outer side of the 


Fra. 607.—The spheno-palatine ganglion and its branches. 
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internal carotid artery. It then enters the cartilaginous substance which fills in 
the foramen lacerum medium, and joins with the large superficial petrosal nerve 
to form the Vidian. 

The Vidian nerve, formed in the cartilaginous substance which fills in the 
middle lacerated foramen by the junction of the two preceding nerves, passes 
forwards, through the Vidian canal, with the artery of the same name, and is 
joined by a small ascending branch, the sphenoidal branch, from the otic 
ganglion. Finally, it enters the spheno-maxillary fossa, and joins the posterior 
angle of Meckel’s ganglion. : 


Branches of distribution.—These are divisible into four groups, viz. : ascending 
branches, which pass to the orbit; descending, to the palate ; internal, to the 
nose ; and posterior, to the pharynx and nasal fosse. 

The ascending branches are two or three delicate filaments, which enter the 
orbit by the spheno-maxillary fissure, and supply the periosteum. According to 
Luschka, some filaments pass through foramina in the suture between the os 
planum of the ethmoid and frontal bones to supply the mucous membrane of the 
posterior ethmoidal and sphenoidal sinuses. 
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The descending or palatine branches are distributed to the roof of the mouth, 
the soft palate, tonsil, and lining membrane of the nose. They are almost a 
direct continuation of the spheno-palatine branches of the superior maxillary 
nerve, and are three in number : anterior, middle, and posterior. 

The anterior or large palatine nerve descends through the posterior palatine 
canal, emerges upon the hard palate at the posterior palatine foramen, and 
passes forwards in a groove in the hard palate, nearly as far as the incisor 
teeth. It supplies the gums, the mucous membrane and glands of the hard 
palate, and communicates in front with the termination of the naso-palatine 
nerve. While in the posterior palatine canal, it gives off inferior nasal branches, 
which enter the nose through openings in the palate bone, and ramify over the 
inferior turbinated bone and middle and inferior meatuses ; and, at its exit from 
the canal, a palatine branch is distributed to both surfaces of the soft palate. 

The middle or external palatine nerve descends, through one of the accessory 
palatine canals, distributing branches to the uvula, tonsil, and soft palate. It is 
occasionally wanting. 

The posterior or small palatine nerve descends with a minute artery through 
the small posterior palatine canal, emerging by a separate opening behind the 
posterior palatine foramen. It supplies the soft palate, tonsil, and uvula, and 
was formerly believed to supply the Levator palati and Azygos uvule muscles, 
but these are probably supplied by the spinal accessory through the pharyngeal 
plexus. The middle and posterior palatine join with the tonsillar branches of 
the glosso-pharyngeal to form a plexus around the tonsil (circulus tonsillaris). 

The internal branches are distributed to the septum and outér wall of the 
nasal fossæ. They are the superior nasal and the naso-palatine. 

The superior nasal branches, four or five in number, enter the back part of the 
nasal fossa by the spheno-palatine foramen. They supply the mucous membrane 
covering the superior and middle spongy bones, and the lining of the posterior 
ethmoida!l cells, a few being prolonged to the upper and back part of the septum. 

The naso-palatine nerve (Cotunniaus) also enters the nasal fossa through the 
spheno-palatine foramen, and passes inwards across the roof of the nose, below 
the orifice of the sphenoidal sinus, to reach the septum ; it then runs obliquely 
downwards and forwards along the lower part of the septum, to the anterior 
palatine foramen, lying between the periosteum and mucous membrane. It 
descends to the roof of the mouth through the anterior palatine canal. The two 
nerves are here contained in separate and distinct canals, situated in the inter- 
maxillary suture, and termed the foramina of Scarpa, the left nerve being anterior 
to the right one. In the mouth, they become united, supply the mucous mem- 
brane behind the incisor teeth, and join with the anterior palatine nerves. The 
naso-palatine nerve furnishes a few small filaments to the mucous membrane of 
the septum. . 

Posterior branch.—The pharyngeal nerve is a small branch arising from the 
back part of the ganglion. It passes through the pterygo-palatine canal with the 
pterygo-palatine artery, and is distributed to the mucous membrane of the upper 
part of the pharynx, behind the Eustachian tube. 


INFERIOR MAXILLARY NERVE (fig. 606) 


The Inferior maxillary nerve (n. mandibularis) distributes branches to the 
teeth and gums of the lower jaw, the integument of the temple and external ear, 
the lower part of the face and lower lip, and the muscles of mastication; it also 
supplies a large branch to the tongue. It is the largest of the three divisions 
of the fifth, and is made up of two roots: a large or sensory root proceeding from 
the inferior angle of the Gasserian ganglion ; and a small or motor root, which 
passes beneath the ganglion, and unites with the sensory root, just after its exit 
from the skull through the foramen ovale. Immediately beneath the base of the 
skull, this nerve divides into two trunks, anterior and posterior. Previous to its 
division, the primary trunk gives off from its inner side a recurrent (meningeal) 
branch, and the nerve to the Internal pterygoid muscle. 

The recurrent branch is given off directly after its exit from the foramen 
ovale. It passes backwards into the skull through the foramen spinosum with 
the middle meningeal artery. It divides into two branches, anterior and posterior, 
which accompany the main divisions of the artery and supply the dura a 

3 


866 THE NERVOUS SYSTEM 


The posterior branch also supplies the mucous lining of the mastoid cells. The 
anterior branch communicates with the meningeal branch of the superior 
maxillary nerve. ie: : 

The internal pterygoid nerve, given off from the inferior maxillary, previous 
to its division, is intimately connected at its origin with the otic ganglion. It is 
a slender branch, which passes inwards to enter the deep surface of the Internal 
pterygoid muscle. 

The anterior and smaller division, which receives nearly the whole of the 
motor root, divides into branches which supply the muscles of mastication and 
the skin and mucous membrane of the cheek. They are, the masseteric, deep 
temporal, long buccal, and external pterygoid. 

The masseteric branch passes outwards, above the External pterygoid muscle, 
in front of the temporo-mandibular articulation and behind the tendon of the 
Temporal muscle ; it crosses the sigmoid notch with the masseteric artery, to the 
deep surface of the Masseter muscle, in which it ramifies nearly as far as its 
anterior border. It gives a filament to the temporo-mandibular joint. 

The deep temporal branches are two in number, anterior and posterior. They 
pass above the upper border of the External pterygoid muscle and enter the dee 
surface of the Temporal muscle. The posterior branch, of small size, is place 
at the back of the temporal fossa. It sometimes arises from the masseteric 
branch. The anterior branch is frequently given off from the buccal nerve, and 
then passes upwards over the upper head of the External pterygoid muscle. 
Frequently a third branch nage deep temporal) is present. 

The long buccal branch passes forwards between the two heads of the 
External pterygoid, and] downwards beneath or through the fibres of the 
Temporal muscle, and emerges from under the anterior border of the Masseter 
to reach the surface of the Buccinator, upon which it unites with the buccal 
branches of the facial nerve. It gives a branch to the External pterygoid durin 
its passage through that muscle, and may give off the anterior deep tempora 
nerve. The long buccal branch supplies the integument over the Buccinator 
muscle, and the mucous membrane lining its inner surface. 

The external pterygoid nerve frequently arises in conjunction with the long 
buccal, but it may be given off separately from the anterior trunk of the nerve. 
Tt enters the muscle on its inner surface. 

The posterior and larger division of the inferior maxillary nerve is for the 
most part sensory, but receives a few filaments from the motor root. It divides 
into three branches: auriculo-temporal, lingual (gustatory), and inferior dental. 

The auriculo-temporal nerve generally arises by two roots, between which 
the middle meningeal artery passes. It runs backwards beneath the External 
pterygoid muscle to the inner side of the neck of the lower jaw. It then turns 
upwards with the temporal artery, between the external ear and condyle of the 
Jaw, under cover of the parotid gland, and, escaping from beneath this structure, 
ascends over the zygoma, and divides into two temporal branches. 

The auriculo-temporal nerve communicates with the facial and with the otic 
ganglion. The branches of communication with the facial, usually two in 
number, pass forwards, from behind the neck of the condyle of the jaw, to join 
this nerve at the posterior border of the Masseter muscle. They form one of 
the principal branches of communication between the facial and the fifth nerve. 
The filaments of communication with the otic ganglion are derived from the 
commencement of the auriculo-temporal nerve. 

The branches of distribution of the auriculo-temporal nerve are: 


Anterior auricular. Articular. 
Branches to the meatus auditorius. Parotid. 
Superficial temporal. 


The anterior auricular branches are usually two in number. They supply 
the front of the upper part of the pinna, being distributed principally to the skin 
covering the front of the helix and tragus, 

Branches to the meatus auditorius, two in number, enter the canal between 
the bony and cartilaginous portion of the meatus. They supply the skin lining 
the meatus ; the upper one sending a filament to the membrana tympani. 


A branch to the temporo-mandibular articulation. is usually derived from the 
auriculo-temporal nerve. 
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The parotid branches supply the parotid gland. 

The superficial temporal accompanies the temporal artery to the vertex of the 
skull, and supplies the integument of the temporal region, communicating with 
the facial nerve, and the temporal branch of the temporo-malar, from the 
superior maxillary. 

The lingual nerve (gustatory) supplies the mucous membrane of the anterior 
two-thirds of the tongue, and is deeply placed throughout the whole of its course. 
It lies at first beneath the External pterygoid muscle, together with the inferior 
dental nerve, being placed to the inner side and in front of this nerve, and is 
occasionally joined to it by a branch which may cross the internal maxillary 
artery. The chorda tympani also joins it at an acute angle in this situation. 
The nerve then passes between the Internal pterygoid muscle and the inner side 
of the ramus of the jaw, and crosses obliquely to the side of the tongue over the 
Superior constrictor and Stylo-glossus muscles, and then between the Hyo- 
glossus muscle and deep part of the submaxillary gland ; it finally runs across 
Wharton’s duct, and along the tongue to its apex, lying immediately beneath 
the mucous membrane. 

The branches of communication are with the facial (through the chorda 
tympani), the inferior dental and hypoglossal nerves, and the submaxillary 
ganglion. The branches to the submaxillary ganglion are two or three in 
number; those connected with the hypoglossal nerve form a plexus at the 
anterior margin of the Hyo-glossus muscle. 

The branches of distribution supply the mucous membrane of the mouth, the 
gums, the sublingual gland, and the mucous membrane of the anterior two-thirds 
of the tongue; the terminal filaments communicate, at the tip of the tongue, 
with the hypoglossal nerve. 

The inferior dental is the largest of the three branches of the inferior 
maxillary nerve. It passes downwards with the inferior dental artery, at first 
beneath the External pterygoid muscle, and then between the internal lateral 
ligament and the ramus of the jaw to the dental foramen. It then passes 
forwards in the dental canal of the inferior maxillary bone, lying beneath the 
teeth, as far as the mental foramen, where it divides into two terminal branches, 
incisor and mental. 

The branches of the inferior dental are, the mylo-hyoid, dental, incisive, and 
mental, 

The mylo-hyoid is derived from the inferior dental just as that nerve is about 
to enter the dental foramen. It descends in a groove on the inner surface of the 
ramus of the jaw, in which it is retained by a process of fibrous membrane. It 
reaches the under surface of the Mylo-hyoid muscle, which it supplies together 
with the anterior belly of the Digastric. 

The dental branches supply the molar and bicuspid teeth. They correspond 
in number to the fangs of those teeth: each nerve entering the orifice at the 
point of the fang, and supplying the pulp of the tooth. 

The incisive branch is continued onwards within the bone to the middle line, 
and supplies the canine and incisor teeth. 

The mental branch emerges from the bone at the mental foramen, and divides 
beneath the Depressor anguli oris into three branches ; one descends to supply 
the skin of the chin, and sometimes two ascend to supply the skin and mucous 
membrane of the lower lip. These branches communicate freely with the facial 
nerve. 

Two small ganglia are connected with the inferior maxillary nerve: the otic 
with the trunk of the nerve; and the submaxillary with its lingual branch. 


Otic GANGLION (fig. 608) 


The Otic ganglion (Arnold's) is a small, oval-shaped, flattened ganglion of a 
reddish-grey colour, situated immediately below the foramen ovale, on the inner — 
surface of the inferior maxillary nerve, surrounding the origin of the internal 
pterygoid nerve. It is in relation, externally, with the trunk of the inferior 
maxillary nerve, at the point where the motor root joins the sensory portion ; 
internally, with the cartilaginous part of the Eustachian tube, and the origin of 
the Tensor palati muscle ; behind it is the middle meningeal artery. 

Branches of communication.—This ganglion is connected with the internal 
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j h of the inferior maxillary nerve by two or three short, delicate 
— P Prom this it may obtain a motor root, and possibly aiji a pana) 
root, as these filaments from the nerve to the Internal peyan Parca contain 
sensory fibres. It communicates with the glosso-pharyngeal and facia ral 
through the small superficial petrosal nerve continued from the ie p asie 
and through this communication it probably receives its sensory root from ni 
glosso-pharyngeal and its motor root from the facial ; its b: B a a 
the sympathetic is effected by a filament from the plexus surrounding the mi A 
meningeal artery. The ganglion also communicates with the auriculo-tempora 


Fic. 608.—The otic ganglion and its branches. 





nerve by a branch which is probably derived from the glosso-pharyngeal, and 
which passes to the ganglion, and through it and the auriculo-temporal nerve 
to the parotid gland. A slender filament (sphenoidal) ascends from it to the 
Vidian nerve, and a small branch communicates with the chorda tympani. 

Its branches of distribution are, a filament to the Tensor tympani, and one 
to the Tensor palati. The former passes backwards, on the outer side of the 
Eustachian tube; the latter arises from the ganglion, near the origin of the 
internal pterygoid nerve, and passes forwards. The fibres of these nerves are, 
however, mainly derived from the nerve to the Internal pterygoid muscle. 


SUBMAXILLARY GANGLION (fig. 606) 


The Submaxillary ganglion is of small size, fusiform in shape, and situated 
above the deep portion of the submaxillary gland, on the Hyo-glossus muscle, 
near the posterior border of the Mylo-hyoid ; it is connected by filaments with 
the lower border of the lingual (gustatory) nerve. 

Branches of communication.—This ganglion is suspended from the lingual 
(gustatory) nerve by two filaments which join the front and back parts of the 
ganglion. It also receives a branch from the chorda tympani of the facial, and 
communicates with the sympathetic by filaments from the sympathetic plexus 
around the facial artery. 

Branches of distributton.—These are five or six in number; they arise from 
the lower part of the ganglion, and supply the mucous membrane of the mouth 
and Wharton's duct, some being lost in the submaxillary gland. The branch of 
communication from the lingual to the fore part of the ganglion is by some 
regarded as a branch of distribution, by which filaments of the chorda tympani 


pass from the ganglion to the nerve, and by it are conveyed to the sublingual 
gland and the tongue. 
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Surface Marking.—Ii will be seen from the above description that the terminal 
branches of the three divisions of the fifth nerve emerge from foramina on to the 
face: the terminal branch of the first division emerging through the supra-orbital 
foramen; that of the second through the infra-orbital foramen; and the third through 
the mental foramen. The supra-orbital-foramen is situated at the junction of the 
internal and middle thirds of the supra-orbital arch. If a straight line is drawn from 
this point to the lower border of the inferior maxillary bone, so that it passes between 
the two bicuspid teeth of the lower jaw, it will pass over the infra-orbital and mental 
foramina; the former being situated about one centimetre (two-fifths of an inch) below 
the margin of the orbit, and the latter varying in position according to the age of 
the individual. In the adult it is midway between the upper and lower borders of 
the inferior maxillary bone; in the child it is nearer the lower border, and in the 
edentulous jaw of old age it is close to the upper margin. 

Surgical Anatomy.—The fifth nerve may be injured in its entirety; or its sensory or 
motor root or one of its primary main divisions may be alone implicated. In injury 
to the sensory root there is anesthesia of the half of the face on the side of the lesion, 
with the exception of the skin over the parotid gland; insensibility of the conjunctiva, 
followed by destructive inflammation of the cornea, partly from loss of trophic influence, 
and partly from the irritation produced by the presence of foreign bodies on it, which are 
not perceived by the patient, and therefore not expelled by the act of winking; dryness 
of the nose, loss to a considerable extent of the sense of taste, and diminished secretion of 
the lachrymal and salivary glands. In injury to the motor root, there is impaired action 
of the lower jaw, from paralysis of-the muscles of mastication on the affected side. 

The fifth nerve is often the seat of neuralgia, and each of the three divisions has 
been divided, or a portion of the nerve excised, for this affection. The supra-orbital 
nerve may be exposed by making an incision an inch and a half in length along the 
supra-orbital margin below the eyebrow, which is to be drawn upwards, the centre of the 
incision corresponding to the supra-orbital notch. The skin and Orbicularis palpebrarum 
having been divided, the nerve can be easily found emerging from the notch, and lying 
in some loose cellular tissue. It should be drawn up by a blunt hook and divided, or, 
what is better, a portion of it removed. The infra-orbital nerve has been divided at its 
exit by an incision on the cheek ; or the floor of the orbit has been exposed, the infra- 
orbital canal opened up, and the anterior part of the nerve resected; or the whole nerve, 
together with Meckel’s ganglion as far back as the foramen rotundum, has been removed. 
This latter operation, though undoubtedly a severe proceeding, appears to have been fol- 
lowed by the best results. The operation is performed as follows: the superior maxillary 
bone is first exposed by a T-shaped incision, one limb passing along the lower margin of 
the orbit, the other. from the centre of this vertically down the cheek to the angle of 
the mouth. The nerve is to be found, divided, and a piece of silk tied to it as a guide. 
A small trephine (half-inch) is applied to the bone, below, but including the infra-orbital 
foramen, and the antrum opened. The trephine is now applied to the posterior wall of the 
antrum, and the spheno-maxillary fossa exposed. The infra-orbital canal is opened up 
from below by fine cutting-pliers or a chisel, and the nerve drawn down into the trephine 
hole, it being held on the stretch by means of the piece of silk; it is severed with fine 
curved scissors as near the foramen rotundum as possible, any branches coming off from 
the ganglion being also divided.” The mental branch of the inferior dental nerve has 
been divided at its exit from the foramen by an incision made through the mucous 
membrane where it is reflected from the alveolar process on to the lower lip ; or a portion 
of the trunk of the inferior dental nerve has been resected by an incision on the cheek 
through the Masseter muscle, exposing the outer surface of the ramus of the jaw. A 
trephine was then applied over the position of the inferior dental foramen and the outer 
table removed, so as to expose the inferior dental canal. The nerve was dissected out of 
the portion of the canal exposed, and, having been divided after its exit from the mental 
foramen, it was, by traction on the end exposed in the trephine hole, drawn out entire, 
and cut off as high up as possible.t The inferior dental nerve has also been divided 
by an incision within the mouth, the bony point guarding the inferior dental foramen 
forming the guide to the nerve. The buccal nerve may be divided by an incision 
through the mucous membrane of the mouth and the Buccinator just in front of the 
anterior border of the ramus of the lower jaw (Stimson) pom 

The lingual (gustatory) nerve is occasionally divided with the view of relieving the 
pain in cancerous disease of the tongue. This may be done in that part of its course 
where it lies below and behind the last molar tooth. If a line is drawn from the middle 
of the crown of the last molar tooth to the angle of the jaw it will cross the nerve, which 
lies about half an inch behind the tooth, parallel to the bulging alveolar ridge on the 
inner side of the body of the bone. If the knife is entered three-quarters of an inch 
behind and below the last molar tooth, and carried down to the bone, the nerve will be 
divided. Hilton divided it opposite the second molar tooth, where it 1s covered only by 
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the mucous membrane, and Lucas pulls the tongue forwards and over to the opposite 
side, when the nerve can be seen standing out asta firm cord under the mucous membrane 
by the side of the tongue, and can be easily seized with a sharp hook and divided, or a 
portion excised. This is a simple enough operation on the cadaver, but when the disease 
is extensive and has extended to the floor of the mouth, as is generally the case when 
division of the nerve is required, the operation is not practicable. Kocher, in order to 
avoid a wound in the mouth, advises that division of the lingua] nerve should be performed 
from without. He makes an incision from just below the tip of the mastoid process to 
the middle of the hyoid bone, so that it passes an inch below and behind the angle of the 
jaw. He divides the skin, superficial fascia, Platysma, and deep fascia, and thus exposes 
the submaxillary gland. This structure is then turned upwards, and the lingual nerve 
will be found lying on the Hyo-glossus muscle. 

In some cases of neuralgia of the fifth nerve, when all other operative measures have 
failed, the Gasserian onlin has been removed in whole or in part with a certain 
measure of success. Rose was the first to perform this operation; and he reached the 
ganglion by trephining tho base of the skull in the position of the foramen ovale, after 
dividing the zygomatic arch, in front and behind, and turning it and the Masseter muscle 
downwards, and cutting through the coronoid process of the lower jaw, and turning it 
and the Temporal muscle upwards. A more efficient method appears to be that known 
as the Krause-Hartley method. The bone forming the temporal fossa having been 
removed to a sufficient extent, the temporal lobe of the brain, with the dura mater, is 
gradually raised from the middle fossa, until the foramen spinosum, with the middle 
meningeal artery passing through: it, is exposed. ‘This vessel is to be ligatured in two 
places and divided between the ligatures; and then by further raising the temporal 
lobe, the foramina ovale and rotundum will be exposed, with the second and third 
divisions of the fifth nerve passing through them. These nerves are to be clearly 
defined and divided. The dura mater is then to be raised from the ganglion, when the 
ophthalmic nerve will be exposed and must be divided, and the ganglion, by means of 
a little careful dissection, raised from its bed and removed. 


SixtH NERVE (fig. 604) 


we Sixth or Abducent nerve supplies the External rectus muscle of the 
eyeball. 

Its fibres arise from a small nucleus situated in the upper part of the floor of 
the fourth ventricle, close to the middle line and beneath the eminentia teres. 
They pass downwards and forwards through the pons, and emerge in the furrow 
between the lower border of the pons and the upper end of the pyramid of the 
medulla oblongata. 

From the nucleus of the sixth nerve fibres pass through the posterior longi- 
tudinal bundle to the oculo-motor nerve of the opposite side, along which they 
are carried to the Internal rectus muscle. The External rectus of one eye and 
the Internal rectus of the other may therefore be said to receive their nerves from 
the same nucleus—a factor of great importance in connection with the conjugate 
movements of the eyeball, and one that may explain certain paralytic phenomena 
of the Recti muscles, which are often associated with lesions in the pons. 

The nerve pierces the dura mater on the basilar surface of the sphenoid 
bone, runs through a notch immediately below the posterior clinoid process, and 
enters the cavernous sinus. It passes forwards through the sinus, lying on 
the outer side of the internal carotid artery. It enters the orbit through the 
sphenoidal fissure, and lies above the Ea vein, from which it is separated 
by a lamina of dura mater. It then passes between the two heads of the 
External rectus, and is distributed to that muscle on its ocular surface. 

Branches of communication.—The sixth nerve is joined by several filaments 
from the carotid and cavernous plexuses, and by one from the ophthalmic nerve. 

The sixth nerve, together with the third, fourth, and the ophthalmic division 
of the fifth, as they pass to the orbit, bear a certain relation to each other in the 
cavernous sinus, at the sphenoidal fissure, and in the cavity of the orbit, which 
will now be described. 

In the cavernous sinus (fig. 519), the third, fourth, and ophthalmic division of 
the fifth are placed on the outer wall of the sinus, in their numerical order, 
both from above downwards, and from within outwards. The sixth nerve lies at 
the outer side of the internal carotid artery. As these nerves pass forwards to 
the sphenoidal fissure, the third and fifth nerves become divided into branches, 


and the sixth approaches the rest; so that thei i iti 
considerably a ; at their relative position becomes 
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_ In the sphenoidal fissure (fig. 610), the fourth, and the frontal and lachrymal 
divisions of the ophthalmic lie upon the same plane, the first being most 
internal, the last external; and they enter the cavity of the orbit above the 
Fia. 


showing the Fie. 6r0.—Relations of structures passing 


through the sphenoidal fissure. 


609.—F igure 


mode of innervation of the In- 
ternal and External recti muscles 
of the eye, after Duval and 
Laborde. 
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Frontal j 
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muscles. The remaining nerves enter the 
orbit between the two heads of the External 
rectus. The superior division of the third 
is the highest of these ; beneath this lies the 
nasal branch of the ophthalmic; then the 
inferior division of the third; and the sixth 
lowest of all. 

In the orbit, the fourth, and the frontal 
and lachrymal divisions of the ophthalmic 
lie on the same plane immediately beneath the 
periosteum, the fourth nerve being internal 
and resting on the Superior oblique, the 
frontal resting on the Levator palpebræ, and 
the lachrymal on the External rectus. Next 
in order comes the superior division of the 





a. Left eyeball. b. Right eyeball. x, 1. Exter- 


nal rectus muscle, 2. Internal rectus muscle, 
3. Floor of fourth ventricle. 4. Nucleus of 
sixth nerve. 5. Nucleus of third nerve. 
6. Bixth nerve. 7. Nerve to Internal rectus 
arising from the nucleus of the third nerve of 
the same side. 7’, The nerve to the Internal 
rectus of the other side arising from the 
opposite nucleus. 8. Decussation of the 
fibres of sixth nerve to Internal recti, 


it and the External rectus. 


third nerve lying immediately beneath the 
Superior rectus, and then the nasal branch of 
the ophthalmic, crossing the optic nerve to 
reach the inner side of the orbit. Beneath 
these is found the optic nerve, surrounded in 
front by the ciliary nerves, and having the 
lenticular ganglion on its outer side, between 


Below the optic are the inferior division of the 


third, and the sixth, the latter lying on the outer side of the orbit. 


Surgical Anatomy.—The sixth nerve is more frequently involved in fractures of the 
base of the skull than any of the other cranial nerves. The result of paralysis of this 
nerve is internal or convergent squint. Diplopia is also present. When injured so that 
its function is destroyed, there is, in addition to the paralysis of the External rectus 
muscle, often a certain amount of contraction of the pupil, because some of the sympathetic 
fibres to the radiating muscle of the iris are conveyed through this nerve. 


SEVENTH Nerve (figs. 611, 642, 613) 


The Seventh or Facial nerve, like the fifth, consists of a motor root, which is 
usually described as the facial nerve, and a sensory root, which is named the 
pars intermedia. The two roots emerge separately at the lower border of the 
pons Varolii in the recess between the olivary and restiform bodies, the motor 
root being the more internal; immediately to the outer side of the sensory root 
is the auditory nerve. 

The motor root supplies the muscles of the face, scalp and pinna, the 
Buccinator and Platysma, the Stylo-hyoid and posterior belly of the Digastric, 
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and the Stapedius muscle of the tympanic cavity. The sensory root is the nerve 
of taste for the anterior two-thirds of the tongue, and the vaso-dilator nerve of 
the submaxillary and sublingual glands. Sh. 

The motor root takes origin from a nucleus of cells which lies deeply in the 
reticular formation of the lower part of the pons Varolii. This nucleus is 
situated above the nucleus ambiguus, behind the superior olive and internal to 
the lower sensory root of the fifth nerve. From this origin the fibres pursue a 
curved course in the substance of the pons. They first pass backwards and 
inwards towards the floor of the fourth ventricle, and, reaching the posterior 
extremity of the nucleus of the sixth nerve, run upwards close to the middle 
line beneath the eminentia teres. At the anterior end of the nucleus of the 
sixth nerve they make a second bend, and run downwards and forwards 
through the pons to their point of emergence between the olivary and restiform 
bodies. 

From the nucleus of the third nerve some fibres arise which descend in the 
posterior longitudinal fasciculus and join the motor root of the facial nerve 
before it leaves the pons. These fibres are said to supply the Orbicularis 
palpebrarum, Corrugator supercilii, and anterior belly of the Occipito-frontalis, 
as these muscles have been observed to escape paralysis in lesions of the motor 
nucleus of the facial nerve. 

The sensory root (pars intermedia) arises from the geniculate ganglion, which 
is` situated on the genu of the facial nerve in the aqueductus Fallopii, behind 
the hiatus Fallopii. The cells of this ganglion are unipolar, and the single 
process given off from each divides in a T-shaped manner into a central and a 
peripheral branch. The central branches run inwards, and, leaving the trunk of 
the facial nerve in the 
internal auditory meatus, 
form the pars intermedia ; 
the peripheral branches are 
continued into the chorda 
tympani and great super- 
ficial petrosal nerves. En- 


Fig. 611.—The course and connections of the 
facial nerve in the temporal bone. 






Eaternal petrosal- 
Branch to join smali superficial petrosad= 
Large superficial petrosal 





A 
f 
P Th q F 
P7 F E d. j > vs ra 
a aN 4 EA 
IN ‘ NA ei HUN 4g 
if ANY QS, D a t Hy af 
+ LN N I ore a x n -AN e 
O y wan h WAR 
sn ih d Hlhi 
Pa. B te? 







W » 
Gentculate ganglion a, 
ey 
Ni NY P Zi 
Facial Nim, 

Auditory 






tering the brain at the 
lower border of the pons 
between the motor root 
internally and the audi- 


tory nerve externally, the 
l fibres of the sensory root 
pass into the substance of the medulla and terminate in the upper part of the 
nucleus of the glosso-pharyngeal and in the fasciculus solitarius. 

From their superficial attachment to the brain, the two roots of the facial 
nerve pass outwards and forwards with the auditory nerve to the internal 
auditory meatus. In the meatus the motor root lies in a groove on the upper 
and anterior surface of the auditory nerve, the sensory root (pars intermedia) 
being placed between the two; here the sensory root joins the motor root to 
form the facial nerve, 

At the bottom of the meatus, the facial nerve enters the aqueductus Fallopii, 
and follows the course of that canal through the petrous portion of the temporal 
bone, from its commencement at the bottom of the internal meatus, to its 
termination at the stylo-mastoid foramen. It is at first directed outwards 
between the cochlea and vestibule towards the inner wall of the tympanum ; 
it then bends suddenly backwards and arches downwards behind the tympanum 
to the stylo-mastoid foramen. The point where it changes its direction is named 
the genu; it presents a reddish gangliform swelling, the geniculate ganglion, or 
nucleus of the sensory root of the nerve. On emerging from the stylo-mastoid 
foramen, it runs forwards in the substance of the parotid gland, crosses the 
external carotid artery, and divides behind the ramus of the lower jaw into 
two primary branches, temporo-facial and cervico-facial, from which numerous 
offsets are distributed over the side of the head, face, and upper part of the 
neck, supplying the superficial muscles in these regions. As the primary 
ranches and t oir offsets diverge from each other, they present somewhat the 
appearance of a bird’s foot or claws; hence the name of pes ansermmus is given 
to the divisions of the facial nerve in and near the parotid gland. 
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The communications of the facial nerve may be arranged as follows: 


In the internal auditory meatus . With the auditory nerve: 

With Meckel’s ganglion by the large 
superficial petrosal nerve. 

With the otic ganglion by a branch which 
joins the small superficial petrosal 
nerve. 

With the sympathetic on the middle 
meningeal by the external superficial 
petrosal nerve. 


From the geniculate ganglion 


In the Fallopian aqueduct . | —— auricular branch of the pneumo- 
With the glosso-pharyngeal. 
At its exit from the stylo-mastoid »  pneumogastric. 
foramen » great auricular. 
A auriculo-temporal. 
Behind the ear . : : . With the small occipital. 
On the face . ; . With the three divisions of the fifth. 
In the neck . ; ; , . With the superficial cervical. 


In the internal auditory meatus some minute filaments pass from the pars 
intermedia and from the facial to the auditory nerve. 

The large superficial petrosal nerve arises from the geniculate ganglion, and 
consists chiefly of sensory branches which are distributed to the mucous 
membrane of the soft palate; but it probably also contains a few motor fibres 
which form the motor root of Meckel’s ganglion. It passes forwards through 
the hiatus Fallopii, and runs in a groove on the anterior surface of the 

etrous portion of the temporal bone beneath the Gasserian ganglion, to the 
oramen lacerum medium. It receives a twig from the tympanic plexus, and 
in the foramen is joined by the great deep petrosal, from the sympathetic plexus 
on the internal carotid artery, to form the Vidian nerve. This nerve passes 
forward through the Vidian canal and ends in Meckel’s ganglion. The geniculate 
ganglion is connected with the otic ganglion by a branch which joins the small 
superficial petrosal nerve, and also with the sympathetic filaments accompanying 
the middle meningeal artery, by the external petrosal (Bidder). From the 
ganglion, according to Arnold, a twig is sent back to the auditory nerve. Just 
before the facial nerve emerges from the stylo-mastoid foramen, it generally 
receives a twig of communication from the auricular branch of the pneumo- 
astric. 
1 After its exit from the stylo-mastoid foramen, it sends a twig to the glosso- 
pharyngeal, another to the pneumogastric nerve, and communicates with the 
great auricular branch of the cervical plexus, and with the auriculo-temporal 
branch of the inferior maxillary nerve in the parotid gland, with the small 
occipital behind the ear; on the face with the terminal branches of the three 
divisions of the fifth, and in the neck with the superficial or transverse cervical. 


BRANCHES OF DISTRIBUTION 


” le, 
Within the aqueductus Fallopu . t Ss Stapadius.musale 
At its exit from the stylo-mastoid (Digesine. o 
foramen . ; > s - (Stylo-hyoid. 
Temporal. 
Temporo-facial | Malar: 
| Infra-orbital. 
On the face . ; : ; aanl: 
l Cervico-facial | Supramandibular. 
Inframandibular. 


The tympanic branch arises from the nerve opposite the pyramid ; it passes 
through a small canal in the pyramid, and supplies the Stapedius muscle. — 
The chorda tympani is given off from the facial as it passes vertically 
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downwards at the back of the tympanum, about a quarter of an inch before 
its exit from the stylo-mastoid foramen. It passes from below upwards and 
forwards in a distinct canal, and enters the cavity of the tympanum, through 
an aperture (iter chord@ posterius) on its posterior wall, close to the inner aspect 
of the posterior border of the membrana tympani and on a level with the upper 
cnd of the handle of the malleus, and becomes invested with mucous membrane. 
It passes forwards through the cavity of the tympanum, between the fibrous 
and mucous layers of the membrana tympani, and over the handle of the 
malleus, emerging from that cavity through a foramen which is situated at the 
inner end of the Glaserian fissure, and named the iter chorde anterius, or canal 
of Huguier. Tt then descends between the two Pterygoid muscles on the inner 
aspect of the spine of the sphenoid bone, which it sometimes grooves, and joins, 
at an acute angle, the posterior border of the lingual nerve. Some of its fibres 


Fia. 612.—Plan of the facial nerve. 
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enter the submaxillary ganglion, and through it are distributed to the sub- 
maxillary and sublingual glands; the remaining fibres are continued onwards 
through the muscular substance of the tongue to the mucous membrane 
covering its anterior two-thirds. Before joining the lingual nerve it receives 
migeni communicating branch from the otic ganglion. As already stated, the 
a — a <i nerve is derived from the sensory root (pars intermedia) of the 
The posterior auricular nerve arises close to the stylo-mastoid foramen, and 
passes upwards in front of the mastoid process, where it is joined by a filament 
from the auricular branch of the pneumogastric, and communicates with the 
mastoid branch of the great auricular and with the small occipital. As it 
ascends between the meatus and mastoid process it divides into auricular and 
occipital branches. The auricular branch supplies the Retrahens auriculam 
and the small intrinsic muscles on the cranial surface of the pinna. The 
ogee eal branch, the larger, passes backwards along the superior curved line 
O a occipital bone, and supplies the occipital portion of the Occipito-frontalis. 
he digastric branch arises close to the stylo-mastoid foramen; it divides 


DIGASTRIC | 


STYLO-HYOI0 
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into several filaments, which supply the posterior belly of the Digastric; one of 
these perforates that muscle to join the glosso-pharyngeal nerve. 

The stylo-hyoid branch frequently arises in conjunction with that to the 
posterior belly of the Digastric; it is long and slender, and passes inwards to 
enter the Stylo-hyoid muscle about its middle. 

The temporo-facial, the larger of the two terminal branches, passes upwards 
and forwards through the parotid gland, crosses the external carotid artery and 
temporo-maxillary vein, and passes over the neck of the condyle of the jaw, being 
connected in this situation with the auriculo-temporal branch of the inferior 


Fre. 613.—The nerves of the scalp, face, and side of the neck. 
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maxillary nerve, and divides into branches, which are distributed over the temple 
and upper part of the face; these are divided into three sets: temporal, malar, 
and infra-orhital. 

The temporal branches cross the zygoma to the temporal region, supplying 
the Attrahens and Attollens auriculam muscles, and join with the temporal 
branch of the temporo-malar, a branch of the superior maxillary, and with the 
auriculo-temporal branch of the inferior maxillary. The more anterior branches 
supply the frontal portion of the Occipito-frontalis, the Orbicularis palpebrarum, 
and Corrugator supercilii muscles, and join with the gupra-orbital and lachrymal 
branches of the ophthalmic. € 

The malar branches pass across the malar bone to the outer angle of the 
orbit, where they supply the Orbicularis palpebrarum muscle, and join with 
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filaments from the lachrymal nerve and the malar branch of the superior 
maxillary nerve. = 

The infra-orbital branches, of larger size than the rest, pass horizontally 
forwards to be distributed between the lower margin of the orbit and the mouth. 
The superficial branches run beneath the skin and above the superficial muscles 
of the face which they supply : some branches are distributed to the Pyramidalis 
nasi, joining at the inner angle of the orbit with the infratrochlear and nasal 
branches of the ophthalmic. The deep branches pass beneath the Zygomatici 
and the Levator labii superioris, supplying them and the Levator anguli oris, 
and form a plexus (infra-orbital) by joining with the infra-orbital branch of the 
superior maxillary nerve and the buccal branches of the cervico-facial. These 
branches also supply the Levator labii superioris aleeque nasi and the small 
muscles of the nose. 

The cervico-facial division of the facial nerve passes obliquely downwards 
and forwards through the parotid gland, crossing the external carotid artery. In 
this situation it is joined by branches from the great auricular nerve. Opposite 
the angle of the lower jaw it divides into branches which are distributed on the 
lower half of the face and upper part of the neck. These may be divided into 
three sets: buccal, supramandibular, and inframandibular. 

The buccal branches cross the Masseter muscle. They supply the Buccinator 
and Orbicularis oris, and join with the infra-orbital branches of the temporo-facial 
division of the nerve, and with filaments of the long buccal branch of the inferior 
maxillary nerve. 

The supramandibular branches pass forwards beneath the Platysma and 
Depressor anguli oris, supplying the muscles of the lower lip and chin, and 
communicating with the mental branch of the inferior dental nerve. 

The inframandibular (cervical) branches run forward beneath the Platysma, 
and form a series of arches across the side of the neck over the suprahyoid 
region. One of these branches descends vertically to join with the sipario 
cervical nerve from the cervical plexus; others supply the Platysma. 


Surgical Anatomy.—The facial nerve is more frequently paralysed than any of the 
other cranial nerves. The paralysis may depend upon either (1) central causes, i.e. 
blood clots or intracranial tumours pressing on the nerve before its entrance into the 
internal auditory meatus. It is also one of the nerves involved in ‘ bulbar paralysis.’ Or 
(2) it may be paralysed in its passage through the petrous bone, by damage due to middle 
ear disease, or by fractures of the base. Or (3) it may be affected at or after its exit from 
the stylo-mastoid foramen. This is commonly known as ‘ Bell’s paralysis.’ It may be 
due to exposure to cold or to injury of the nerve, either from accidental wounds of 
the face, or during some surgical operation, as removal of parotid tumours, opening of 
abscesses, or operations on the lower jaw. 

When the cause is central, the sixth nerve is usually paralysed as well, and there is 
also hemiplegia on the opposite side. In these cases the electrical reactions are the same 
as in health; whereas, when the paralysis is in the course of the nerve, the reaction is 
usually lost. When the nerve is paralysed in the petrous bone, in addition to the 
paralysis of the muscles of expression, there is loss of taste in the anterior part of the 
tongue, and the patient is unable to recognise the difference between bitters and sweets, 
acids and salines, from involvement of the chorda tympani. The mouth is dry, because the 
salivary glands are not secreting; and the sense of hearing is affected from paralysis of 
the Stapedius, When the cause of the paralysis is from fracture of the base of the skull, 
the auditory nerve and the petrosal nerves, which are connected with the geniculate 
ganglion, are also involved. When the injury to the nerve is after its exit from the 
stylo-mastoid foramen, all the muscles of expression, except the Levator palpebre, 
together with the posterior belly of the Digastric and Stylo-hyoid, are paralysed. There 
is smoothness of the forehead, and the patient is'unable to frown; the eyelids cannot be 
closed and the lower lid droops, so that the punctum is no longer in contact with the 
globe, and the tears run down the cheek ; there is smoothness of the cheek and loss of 
the naso-labial furrow ; the nostril cannot be dilated; the mouth is drawn to the sound 
side, and there is Inability to whistle; food collects between the cheek and gum from 
paralysis of the Buccinator. The facial nerve is at fault in cases of so-called ‘ histrionic 
spasm, which consists in an almost constant and uncontrollable twitching of some or all of 
the muscles of the face. This twitching is sometimes so severe as to cause great discomfort 
and annoyance to the patient, and to interfere with sleep, and for its relief the facial 
nerve has been stretched. The operation is performed by making an incision behind the 
om from the root of the mastoid process to the angle of the jaw. The parotid is turned 
orwards and. the dissection carried along the anterior border of the Sterno-mastoid: 
muscle and mastoid process, until the upper border of the posterior belly of the Digastric 
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is found. The nerve is parallel to this on about a level of the middle of the mastoid 
process. When found, the nerve must be stretched by passing a blunt hook beneath it 
and pulling it forwards and outwards. Too great force must not be used, for fear of 
permanent injury to the nerve. 


EIGHTH NERVE 


The Eighth or Auditory nerve is the special nerve of the sense of hearing, 
being distributed exclusively to the internal ear. 

Origin of the Eighth Nerve.—The eighth nerve consists of two sets of fibres, 
which, although differing in their central connections, are both concerned in the 
transmission of afferent impulses from the internal ear to the medulla and pons, 
and from there, by means of new fibres which arise from collections of grey 
matter in these structures, to the cerebrum and cerebellum. One set of fibres 
forms the vestibular root of the nerve, and arises from the cells in the ganglion 
of Scarpa, which is situated in the internal auditory meatus; the other set 
constitutes the cochlear root, and takes origin from the cells in the ganglion 
spirale or ganglion of Corti, which occupies the spiral canal of the cochlea. 
Both of these ganglia consist 
of bipolar nerve-cells; one Fre. 614.—Terminal nuclei of the vestibular root of 


process from each of the cells the auditory nerve, with their upper connections. 
passes inwards to the brain, (Schematic.) (Testut.) 

the other outwards to the in- 

ternal ear. At its connection Ml 19 
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is behind, and the seventh 
nerve, which is in front. 
Vestibular or ventral root. 
The fibres of this root enter 
the medulla to the inner side 
of those of the cochlear root, 
and pass between the resti- 
form body, which is to their 
outer side, and the inferior 
sensory root of the fifth, 
which lies to their inner side. 
They then divide into an 
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1. Posterior or cochlear root, with its two nuclei: z, Accessory nucleus. 


ascending and a descending 3. D i 4. Anterior or vestibular root. s. Internal 

. nucleus. 6. Nncleas of Deiters. 7. Nucleus of Bechterew. 8. In- 

set. The fibres of the latter ferior or descending root of auditory. 9. Ascending cerebellar fibres. 

end by arborising round the ro. Fibres going to raphé. rr. Fibres taking an oblique course. 

: r2. Fillet. 13. Inferior sensory root of trigeminal. 14, Pyramidal 

cells of the internal nucleus, tract. 15. Raphé. 16. Fourth ventricle. x17. Restiform body. 
which is situated in the tri- 18. Origin of striæ acustice. 


gonum acustici in the floor of 
the fourth ventricle. The ascending fibres either end in the same manner or in 
the external nucleus, which is situated to the outer side of the trigonum acustici 
and farther from the ventricular floor. It is described as consisting of two 
parts, an inner, the nucleus of Deiters, and an outer, the nucleus of Bechterew. 
Some of the axons of the cells of the external nucleus, and possibly also of the 
internal nucleus, are continued upwards through the restiform body to the 
roof nuclei of the opposite side of the cerebellum, to which also are prolonged 
other fibres of the vestibular root without undergoing a relay in the nuclei of the 
medulla. A second set of fibres from the internal and external nuclei end partly 
in the tegmentum, while the remainder ascend in the posterior longitudinal 
bundle to arborise around the cells of the nuclei of the oculo-motor nerve. 

Cochlear or dorsal root.—This part of the nerve is placed externally to the 
vestibular root. Its fibres end in two nuclei, one of which, the accessory nucleus, 
lies immediately in front of the restiform body; the other, the tuberculum 
acusticum, somewhat to its outer side. 

The striæ acustice, or medullary striæ, are the axons of the cells of the 
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tuberculum acusticum. They pass backwards and inwards over the restiform 
body, and across the floor of the fourth ventricle towards the middle line. 
Here they dip into the substance of the pons, to end around the cells of the 
superior olive of the same or opposite side. There are, however, other fibres, 
and these are both direct and crossed, which do not arborise around the teg- 
mental nuclei but pass into the lateral fillet. The cells of the accessory nucleus 
give origin to fibres which pass transversely in the pons and constitute the 
trapezium. The description given as to the mode of ending of the striæ 
acustice is applicable to that of the trapezoid fibres, viz. around the cells of 
the superior olive or of the trapezoid nucleus (which lies ventral to the olive) 
of the same or opposite side, while others, crossed or uncrossed, pass directly 
into the lateral fillet. 

If the further connections of the cochlear nerve of one side, say the left, be 
considered, it is found that they lie to the outer side of the main sensory tract, 
the fillet, and are therefore termed the lateral fillet. The fibres comprising the 


Fic. 615.—Terminal nuclei of the cochlear nerve, with their upper connections. 
(Schematic.) (Testut.) 
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The vestibular root with its terminal nuclei and thin efferent fibres Lave been suppressed. On the other hand, in 
order not to obscure the trapezoid Body, the efferent ‘fibres of the terminal nuclei on the right side have been 
resected in a considerable portion of their extent. The trapezoid body, therefore, shows only one half of its 
fibres, viz. those which come from the left. 

x. Anterior or vestibular root of the auditory, divided at its entrance into the bulb. 2. Posterior or cochlear root. 
3. Accessory nucleus of auditory nerve. 4. Tuberculum acusticum. 5. Efferent fibres of accessory nucleus. 
6. Efferent fibres of tuberculum acusticum, forming the striæ acusticm, with 6’, their direct bundle going to 
the superior olivary body of the same side; 6”, their decussating bundles going to the superior olivary body of 
the opposite side. 7. Superior olivary body. 8, Trapezoid boly. 9. Trapezoid nucleus, xo. Central acoustic 
tract (lateral fillet), xx. Raphé, xa. Pyramidal tract, 13. Fourth ventricle. 14. Restiform body. 


left lateral fillet arise in the superior olive or trapezoid nucleus of the same or 
opposite side, while others are the uninterrupted fibres already alluded to, and 
these are either crossed or uncrossed, the former being the axons of the cells of 
the right accessory nucleus or of the cells of the right tuberculum acusticum, 
while the latter are derived from the same cells of the left side. In the upper 
part of the lateral fillet there is a collection of nerve-cells, the nucleus of the 
lateral fillet, around the cells of which some of the fibres arborise and from the 
cells of which axons originate to continue upwards the tract of the lateral fillet. 
The ultimate ending of the left lateral fillet is partly in the opposite internal 
geniculate body, and partly in the quadrigeminal bodies of the same or opposite 
side. From the cells of these bodies new fibres arise which ascend in the 
posterior limb of the internal capsule to reach the posterior three-fifths of the 
first left temporal convolution and the transverse temporal gyri of Heschl. 

The auditory nerve contains a few efferent fibres which arise in the quadri- 


saminal bodies, the nucleus of the lateral fillet, trapezoid nucleus, and superior 
cilve. 
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The auditory nerve after leaving the medulla passes forwards across the 
posterior border of the middle peduncle of the cerebellum, in company with 
the facial nerve, from which it is partially separated by the auditory artery. 
It then enters the internal auditory meatus with the facial nerve. At the 
hottom of the meatus it receives one or two filaments from the facial nerve, 
and then divides into its two branches, cochlear and vestibular. The auditory 
nerve is soft in texture, and is destitute of neurilemma ; its distribution will be 
described with the anatomy of the ear. 


Surgical Anatomy.—The auditory nerve is frequently injured, together with the facial 
herve, in fractures of the middle fossa of the base of the skull implicating the internal 
auditory meatus. The nerve may be either torn across, producing permanent dcafness, 
or it may be bruised or pressed upon by extravasated blood or inflammatory exudation, 
when the deafness will in all probability be temporary. The nerve may also be injured 
by violent blows on the head without any fracture of the bones of the skull taking place, 
and deafness may arise from loud explosions from dynamite, &c., probably from some 
lesion of this nerve, which is more liable to be injured than the other cranial nerves on 
account of its structure. The test that the nerve is destroyed, and that the deafness is 
not duc to some lesion of the auditory apparatus, is obtained by placing a vibrating 
tuning-fork on the head. The vibrations will be heard in cases where the auditory 
apparatus is at fault, but not in cases of destruction of the auditory nerve. 


NintH Pair (figs. 616, 617, 618) 


The Ninth or Glosso-pharyngeal nerve contains both motor and sensory 
fibres, and is distributed, as its name implies, to the tongue and pharynx, being 
the nerve of ordinary sensation to the mucous 
membrane of the pharynx, fauces, and tonsil; Fre. 616.—Origin, ganglia, and 


and the nerve of taste to the parts of the tongue communications of the ninth, 

to which it is distributed. tenth, and eleventh cranial 
Its superficial origin is by three or four fila- nerves. 

ments, closely connected together, from the upper Be TE E 

part of the medulla oblongata, in the groove woop m 

between the olivary and the restiform body. R> Tymparis br 







The sensory fibres arise from the cells of the 
jugular and petrous ganglia, which are situated 
on the trunk of the nerve, and will be presently 
described. When traced into the medulla, some 
of the sensory fibres terminate by arborising 
around the cells of the upper part of a nucleus 
which lies beneath the ala cinerea in the lower 
part of the floor of the fourth ventricle. Many 
of the fibres, however, contribute to form a strand, 
named the fasciculus solitarius, which descends in the medulla. Associated with 
this strand are numerous nerve-cells, around which the fibres of the fasciculus 
terminate. 

The motor fibres take origin from the cells of the nucleus ambiguus, which 
lies some distance from the lower part of the floor of the fourth ventricle in the 
lateral area of the medulla, and which is continuous below with the anterior 
grey cornu of the spinal cord. From this nucleus the fibres are first directed 
backwards, and then they bend forwards and outwards to join the fibres of the 
sensory root. The nucleus ambiguus gives origin to the motor branches of 
the glosso-pharyngeal and vagus, and to the bulbar part of the spinal accessory. 

From its superficial origin, it passes outwards across the flocculus, and leaves 
the skull at the central part of the jugular foramen, in a separate sheath of the 
dura mater, external to and in front of the pneumogastric and spinal accessory 
nerves (fig. 521). In its passage through the jugular foramen, it grooves the 
lower border of the petrous portion of the temporal bone ; and, at its exit from 
the skull, passes forwards between the jugular vein and internal carotid artery, 
and descends in front of the latter vessel, and beneath the styloid process and 
the muscles connected with it, to the lower border of the Stylo-pharyngeus. 
The nerve now curves inwards, forming an arch on the side of the neck and 
lying upon the Stylo-pharyngeus and Middle constrictor of the pharynx. It 
then passes beneath the Hyo-glossus, and is finally distributed to the mucous 
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membrane of the fauces and base of the tongue, and the mucous glands of 
the mouth and tonsil. l l y 

In passing through the jugular foramen, the nerve presents, in succession, 
two gangliform enlargements. The superior, the smaller, is called the jugular 
ganglion; the inferior and larger, the petrous ganglion, or the ganglion of 
Andersch. iha n i 

The superior or jugular ganglion is situated in the upper part of the groove 
in which the nerve is lodged during its passage through the jugular foramen. 
It is of very small size, and involves only the lower part of the trunk of the 
nerve. It is usually regarded as a detached portion of the lower ganglion. 

The inferior or petrous ganglion is situated in a depression in the lower 
border of the petrous portion of the temporal bone; it is larger than the superior, 
and involves the whole of the fibres of the nerve. From this ganglion arise 
those filaments which connect the glosso-pharyngeal with the pneumogastric 
and sympathetic nerves. 

The glosso-pharyngeal nerve communicates with the pneumogastric, sympa- 
thetic, and facial. 

The branches to the pneumogastric are two filaments, which arise from the 
petrous ganglion, one passing to the auricular branch, and the other to the upper 
ganglion of the pneumogastric. . 

The petrous ganglion is connected by a filament with the superior cervical 
ganglion of the sympathetic. 

The branch of communication with the facial perforates the posterior belly of 
the Digastric. It arises from the trunk of the nerve below the petrous ganglion, 
and joins the facial just after its exit from the stylo-mastoid foramen. 

The branches of distribution of the glosso-pharyngeal are, the tympanic, 
carotid, pharyngeal, muscular, tonsillar, and lingual. l 

The tympanic branch (Jacobson’s nerve) arises from the petrous ganglion, and 
enters a small bony canal on the under surface of the petrous portion of the 
temporal bone ; the lower opening of which is situated on the bony ridge which 
separates the carotid canal from the jugular fossa. It ascends to the tympanum, 
enters that cavity by an aperture in its floor close to the inner wall, and divides 
into branches, which are contained in grooves upon the surface of the pro- 
montory, forming the tympanic plexus. This plexus gives off: (r) the small 
superficial petrosal nerve; (2) a branch to join the great superficial petrosal 
nerve; and (3) branches to the tympanic cavity, all which will be described 
in connection with the anatomy of the ear. 

The carotid branches descend along the trunk of the internal carotid artery 
as far as its commencement, communicating with the pharyngeal branch of the 
pneumogastric, and with branches of the sympathetic. 

The pharyngeal branches are three or four filaments which unite, opposite 
the Middle constrictor of the pharynx, with the pharyngeal branches of the 
pneumogastric and sympathetic nerves, to form the pharyngeal plexus ; branches 
from this plexus perforate the muscular coat of the pharynx and supply its 
muscles and mucous membrane. 

The muscular branch is distributed to the Stylo-pharyngeus. 

The tonsillar branches supply the tonsil, forming a plexus (circulus tonsillaris) 
around this body, from which filaments are distributed to the soft palate and 
fauces, where oe communicate with the palatine nerves. 

The lingual branches are two in number: one supplies the circumvallate 
papille and the mucous membrane covering the surface of the base of the 
tongue ; the other perforates its substance, and supplies the mucous membrane 


and follicular glands of the posterior part of the tongue and communicates with 
the lingual nerve. 


Tent Pair (figs. 617, 618) 


_ The Tenth or Pneumogastric nerve (nervus vagus) has a more extensive 
distribution than any of the other cranial nerves, passing through the neck and 
thorax to the upper part of the abdomen. Tt is composed of both motor 
and sensory fibres. It supplies the organs of voice and respiration with motor 


and sensory fibres; and the pharynx, cesophagus, stomach, and heart with 
motor fibres. 
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Fie. 617.—Plan of the glosso-pharyngeal, pneumogastric, and spinal accessory nerves. 
(After Flower.) 






oi a a Q Å 
= SZ o <v cd he 
He ő Q2 e Dar P Sy lA 
ac we Gh Ey oe we WO? ide. 
£ aoe BF) Se of xd P 
at we *, at BH ES Th LA g 
5 o f S RY j 
ni oft ge f 
2 \ i i i j 2 oO i 
fid: A ‘ j 4 j ] 
5 ' f 4 j iso 
Li 


p piee ae g ya 


ene 


sman ro MUCOLRYNY 





#4, 
Yi 
Ri 
À 









PAN 


TRAN 
V Dey 
NIIS i f 


ANOSS399 
NOLS S 


arrr N 


x NNI Z 
\ 3 


n 
g 


EAA e yana 
a 
ez 











f} 
f 
A SUP EG TORS, 
SA \ | \ CERYCRL 
f j BRANCHA N a ia 
S $ FROM CERTA 7 
f j vicar PLEXI N 
fj * 
} | À 
yo | 
STERNO- |! / 
MASTOID y 
i £ pe 
j f A FERO A 
f TRAP gz uh / PULMONARY 
j f l va 
j 4 g 
; f = 
a 
pA 
Z 
f 
a, 
yy 
ZY 
DDA A 
wr a JA 
P” I F f 
ry yi 
“yf A f 
fi 7 
Q Jp f i SS, 
CA H ‘ Na . : 
TA ff H £ ee 
J J j : a TO PLEXUS 
f ¥§ f { “ee GULF 
> f ; i n 
R it c 


3 L 


882 THE NERVOUS SYSTEM 


The superficial origi of the ee nerve is by eight or ten filaments 
from the groove between the olivary and the restiform bodies below the glosso- 
pharyngeal. The sensory fibres arise from the cells of the ganglion of the root 
and the ganglion of the 
Frc. 618.—Course and distribution of the ninth, tenth, trunk of the nerve, and, when 
and eleventh cranial nerves. traced into the medulla, 
mostly terminate by arbor- 
ising around the cells of the 
inferior part of the nucleus 
which lies beneath the ala 
cinerea in the lower part of 
the floor of the fourth ven- 
tricle. Some of the sensory 
fibres of the glosso-pharyn- 
geal nerve have been seen to 
terminate in the upper part 
of this nucleus. A few of 
the sensory fibres of the 
vagus descend in the fasci- 
culus solitarius and termi- 
nate around its cells. The 
motor fibres arise from the 
cells of thenucleusambiguus, 
already referred to in con- 
nection with the motor root 
of the glosso - pharyngeal 
nerve. 

The filaments become 
united, and form a flat cord, 
which passes outwards be- 
neath the flocculus to the 
jugular foramen, through 
which it emerges from the 
cranium. In passing through 
this opening, the pneumo- 
gastric accompanies the 
spinal accessory, being con- 
tained in the same sheath of 
dura mater with it, a mem- 
branous septum separating 
them from the glosso- 
pharyngeal, which les in 
front (fig. 521). The nerve 
in this situation presents a 
well-marked ganglionic en- 
largement, which is called 
jugular ganglion, or the 
ganglion of the root of the 
pneumogastric: to it the 
accessory part of the spinal 
accessory nerve is connected 
by one or two filaments. 
After its exit from the 
jugular foramen the nerve 
is joined by the accessory 
portion of the spinal acces- 
sory, and enlarges into m 
second gangliform swelling, 
h called the ganglion inferius, 
or the ganglion of the trunk of the nerve; through which the fibres of the 
accessory portion of the spinal accessory pass unchanged, being principally 
an r to the pharyngeal and superior laryngeal branches of the vagus, but 
some of the filaments from it are continued into the trunk of the vagus below 






Glosso-pharyngeal 
Pneumogastric . aN 


Spinal accessory 12 a 


~. fnternal laryngeal 
nerve 


4 
ee eG 


TENTH CRANIAL NERVE 883 


the ganglion, to be distributed with the recurrent laryngeal nerve and probably 
also with the cardiac nerves. The nerve passes vertically down the sal within 
the sheath of the carotid vessels lying between the internal carotid artery and 
internal jugular vein as far as the thyroid cartilage, and then between the 
same vein and the common carotid artery to the root of the neck. From this 
downwards, the course of the nerve differs on the two sides of the body. 

On the right side, the nerve passes across the subclavian artery between it 
and the right innominate vein, and descends by the side of the trachea to the 
back part of the root of the lung, where it spreads out in a plexiform network 
(posterior pulmonary plexus), from the lower part of which two cords descend 
on the cesophagus, upon which they divide, forming, with branches from the 
opposite nerve, the oesophageal plexus (plexus guile); below, these branches are 
collected into a single cord, which runs along the back part of the esophagus, 
enters the abdomen, and is distributed to the posterior surface of the stomach, 
joining the left side of the solar plexus, and sending filaments to the splenic 
plexus and a considerable branch to the celiac plexus. 

On the left side, the pneumogastric nerve enters the chest between the left 
carotid and subclavian arteries, behind the left innominate vein. It crosses the 
arch of the aorta, and descends behind the root of the left lung, forming the 
posterior pulmonary plexus, and along the anterior surface of the oesophagus, 
where it unites with the nerve of the right side in forming the plexus gule, 
to the stomach, distributing branches over its anterior surface, some extending 
over the great cul-de-sac, and others along the lesser curvature. Filaments 
ae. these branches enter the gastro-hepatic omentum, and join the hepatic 

exus. 
The ganglion of the root is of a greyish colour, circular in form, about two 
lines in diameter. 

Connecting branches.—To this ganglion the accessory portion of the spinal 
accessory nerve is connected by several delicate filaments; it also has a com- 
municating twig with the petrous ganglion of the glosso-pharyngeal, with the 
facial nerve by means of its auricular branch, and with the sympathetic by 
means of an ascending filament from the superior cervical ganglion. 

The ganglion of the trunk (inferior) is a plexiform cord, cylindrical in form, 
of a reddish colour, and about an inch in length; it involves the whole of the 
fibres of the nerve, and passing through it is the accessory portion of the spinal 
accessory nerve, which blends with the pneumogastric below the ganglion, 
and is then principally continued into its pharyngeal and superior laryngeal 
branches. 

Connecting branches.—This ganglion is connected with the hypoglossal, the 
superior cervical ganglion of the sympathetic, and the loop between the first and 
second cervical nerves. 

The branches of the pneumogastric are : 


Meningeal. 
Auricular. 
Pharyngeal. 
Superior laryngeal. 
Recurrent laryngeal. 
Cervical cardiac. 
Thoracic cardiac. 
Anterior pulmonary. 
Posterior pulmonary. 
(Esophageal. 

In the abdomen . . . Gastric. 


In the jugular fossa . i 


In the neck 
In the thorax 


The meningeal branch is a recurrent filament given off from the ganglion 
of the root in the jugular foramen. It passes backwards through the jugular 
foramen, and is distributed to the dura mater covering the posterior fossa of the 
base of the skull. 

The auricular branch (Arnold's) arises from the ganglion of the root, and is 
joined soon after its origin by a filament from the petrous ganglion of the glosso- 
pharyngeal; it passes outwards behind the jugular vein, and -enters a small 
canal on the outer wall of the jugular fossa. Traversing the substance of the 
temporal bone, it crosses the aqueductus Fallopii about two lines above its 
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termination at the stylo-mastoid.foramen ; here it gives off an ascending branch, 
which joins the facial: the continuation of the nerve reaches the surface by 
passing through the auricular fissure between the mastoid process and the 
tympanic plate, and divides into two branches, one of which communicates 
with the posterior auricular nerve, while the other supplies the integument 
at the back part of the pinna and the posterior part of the external auditory 
meatus. 

The pharyngeal branch, the principal motor nerve of the pharynx, arises from 
the upper part of the inferior ganglion of the pneumogasiric. It consists prin- 
cipally of filaments from the accessory portion of the spinal accessory ; 1t passes 
across the internal carotid artery to the upper border of the Middle constrictor, 
where it divides into numerous filaments, which join with those from the glosso- 
pharyngeal, superior laryngeal (its external branch), and sympathetic, to form 
the pharyngeal plexus, from which branches are distributed to the muscles and 
mucous membrane of the pharynx and the muscles of the soft palate, except the 
Tensor palati and possibly the Azygos uvule and Levator palati (see page 460). 
From the pharyngeal plexus a minute filament is given off, which descends and 
joins the hypoglossal nerve as it winds round the occipital artery. 

The superior laryngeal is larger than the preceding, and arises from the 
middle of the inferior ganglion of the pneumogastric. In its course it receives a 
branch from the superior cervical ganglion of the sympathetic. It descends, by 
the side of the pharynx, behind the internal carotid, where it divides into two 
branches, the external and internal laryngeal. 

The external laryngeal branch, the smaller, descends by the side of the larynx, 
beneath the Sterno-thyroid, to supply the Crico-thyroid muscle. It gives 
branches to the pharyngeal plexus and the Inferior constrictor, and communicates 
with the superior cardiac nerve, behind the common carotid artery. 

The internal laryngeal branch descends to the opening in the thyro-hyoid 
membrane, through which it passes with the superior laryngeal artery, and is 
distributed to the mucous membrane of the larynx. A small branch com- 
municates with the recurrent laryngeal nerve. The branches to the mucous 
membrane are distributed, some in front to the epiglottis, the base of the tongue, 
and the epiglottidean glands; while others pass backwards, in the aryteno- 
epiglottidean fold, to supply the mucous membrane surrounding the superior 
orifice of the larynx, as well as the membrane which lines the cavity of the 
larynx as low down as the vocal cord. The filament which joins with the 
recurrent laryngeal descends beneath the mucous membrane on the inner surface 
of the thyroid cartilage, where the two nerves become united. 

The inferior or recurrent laryngeal, so called from its reflected course, is the 
motor nerve of the larynx. It arises on the right side, in front of the subclavian 
artery ; winds from before backwards round that vessel, and ascends obliquely 
to the side of the trachea behind the common carotid, and either in front of or 
behind the inferior th oid artery. On the left side, it arises in front of the arch 
of the aorta, and winds from before backwards round the aorta at the point where 
the remains of the ductus arteriosus are connected with it, and then ascends to 
the side of the trachea. The nerves on both sides ascend in the groove between 
the trachea and cesophagus, and, passing under the lower border of the Inferior 
constrictor muscle, enter the larynx behind the articulation of the inferior cornu 
of the thyroid cartilage with the cricoid, being distributed to all the muscles of 
the larynx, excepting the Crico-thyroid. It communicates with the superior 
laryngeal nerve, and gives off a few filaments to the mucous membrane of the 
lower part of the larynx. 

_ The recurrent laryngeal, as it winds round the subclavian artery and aorta, 
gives off several cardiac filaments, which unite with the cardiac branches from the 
papuniee-siae and sympathetic. As it ascends in the neck it gives off oesophageal 

ranches, more numerous on the left than on the right side, which supply the 
mucous membrane and muscular coat of the cesophagus; tracheal branches to 
the mucous membrane and muscular fibres of the trachea; and some pharyngeal 
filaments to the Inferior constrictor of the pharynx. 

The cervical cardiac branches, two or three in number, arise from the 
pneumogastric, at the upper and lower part of the neck. 

The superior branches are small, and communicate with the cardiac branches 
of the sympathetic. They can be traced to the great or deep cardiac plexus. 
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_ The inferior branch arises at the lower part of the neck, just above the first 
rib. That from the right vagus passes in front or by the side of the arteria 
innominata, and communicates with one of the cardiac nerves proceeding to the 
great or deep cardiac plexus; that from the left runs in front of the arch of the 
aorta, and joins the superficial cardiac plexus. 

The thoracic cardiac branches, on the right side, arise from the trunk of the 
pneumogastric, as it lies by the side of the trachea, and from its recurrent 
laryngeal branch ; but on the left side from the recurrent nerve only; passing 
inwards, they terminate in the deep cardiac plexus. 

The anterior pulmonary branches, two or three in number, and of small size, 
are distributed on the anterior aspect of the root of the lungs. They join with 
filaments from the sympathetic, and form the anterior pulmonary plezus. 

The posterior pulmonary branches, more numerous and larger than the 
anterior, are distributed on the posterior aspect of the root of the lung: they are 
joined by filaments from the third and fourth (sometimes also first and second) 
thoracic ganglia of the sympathetic, and form the posterior pulmonary plexus. 
Branches from both plexuses accompany the ramifications of the air-tubes 
through the substance of the lungs. 

The esophageal branches are given off from the pneumogasiric both above 
and below the pulmonary branches. The lower are more numerous and larger 
than the upper. They form, together with branches from the opposite nerve, 
the esophageal plexus or plexus gui@. From this plexus branches are distributed 
to the back of the pericardium. 

The gastric branches are the terminal filaments of the pneumogastric nerve. 
The nerve on the right side is distributed to the posterior surface of the stomach, 
and joins the left side of the coeliac plexus and the splenic plexus. The nerve 
on the left side is distributed over the anterior surface of the stomach, some 
filaments passing across the great cul-de-sac, and others along the lesser 
curvature. They unite with branches of the right nerve and with the 
peppes, some filaments passing through the lesser omentum to the hepatic 
plexus. 


Surgical Anatomy.—The functions of the pneumogastric nerve may be interfered 
with by damage to its nucleus of origin in the medulla; by thickening or growth from 
the meninges or bones, or aneurism of the basilar artery before its exit from the skull ; 
injuries such as gunshot or punctured wounds in the neck, or injuries during such 
operations as ligature of the carotid artery, removal of tuberculous glands or other deep- 
seated tumours. The pneumogastric may also be .compressed by aneurisins of the 
carotid artery. The symptoms produced by paralysis of the nerve are palpitation, with 
increased frequency of the pulse, constant vomiting, slowing of the respiration, and a 
sensation of suffocation. The laryngeal nerves are of considerable importance in consider- 
ing some of the morbid conditions of the larynx. When the peripheral terminations of 
the superior laryngeal nerve are irritated by some foreign body passing over them, reflex 
spasm of the glottis is the result. When the trunk of this same nerve is pressed upon, 
by, for instance, a goitre or an aneurism of the upper part of the carotid, there is a 
peculiar dry, brassy cough. When the nerve is paralysed, there is anesthesia of the 
mucous membrane of the larynx, so that foreign bodies can readily enter the cavity, and, 
in consequence of its supplying the Crico-thyroid muscle, the vocal cords cannot be made 
tense, and the voice is deep and hoarse. Paralysis of the superior laryngeal nerves 
may be the result of bulbar paralysis; may be a sequel to diphtheria when both nerves 
are usually involved; or it may, though less commonly, be caused by the pressure of 
tumours or aneurisms, when the paralysis is generally unilateral. Irritation of the 
inferior laryngeal nerves produces spasm of the muscles of the larynx. When both 
these recurrent nerves are paralysed, the vocal cords are motionless, in the so-called 
‘ cadaveric position ’—that is to say, in the position in which they are found in ordinary 
tranquil respiration; neither closed as in phonation, nor open as in deep inspiratory 
efforts. When one recurrent nerve is paralysed, the cord of the same side is motion- 
less, while the opposite one crosses the middle line to accommodate itself to the affected 
one; hence phonation is present, but the voice is altered and weak in timbre. The 
recurrent laryngeal nerves may be paralysed in bulbar paralysis or after diphtheria, 
when the paralysis usually affects both sides; or they may be affected by the pressure 
of aneurisms of the aorta, innominate or subclavian arteries; by mediastinal tumours; 
by bronchocele ; or by cancer of the upper part of the cesophagus, when the paralysis 
is often unilateral. 
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ELEVENTH Pair (figs. 617, 618) 


The Eleventh or Spinal Accessory nerve consists of two parts: one, the 
accessory part to the vagus, and the other the spinal portion. 

The bulbar or accessory part is the smaller of the two. Its fibres arise from 
the cells of the nucleus ambiguus and emerge as four or five delicate filaments 
from the side of the medulla, below the roots of the vagus. It passes outwards 
to the jugular foramen, where it interchanges fibres with the spinal portion or 
becomes united to it for a short distance; it is also connected, in the foramen, 
with the upper ganglion of the vagus by one or two filaments. It then passes 
through the foramen, and becoming again separated from the spinal portion it 
is continued over the surface of the ganglion of the trunk of the vagus, bein 
adherent to its surface, and is distributed principally to the pharyngeal an 
superior laryngeal branches of the pneumogastric. Through the pharyngeal 
branch it probably supplies the Azygos uvulæ and Levator palati muscles (see 

age 460). Some few filaments from it are continued into the trunk of the vagus 
kal the ganglion, to be distributed with the recurrent laryngeal nerve and 
probably also with the cardiac nerves. 

The spinal portion is firm in texture, and its fibres arise from the motor cells 
in the outer part of the anterior horn of the grey matter of the spinal cord as 
low as the fifth cervical nerve. Passing outwards and backwards through the 
lateral white column of the cord, they emerge on its surface and unite to form 
a single trunk, which ascends between the ligamentum denticulatum and the 
posterior roots of the spinal nerves, enters the skull through the foramen magnum, 
and is then directed outwards to the jugular foramen, through which it passes, 
lying in the same sheath as the pneumogastric, but separated from it by a fold of 
the arachnoid. In the jugular feelin, it receives one or two filaments from 
the accessory portion, or else joins it for a short distance and then separates from 
it again. At its- exit from the jugular foramen, it passes backwards, either in 
front of or behind the internal a vein, and descends obliquely behind the 
Digastric and Stylo-hyoid muscles to the upper part of the Sterno-mastoid. It 
pierces that muscle, and passes obliquely across the posterior triangle, to termi- 
nate in the deep surface of the Trapezius. This nerve gives several branches to 
the Sterno-mastoid during its passage through it, and joins in its substance with 
branches from the second cervical, which supply the muscle. In the posterior 
triangle it joins with the second and third cervical nerves, while beneath the 
Trapezius it forms a sort of plexus with the third and fourth cervical nerves, 
and from this plexus fibres are distributed to the muscle. 


_ Surgical Anatomy.—The functions of the spinal accessory nerve may be interfered 
with either by central changes; or at its exit from the skull, by fractures running across 
the jugular foramen; or in the neck, by inflamed lymphatic glands, &c. When 
irritated, it causes clonic s asm of the Sterno-mastoid and Trapezius muscles, or, as it is 
termed, spasmodic torticollis. In cases of this affection in which all previous palliative 
treatment has failed, and the spasms are so severe as to undermine the patient’s health, 
division or excision of a portion of the spinal accessory nerve has been resorted to. This 
may be done along either the anterior or posterior border of the Sterno-mastoid muscle. 
The former operation consists in making an incision, three inches in length, from the 
apex of the mastoid process along the anterior border of the Sterno-mastoid musele. 
The anterior border of the muscle is defined and pulled backwards, so as to stretch the 
nerve, which is then to be sought for, beneath the Digastric muscle, about two inches 
below the apex of the mastoid process. The other operation is performed by making an 
incision along the posterior border of the muscle, so that the centre of the incision 
corresponds to the middle of this border of the muscle. The superficial structures having 
been divided and the border of the muscle defined, the nerve is to be sought for as it 
emerges from the muscle to cross the occipital triangle. When found, it is to be traced 
upwards through the muscle, and a portion of it excised above the point where it gives 
off its branches to the Sterno-mastoid. In this operation one of the descending branches 
of the superficial cervical plexus is liable to be mistaken for the nerve. 


TweEurte Parr (figs. 619, 620) 


The Twelfth or Hypoglossal nerve is the motor nerve of the tongue. 


Its fibres arise from the cells of the hypoglossal nucleus, which ; 
prolongation of the base of the anterior a of grey aun! of the “cord. This 
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nucleus is about three-quarters of an inch in length, and its upper part corre- 
sponds with the trigonum hypoglossi, which is situated close to the middle nae 
the lower half of the floor of the fourth ventricle. The lower part of the nucleus 
extends downwards into the closed part of the medulla, and there lies in relation 
to the ventro-lateral aspect of the central canal. The fibres run forwards 
through the entire thickness of the medulla, between its anterior and lateral areas, 
and emerge in the pre-olivary suleus between the pyramid and the olivary body. 
The filaments of this nerve are collected into two bundles, which perforate 
the dura mater separately, opposite the anterior condyloid foramen, and unite 
together after theirt passage through it. In those cases in which the anterior 
condyloid foramen in the occipital bone is double, these two portions of the nerve 


Fig. 619.—Plan of the hypoglossal nerve. 
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are separated by the small piece of bone which divides the foramen. The nerve 
descends almost vertically to a point corresponding with the angle of the jaw. It 
is at first deeply seated beneath the internal carotid artery and internal jugular 
vein, and intimately connected with the pneumogastric nerve; it then passes 
forwards between the vein and artery, and lower down in the neck becomes 
superficial below the Digastric muscle. The nerve then loops round the occipital 
artery, and crosses the external carotid and its lingual branch below the tendon. 
of the Digastric muscle. It passes beneath the tendon of the Digastric, the 
Stylo-hyoid, and the Mylo-hyoid muscles, lying between the last-named musole 
and the Hyo-glossus, and communicates at the anterior border of the Hyo-glossus 
with the lingual (gustatory) nerve ; it is then continued forwards in the fibres of 
the Genio-hyo-glossus muscle as far as the tip of the tongue, distributing branches 
to its muscular substance. 
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The branches of communication are, with the 
Pneumogastric. First and second cervical nerves. 
Sympathetic. Lingual (gustatory). 
The communication with the pneumogastric takes place close to the exit of 
the nerve from the skull, numerous filaments passing between the hypoglossal 


and lower ganglion of the pneumogastric through the mass of connective tissue 
which unites the two nerves. It also communicates with the pharyngeal plexus 


by a minute filament as it winds round the occipital artery. 


Fie. 620.—Hypoglossal nerve, cervical plexus, and their branches. 
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The communication with the sympathetic takes place opposite the atlas by 
branches derived from the superior cervical ganglion, and in the same situation 
the nerve is joined by a filament derived from the loop connecting the first two 
cervical nerves. 

The communication with the lingual (gustatory) takes place near the anterior 
border of the Hyo-glossus muscle by numerous an iei ascend upon it. 

The branches of distribution are, the 


Meningeal. Thyro-hyoid. 
Descendens hypoglossi. Muscular. 


Meningeal branches.— As the hypoglossal nerve passes through the anterior 
condyloid foramen it gives off, according to Luschka, several filaments to the 
dura mater in the posterior fossa of the base of the skull; these filaments are 
probably derived from a branch which passes from the first cervical nerve to the 
hypoglossal nerve. 
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The descendens hypoglossi is a long slender branch, which quits the hypo- 
glossal where it turns round the occipital artery. It consists mainly of fibres 
which pass to the hypoglossal from the loop between the first and second cervical 
nerves in the above-mentioned communication. It descends in front of the 
sheath of the carotid vessels, giving off a branch to the anterior belly of the Omo- 
hyoid, and then joins the communicating branches from the second and third 
cervical nerves, just below the middle of the neck, to form a loop, the ansa hypo- 
glosst. From the convexity of this loop branches pass to supply the Sterno-hyoid, 
Sterno-thyroid, and the posterior belly of the Omo-hyoid. According to Arnold, 
another filament descends in front of the vessels into the chest, and joins the 
cardiac and phrenic nerves. 

The thyro-hyoid is a small branch, arising from the hypoglossal near the 
posterior border of the Hyo-glossus ; it passes obliquely across the great cornu 
of the hyoid bone, and supplies the Thyro-hyoid muscle. 

The muscular branches are distributed to the Stylo-glossus, Hyo-glossus, 
Genio-hyoid, and Genio-hyo-glossus muscles. At the under surface of the tongue 
numerous slender branches pass upwards into the substance of the organ to 
supply its intrinsic muscles. 


Surgical Anatomy.—The hypoglossal nerve is an important guide in the operation of 
ligature of the lingual artery (see page 612). It runs forwards on the Hyo-glossus just 
above the great cornu of the hyoid bone, and forms the upper boundary of the triangular 
space in which the artery is to be sought for by cutting through the fibres of the Hyo- 
glossus. In cases where it has been injured on one side of the neck, unilateral paralysis 
of the tongue is the result; the tongue, when protruded, being directed to the side on 
which the injury has taken place. 


THE SPINAL NERVES 


The spinal nerves take their origin from the spinal cord, and are transmitted 
through the intervertebral foramina on either side of the spinal column. There 
are thirty-one pairs of spinal nerves, which are arranged into the following 
groups, corresponding to the region of the spine through which they pass : 


Cervical s : ; : i 8 pairs 
Dorsal 3 ; : ; ; 128; 
Lumbar : i : Sees 
Sacral : ae er 
Coccygeal . i : ; ; I pair 


It will be observed that each group of nerves corresponds in number with the 
vertebrae in that region, except the cervical and coccygeal. 

Each spinal nervé arises by two roots, an anterior or motor root, and m 
posterior or sensory root, the latter being distinguished by a ganglion, termed the 
spinal ganglion. 

Roots OF THE SPINAL NERVES 


The Anterior or Ventral Roots are motor in function, and arise from the 
motor cells in the anterior horn of grey matter ; and, passing through the -over- 
lying white substance, emerge on the anterior surface of the cord in three or 
four irregular rows. 

The Posterior or Dorsal Roots are sensory in function, and arise from the 
nerve-cells of the spinal ganglia, from which they can be traced into the cord 
in two main bundles, the course of which has already been studied (page 774). 

The anterior roots are smaller than the posterior, devoid of ganglionic 
enlargements, and their component fibrils are collected into two bundles, near 
the intervertebral foramina. 

The posterior roots of the nerves are larger, but the individual filaments are 
finer and more delicate than those of the anterior. As their component fibrils 
pass outwards, towards the aperture in the dura mater, they coalesce into two 
bundles, receive a tubular sheath from that membrane, and enter the ganglion 
which is developed upon each root. 

The posterior root of the first cervical nerve forms an exception to the rule, 
being smaller than the anterior. 
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GANGLIA OF THE SPINAL NERVES 


A ganglion is found upon the posterior root of each of the spinal nerves. 
These ganglia are of an oval form, and of a reddish colour ; they bear a proportion 
in size to that of the nerves upon which they are situated, and are placed in the 
intervertebral foramina, external to the point where the nerves perforate the dura 
mater. Each ganglion is bifid internally, where it is joined by the two bundles 


Fig. 621.—Diagram to show the composition of a peripheral nerve-trunk. 
(Böhm and Davidoff.) 
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of the posterior root, the two portions being united into a single mass externally. 
The ganglia upon the first and second cervical nerves form exceptions to this 
rule, being placed on the arches of the vertebra over which the nerves pass. 
The ganglia of the sacral nerves are placed within the spinal canal; and that 


on the coccygeal nerve, also in the canal, is situated at some distance from the 
origin of the posterior root. 


DISTRIBUTION OF THE SPINAL NERVES 


_ Immediately beyond the ganglion the two roots coalesce, their fibres inter- 
mingle, and the trunk thus formed constitutes the spinal nerve; it passes out of 
the intervertebral foramen, and divides into a posterior division for the supply 
of the posterior part of the body, and an anterior division for the supply of 
ae pakaipr part of the body; each division contains fibres from both nerve- 
_ Each spinal nerve receives a branch (grey ramus) from the sym ic ; whi 
in the case of the dorsal nerves, the ory cou lumbar, ia San ae 
third sacral spinal nerves, a branch (white ramus) passes from the spinal nerve 
into the corresponding ganglion of the sympathetic. 

Before dividing, each spinal nerve gives off a small recurrent or meningeal 
branch, which is joined by a filament from the communicating branch of the 
sympathetic. It passes inwards through the intervertebral foramen and supplies 
the dura mater, sending branches to the bones and ligaments. 

The posterior divisions of the spinal nerves are generally smaller than the 
anterior ; they arise from the trunk resulting from the union of the nerve-roots 
in the intervertebral foramina ; and, passing backwards, divide into internal and 
external branches, which are distributed to the muscles and integument on the 
posterior part of the trunk. The first cervical, the fourth and fifth sacral. and 
the coccygeal, do not divide into external and internal branches. 

A Tap patonior divisions of the spinal nerves supply antero-lateral parts of 
rae runk, and the limbs. They are for the most part larger than the posterior 
ivisions. In the dorsal region the anterior divisions of the spinal nerves are 
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quite separate from each other, and are uniform in their distribution ; but in the 
cervical, lumbar, and sacral regions they form intricate plexuses previous to 
their distribution. 


Points oF EMERGENCE OF THE SPINAL NERVES 


The roots of the first and second spinal nerves run almost transversely out- 
wards from their origin in the cord; all the others pass obliquely downwards 
and outwards to their point of exit from the intervertebral foramina : the amount 
of obliquity increasing from above downwards, and the level of their emergence 
from the cord is within certain limits variable, and of course does not correspond 
to that of their emergence from the intervertebral foramina. The accompanying 
table, from Macalister, shows the relation of these points of origin from the 
spinal cord to the bodies and spinous processes of the vertebra. 
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CERVICAL NERVES 


The roots of the cervical nerves increase in size from the first to the fifth, and 
then remain the same size to the eighth. The posterior roots bear a proportion 
to the anterior of 3 to 1, which is much greater than in any other region, the 
individual filaments being also much larger than those of the anterior roots. 
The posterior root of the first cervical is an exception to this rule: it is smaller 
than the anterior root. In direction, the roots of the cervical are less oblique 
than those of the other spinal nerves. The first cervical nerve is directed 
a little upwards and outwards; the second is horizontal; the others are directed 
obliquely downwards and outwards, the lowest being the most oblique, and 
consequently longer than the upper, the distance between their place of origin 
and their point of exit from the spinal canal never exceeding the depth of one 
vertebra. 

The trunk of the first cervical nerve leaves the spinal canal, between the 
occipital bone and the posterior arch of the atlas; the second, between the 
posterior arch of the atlas and the lamina of the axis ; and the eighth (the last), 
between the last cervical and first dorsal vertebra. 

Each nerve, at its exit from the intervertebral foramen, divides into a 
posterior and an anterior division. The anterior divisions of the four upper 
cervical nerves form the cervical plexus. The anterior divisions of the four 
lower cervical nerves, together with the greater part of the anterior division 
of the first dorsal nerve, form the brachial plexus. 


POSTERIOR DIVISIONS OF THE CERVICAL Nerves (fig. 622) 


The posterior division of the first cervical, or sub-occipital, nerve differs 
from the posterior divisions of the other cervical nerves in not dividing into an 
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internal and external branch. It is larger than the anterior division, and 
escapes from the spinal canal between the occipital bone and the posterior 
arch of the atlas, lying beneath the vertebral artery. It enters the sub-occipital 
triangle formed by the Rectus capitis posticus major, the Obliquus superior, 
and Obliquus inferior, and supplies the Recti and Obliqui muscles, and the 
Complexus. From the branch which supplies the Inferior oblique a filament 
is given off which joins the second cervical nerve. This nerve also occasionally 
gives off a cutaneous filament, which accompanies the occipital artery, and 
communicates with the great and small occipital nerves. 


Fra. 622.—Plan of the posterior divisions of the upper cervical nerves. 
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cranium. Itis now joined by a filament from the posterior division of the third 
cervical nerve, and, ascending on the back part of the head with the occipital 
artery, divides into two branches, which supply the integument of the scalp as 
far forwards as the vertex, communicating with the occipitalis minor. It gives 
off muscular branches to the Complexus, and occasionally an auricular branch to 
the back part of the ear. The external branch is often joined by the external 
branch of the posterior division of the third, and supplies the Splenius, Trachelo- 
mastoid, and Complexus. 

The posterior division of the third cervical is smaller than the preceding, but 
larger than the fourth; it differs from the posterior divisions of the remaining 
cervical nerves in supplying an additional filament, the third occipital nerve, 
to the integument of the occiput. The posterior division of the third nerve, like 
the others, divides into an internal and external branch. The internal branch 
passes between the Complexus and Semispinalis, and, piercing the Splenius and 
Trapezius, supplies the skin over the latter muscle; the external branch joins 
with that of the posterior division of the second to supply the Splenius, Trachelo- 
mastoid, and Complexus. 

The third occipital nerve arises from the internal or cutaneous branch beneath 
the Trapezius ; it then pierces that muscle, and supplies the skin on the lower 
and back part of the head. It lies to the inner side of the great occipital, with 
which it is connected. 

The posterior division of the sub-occipital nerve and the internal branches of 
the posterior divisions of the second and‘ third cervical nerves are occasionally 
joined beneath the Complexus by communicating branches. This communication 
is described by Cruveilhier as the posterior cervical plexus. 

The posterior divisions of the fourth, fifth, sixth, seventh, and eighth cervical 
nerves (fig. 629) pass backwards, and divide, behind the Intertransversales 
muscles, into internal and external branches. The internal branches, the larger, 
are distributed differently in the upper and lower part of the neck. Those derived 
from the fourth and fifth nerves pass between the Complexus and Semispinalis 
muscles, and, having reached the spinous processes, perforate the aponeurosis of 
the Splenius and Trapezius, and are continued outwards to the integument over 
the Trapezius, while those derived from the three lowest cervical nerves are 
small and placed beneath the Semispinalis colli, which they supply, and then 
pass into the Interspinales, Multifidus spine and Complexus, and send twigs 
through this latter muscle to supply the integument near the spinous processes 
(Hirschfeld). The external branches supply the muscles at the side of the neck, 
viz. the Cervicalis ascendens, Transversalis colli, and Trachelo-mastoid. 


ANTERIOR DIVISIONS OF THE CERVICAL NERVES 


The anterior division of the first cervical nerve is of small size. It escapes 
from the spinal canal through a groove upon the posterior arch of the atlas. 
In this groove it lies beneath the vertebral artery, to the inner side of the 
Rectus capitis lateralis. As it crosses the foramen in the transverse process of 
the atlas, it receives a filament from the sympathetic. It then descends, in front 
of this process, to communicate with an ascending branch from the second 
cervical nerve. l 

Communicating filaments connect the loop between this nerve and the second 
with the pneumogastric, the hypoglossal, and sympathetic, and some branches 
are distributed to the Rectus lateralis and the two Anterior recti. The fibres 
which communicate with the hypoglossal, simply pass through the latter 
nerve to become for the most part the descendens hypoglossi. According to 
Valentin, the anterior division of the sub-occipital distributes filaments to the 
occipito-atlantal articulation, and mastoid process of the temporal bone. 

The anterior division of the second cervical nerve escapes from the spinal 
canal, between the posterior arch of the atlas and the lamina of the axis, and, 
passing forwards on the outer side of the vertebral artery, divides, in front of the 
Intertransverse muscle, into an ascending branch, which joins the first cervical ; 
and one or two descending branches which join the third. It gives off the small 
occipital; a branch to assist in forming the great auricular; another to assist 
in forming the superficial cervical ; one of the communicantes hypoglossi, and a 
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filament to the Sterno-mastoid, which communicates in the substance of the 
le with the spinal accessory. | 

tthe anterior division of the third cervical nerve is double the size of the 
preceding. At its exit from the intervertebral foramen, it passes downwards 
and outwards beneath the Sterno-mastoid, and divides into two branches. The 
ascending branch joins the anterior division of the second cervical ; the descend- 
ing branch passes down in front of the Scalenus anticus, and communicates 
with the fourth. It gives off the larger part of the great auricular and super- 
ficial cervical nerves; one of the communicantes hypoglossi; a branch to the 
supraclavicular nerves ; a filament to assist in forming the phrenic ; and muscular 
branches to the Levator anguli scapule and Trapezius ; that to the Trapezius 
communicates beneath the muscle with the spinal accessory. Sometimes the 
nerve to the Scalenus medius is derived from this source. 

The anterior division of the fourth cervical is of the same size as the preceding. 
It receives a branch from the third, sends a communicating branch to the fift 
cervical, and, passing downwards and outwards, divides into numerous filaments, 
which cross the posterior triangle of the neck, forming the supraclavicular nerves. 
It gives origin to the main part of the phrenic nerve, while it is contained in the 
intertransverse space, and sometimes supplies a branch to the Scalenus medius 
muscle. It gives a branch to the Levator anguli scapuls, and also one to the 
Trapezius, which unites with the branch given off from the third nerve, and 
communicates beneath the muscle with the.spinal accessory. 

The anterior divisions of the fifth, sixth, seventh, and eighth cervical nerves 
are remarkable for their size. They are much larger than the preceding nerves, 
<a are all of equal dimensions. They assist in the formation of the brachial 
plexus. 


CERVICAL PLEXUS 


The cervical plexus (fig. 623) is formed by the anterior divisions of the four 
upper cervical nerves. It is situated opposite the four upper cervical vertebra, 
resting upon the Levator anguli scapule and Scalenus medius muscles, and 
covered by the Sterno-mastoid. 

Its branches are divided into two groups, superficial and deep, which may be 
thus arranged : 





Small occipital. 
Ascending | Grea auricular. 
Superficial Superficial or isin Poca 
Descending . Supraclavicular | Clavioular, 
Acromial., 
Communicating. 
ey Muscular. 
` |Communicantes hypoglossi. 
Deep . Phrenic. 
Communicating. 
External {Muse iai & 


SUPERFICIAL BRANCHES OF THE CERVICAL PLEXUS 


_ The Small Occipital (fig. 623) arises from the second cervical nerve, some- 
times also from the third; it curves round the posterior border of the Sterno- 
mastoid, and ascends, running parallel to the posterior border of the muscle, to 
the back part of the side of the head. Near the cranium it perforates the deep 
fascia, and is continued upwards along the side of the head behind the ear, 
supplying the integument, and communicating with the great occipital, the 
great auricular, and with the posterior auricular branch of the facial. 

This nerve gives off an auricular branch, which supplies the integument 
of the upper and back part of the auricle, communicating with the mastoid 
branch of the great auricular. This branch is occasionally derived from 
the great occipital nerve. The small ‘occipital varies in size: it is sometimes 
duplicated. 


The Great Auricular is the largest of the ascending branches. It arises 
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from the second and third cervical nerves, winds round the posterior border 
of the Sterno-mastoid, and, after perforating the deep fascia, ascends upon that 
muscle beneath the Platysma to the parotid gland, where it divides into facial, 
auricular, and mastoid branches. 

The facial branches are distributed to the integument of the face over the 


parotid gland ; others penetrate the substance of the gland, and communicate 
with the facial nerve. 


Fig. 623.—Plan of the cervical plexus. 
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The auricular branches ascend to supply the integument of the back of 
the pinna, except at its upper part, communicating with the auricular branches 
of the facial and pneumogastric nerves. A filament pierces the pinna to reach 
its outer surface, where it is distributed to the lobule and lower part of the 
concha, 
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The mastoid branch communicates with the small occipital and with the 
posterior auricular branch of -the facial, and is distributed to the integument 
behind the ear. : 

The Superficial or Transverse Cervical arises from the second and third 
cervical nerves, turns round the posterior border of the Sterno-mastoid about its 
middle, and, passing obliquely forwards beneath the external jugular vein to 
the anterior border of the muscle, perforates the deep cervical fascia, and divides 
beneath the Platysma into two branches, which are distributed to the antero- 
lateral parts of the neck. 

The ascending branch gives a filament which accompanies the external 
jugular vein; it then passes upwards to the submaxillary region, and divides 
into branches, some of which form a plexus with the cervical branches of the 
facial nerve beneath the Platysma ; others pierce that muscle, and are distributed 
to the integument of the upper half of the neck, at its fore part, as high as the 
chin. 

The descending branch (occasionally represented by two or more filaments) 
pierces the Platysma, and is distributed to the integument of the side and front 
of the neck, as low as the sternum. 

The Descending or Supraclavicular branches arise from the third and fourth 
cervical nerves: emerging beneath the posterior border of the Sterno-mastoid, 
they descend in the posterior triangle of the neck beneath the Platysma and 
deep cervical fascia. Near the clavicle they perforate the fascia and Platysma 
to become cutaneous, and are arranged, according to their position, into three 

oups. 
a The inner or sternal branches cross obliquely over the external jugular vein 
and the clavicular and sternal attachments of the Sterno-mastoid, and supply 
the integument as far as the median line. They furnish one or two filaments 
to the sterno-clavicular joint. 

The middle or clavicular branches cross the clavicle, and supply the 
integument over the Pectoral and Deltoid muscles, communicating with the 
cutaneous branches of the upper intercostal nerves. 

The external or acromial branches pass obliquely across the outer surface 
of the Trapezius and the acromion, and supply the integument of the upper 
and back part of the shoulder. 


DEEP BRANCHES OF THE CERVICAL PLEXUS. INTERNAL SERIES - 


The communicating branches consist of several filaments, which pass from 
the loop between the first and second cervical nerves in front of the atlas to the 
pneumogastric, hypoglossal, and sympathetic. The branch to the hypoglossal 
runs in company with that nerve, until the latter turns round the occipital 
artery; it then leaves it as the descendens hypoglossi (see page 889), being 
destined for the Infrahyoid muscles. The communicating branches also consist 
of filaments, which pass to all four cervical nerves from the superior cervical 

anglion of the sympathetic. A communicating branch also passes from the 
ourth to the fifth cervical. 

Muscular branches supply the Anterior recti and Rectus lateralis muscles ; 
they proceed from the first cervical nerve, and from the loop formed between it 
and the second. _ 

The Communicantes Hypoglossi (fig. 620) consist usually of two filaments, 
one being derived from the second, and the other from the third cervical. These 
filaments pass downwards on the outer side of the internal jugular vein, cross in 
front of the vein a little below the middle of the neck, and form a loop (ansa 
hypoglossi) with the descendens hypoglossi in front of the sheath of the carotid 
vessels (see page 889). Occasionally, the junction of these nerves takes place 
within the sheath. 

The Phrenic Nerve (internal respiratory of Bell) arises chiefly from the fourth 
cervical nerve with a few filaments from the third and a communicating branch 
from the fifth. It descends to the root of the neck, running obliquely across the 
front of the Scalenus anticus and beneath the Sterno-mastoid, the posterior belly 
of the Omo-hyoid, and the Transversalis colli and Suprascapular vessels. It next 
passes over the first part of the subclavian artery, between it and the subclavian 
vein, and, as it enters the chest, crosses the internal mammary artery near its 
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origin. Within the chest, it descends nearly vertically in front of the root of the 
lung, and by the side of the pericardium, between it and the mediastinal. portion 
of the pleura, to the Diaphragm, where it divides into branches, which separately 
pierce that muscle, and are distributed to its under surface. 

The two phrenic nerves differ in their length, and also in their relations at 
the upper part of the thorax. 

The right nerve is situated more deeply, and is shorter and more vertical in 
direction than the left; it lies on the outer side of the right vena innominata 
and superior vena cava. 

The left nerve is rather longer than the right, from the inclination of the 
heart to the left side, and from the Diaphragm being lower on this than on the 
opposite side. At the root of the neck, it is crossed by the thoracic duct ; in the 
superior mediastinum, it is placed between the left common carotid and left 
subclavian arteries, and crosses in front of the vagus and the arch of the aorta. 

In the thorax each phrenic nerve is accompanied by a branch of the internal 
mammary artery, the comes nervi phrenici. 

Each nerve supplies filaments to the pericardium and pleura, and near the 
chest is joined by a filament from the sympathetic, and, occasionally, by one 
from the union of the descendens hypoglossi with the spinal nerves; it frequently 
receives a filament from the nerve to the Subclavius muscle. Branches have 
been described as passing to the peritoneum. 

From the right nerve, one or two filaments pass to join in a small ganglion 
with phrenic branches of the solar plexus: and branches from this: ganglion are 
distributed to the hepatic plexus, the suprarenal capsule, and inferior vena cava. 
From the left nerve, filaments pass to join the phrenic plexus of the sympathetic, 
but without any ganglionic enlargement. 


DEEP BRANCHES OF THE CERVICAL PLEXUS. EXTERNAL SERIES 


Communicating branches.—The deep branches of the external series of the 
cervical plexus communicate with the spinal accessory nerve, in the substance of 
the Sterno-mastoid muscle, in the posterior triangle, and beneath the Trapezius. 

Muscular branches are distributed to the Sterno-mastoid, Trapezius, Levator 
anguli scapules, and Scalenus medius. 

The branch for the Sterno-mastoid is derived from the second cervical; the 
Trapezius and Levator anguli scapule receive branches from the third and 
fourth. The Scalenus medius is supplied sometimes by the third, sometimes by 
the fourth, and occasionally by both nerves. 


Tue BracuiaL Prexus (fig. 624) 


The Brachial Plexus is formed by the union of the anterior divisions of the 
four lower cervical nerves and the greater part of the anterior primary division 
of the first dorsal nerve, receiving usually a fasciculus from the fourth cervical 
nerve, and frequently one from the second dorsal nerve. It extends from the 
lower part of the side of the neck to the axilla. It is very broad and presents 
little of a plexiform arrangement at its commencement. It is narrow opposite 
the clavicle, becomes broad, and forms a more dense interlacement in the axilla, 
and divides opposite the coracoid process into numerous branches for the supply 
of the upper limb. The nerves which form the plexus are all similar in size, 
but their mode of communication is subject to some variation, so that no one 
plan can be given as applying to every case. The following is, however, the 
most constant arrangement: The fifth and sixth cervical unite together soon 
after their exit from the intervertebral foramina to form a common trunk. The 
eighth cervical and first dorsal also unite to form one trunk. So that the nerves 
forming the plexus, as they lie on the Scalenus medius, external to the outer 
border of the Scalenus anticus, are blended into three trunks: an upper one, 
formed by the junction of the fifth and sixth cervical nerves; a middle one, 
consisting of the seventh cervical nerve ; and a lower one, formed by the junction 
of the eighth cervical and first dorsal nerves. As they pass beneath the clavicle, 
each of these three trunks divides into two divisions, an anterior and a posterior." 


* The posterior division of the lower trunk is very much smaller than the others, and 
is frequently derived entirely from the eighth cervical nerve. 2 
3 
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The anterior divisions of the upper and middle trunks then unite to form a cord, 
which is situated on the outer side of the middle part of the axillary artery, 
and is called the outer cord of the brachial plexus. The anterior division of the 
lower trunk passes down on the inner side of the axillary artery in the middle 
of the axilla, and forms the inner cord of the brachial plexus. The posterior 
divisions of all three trunks unite to form the posterior cord of the brachial 
lexus, which is situated behind the second portion of the axillary artery. 
om this posterior cord are given off the three subscapular nerves, before it 
divides into the circumflex and musculo-spiral nerves. 

The brachial plexus communicates with the cervical plexus by a branch from 
the fourth to the fifth nerve, and with the phrenic nerve by a branch from the 
fifth cervical, which joins that nerve on the Anterior scalenus muscle: the fifth 
and sixth cervical nerves are joined by filaments from the middle cervical 


Fie. 624.—Plan of the brachial plexus. 
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ganglion of the sympathetic, the seventh and eighth cervical from its inferior 
anglion, and the first dorsal nerve from i ae 

iheir ae from rt ah e OS a ts first thoracic ganglion, close to 

‘Relations.—In the neck, the brachial plexus lies in the posteri ft 

being coveréd by the skin, Platysma, al deep fascia: it ny 
descending superficial cervical nerves, the posterior belly of the Omo-hyoid, the 
external jugular vein, and the Transversalis colli artery. When the posterior 
scapular artery arises from the third part of the subclavian, it usual y passes 
Lie pee uroa of the plexus. The plexus emerges from between the Anterior 
and Middle scaleni muscles; its upper part lies above and to the outer side 
of the third part of the subclavian artery, while the trunk formed by the union 
of the eighth cervical and first dorsal is placed behind the artery; it next 
asses behind the clavicle, the Subclavius muscle and suprascapular vessels, and 
es upon the first serration of the Serratus magnus, and the Subscapularis 
muscles. In the axilla it is placed on the outer side of the first pondionvot the 
axillary artery; it surrounds the artery in the second part of its course, one 
cord l ng upon the outer side of that vessel, one on the inner side and one 
behind it; and at the lower part of the axillary space gives off its terminal 
branches to the upper extremity. 
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_ Branches.—The branches of the brachial plexus are arranged into two groups, 
viz. those given off above the clavicle, and those below that bone. 


BRANCHES ABOVE THE CLAVICLE 


Communicating. Posterior thoracic. 
Muscular. Suprascapular, 


The communicating branch with the phrenic is derived from the fifth cervical 
nerve or from the loop between the fifth and sixth; it joins the phrenic on the 
Anterior scalenus muscle. The communications with the sympathetic have 
already been referred to. 

The muscular branches supply the Longus colli, Scaleni, Rhomboidei, and 
Subclavius muscles. Those for the Longus colli and Scaleni arise from the 
four lower cervical nerves at their exit from the intervertebral foramina. The 
rhomboid branch (posterior scapular) arises from the fifth cervical, pierces the 
Scalenus medius, and passes beneath the Levator. anguli scapulse, which it 
occasionally supplies, to the Rhomboid muscles. The nerve to the Subclavius 
is @ small filament, which arises from the fifth cervical at its point of junction 
with the sixth nerve; it descends in front of the third part of the subclavian 
artery and the lower cords of the plexus to the Subclavius muscle, and is 
usually connected by a filament with the phrenic nerve. 

The posterior thoracic nerve (long thoracic, external respiratory of Bell) 
(fig. 627) supplies the Serratus magnus, and is remarkable for the length of 
its course. Jt usually arises by three roots from the fifth, sixth, and seventh 
cervical nerves ; but the root from the seventh nerve may be absent. The roots 
from the fifth and sixth nerves pierce the Middle scalene muscle, while that 
from the seventh nerve emerges from in front of the muscle. The nerve passes 
down behind the brachial plexus and the axillary vessels, resting on the outer 
surface of the Serratus magnus. It extends along the side of the chest to the 
lower border of that muscle, supplying filaments to each of its digitations. 

The suprascapular nerve (fig. 628) arises from the cord formed by the fifth 
and sixth cervical nerves; passing obliquely outwards beneath the Trapezius 
and the Omo-hyoid, it enters the supraspinous fossa through the suprascapular 
notch, below the transverse or suprascapular ligament, and, passing beneath the 
Supraspinatus muscle, curves round the external border of the spine of the 
scapula to the infraspinous fossa. In the supraspinous fossa it gives off two 
branches to the Supraspinatus muscle, and an articular filament to the shoulder- 
joint; and in the infraspinous fossa it gives off two branches to the Infraspinatus 
muscle, besides some. Alamanite to the shoulder-joint and scapula. 


BRANCHES BELOW THE CLAVICLE 


The branches given off below the clavicle are derived from the three cords of 
the brachial plexus, in the following manner : 

From the outer cord arise the external anterior thoracic nerve, the musculo- 
cutaneous, and the outer head of the median. 

From the inner cord arise the internal anterior thoracic nerve, the internal 
cutaneous, the lesser internal cutaneous (nerve of Wrisberg), the ulnar and 
the inner head of the median. 

From the posterior cord arise the three subscapular nerves; the cord then 
divides into the musculo-spiral and circumflex nerves. 

These may be arranged according to the regions they supply : 


To the chest : . i . Anterior thoracics. 
To the shoulder . — 


Musculo-cutaneous. 
Internal cutaneous. 
To the arm, forearm, and hand . be Diar nternal cutaneous. 
Ulnar. 
Musculo-spiral. 
3M2 
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The fasciculi of which these nerves are composed may be traced through the 
plexus to the spinal nerves from which they originate. They are as follows : 


External anterior thoracic from 5th, 6th, and 7th cervical. 


Internal anterior thoracic ,, 8th cervical and Ist dorsal. 
Subscapular „ 5th, 6th, 7th, and 8th cervical. 
Circumflex ,, 5th and 6th cervical. 
Musculo-cutaneous „ 5th and 6th cervical. 

Internal cutaneous ,, 8th cervical and rst dorsal. 


Lesser internal cutaneous ,, 18st dorsal; sometimes also from the 
8th cervical. 


Median „ 6th, 7th, and 8th cervical, and rst dorsal. 
Ulnar „ 8th cervical and rst dorsal. 
Musculo-spiral „ 6th, 7th, and 8th cervical; sometimes also 


from the sth cervical and 1st dorsal. 


The Anterior Thoracic Nerves (fig. 627), two in number, supply the Pectoral 
muscles. 

The external anterior thoracic nerve, the larger of the two, arises from the 
outer cord of the brachial plexus, through which its fibres may be traced 
to the fifth, sixth, and seventh cervical nerves. It passes inwards, across the 
axillary artery and vein, pierces the costo-coracoid membrane, and is dis- 
tributed to the under surface of the Pectoralis major. It sends down a 
communicating filament to join the internal nerve, which forms a loop in front 
of the first part of the axillary artery. 

The internal anterior thoracic nerve arises from the inner cord, and through 
it from the eighth cervical and first dorsal. It passes behind the first part of the 
axillary artery, curves forwards between the axillary.artery and vein, and joins 
with the filament from the external nerve. It then passes to the under surface 
of the Pectoralis minor muscle, where it divides into a number of branches, 
which supply the muscle on its under surface. Some two or three branches 
pass through the muscle to supply the Pectoralis major. 

The Subscapular Nerves, three in number, supply the Subscapularis, Teres 
major, and Latissimus dorsi muscles. The fasciculi of which they are composed 
may be traced to the fifth, sixth, seventh, and eighth cervical nerves. 

The upper or short subscapular nerve, the smallest, enters the upper part of 
the Subscapularis muscle; this nerve is frequently represented by two branches. 

The lower subscapular nerve enters the axillary border of the Subscapularis, 
and terminates in the Teres major. The latter muscle is sometimes supplied by 
a separate branch. 

The middle or long subscapular, the largest of the three, follows the course of 

the subscapular artery, along the posterior wall of the axilla to the Latissimus 
dorsi, in which it may be traced as far as its lower border. 
_ The Circumflex Nerve (fig. 628) supplies some of the muscles, and part of the 
integument of the shoulder, and gives a branch to the shoulder-joint. It arises 
from the posterior cord of the brachial plexus, in common with the musculo-spiral 
nerve, and its fibres may be traced through the posterior cord to the fifth and 
sixth cervical nerves. It is at first placed behind the axillary artery, bétween 
it and the Subscapularis muscle, and passes downwards and outwards to the 
lower border of that muscle. It then winds backwards, in company with the 
posterior circumflex artery, through a quadrilateral space, bowtie above by 
the Subscapularis, below by the Teres major, internally by the long head of 
the Triceps, and externally by the surgical neck of the humerus, and divides 
into two branches. 

The upper branch winds round the surgical neck of the humerus, beneath the 
Deltoid, with the posterior circumflex vessels, as far as the anterior border of 
that muscle, supplying it, and giving off cutaneous branches, which pierce the. 
muscle and ramify in the integument covering its lower part. 

The lower branch, at its origin, distributes filaments to the Teres minor and 
back part of the Deltoid muscles. Upon the filament to the former muscle an 
oval enlargement usually exists. The nerve then pierces the deep fascia, and 
supplies the integument over the lower two-thirds of the posterior surface of the 
Deltoid, as well as that covering the long head of the Triceps. 
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gor 
The circumflex nerve, before its division, gives off an articular filament, which 
enters the shoulder-joint below the Subscapularis. 


The Musculo-cutaneous Nerve (fig. 627) arises from the outer cord of the 
brachial plexus, opposite the lower border of the Pectoralis minor, receiving 


_ Fic. 625.—Cutaneous nerves of Fre. 626.—Cutaneous nerves of 
right upper extremity. Anterior view. right upper extremity. Posterior view. 
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filaments from the fifth and sixth cervical nerves. It perforates the Coraco- 
brachialis muscle, passes obliquely between the Biceps and Brachialis anticus, 
to the outer side of the arm, and, a little above the elbow, becomes cutaneous 
by perforating the deep fascia on the outer side of the tendon of the Biceps. 
This nerve, in its course through the arm, supplies the Coraco-brachialis, 
Biceps, and the greater part of the Brachialis anticus muscles. -The branch to 
the Coraco-brachialis is given off from the nerve close to its origin, and in some 
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instances, especially in early life, as a separate filament from the outer cord of 
the plexus. It is derived from the seventh nerve, and is by some anatomists 
regarded as a separate nerve, more or less. closely incorporated with the 
musculo-cutaneous. The branches to the Biceps and Brachialis anticus are 
given off after the nerve has pierced the Coraco-brachialis. The nerve also 
sends a small branch to the bone, which enters the nutrient foramen with the 
accompanying artery, and a filament, from the branch supplying the Brachialis 
anticus, to the elbow-joint. 

The cutaneous portion of the nerve passes behind the median cephalic 
vein, = divides, opposite the elbow-joint, into an anterior and a posterior 
branch. 

The anterior branch descends along the radial border of the forearm to the 
wrist, and supplies the integument over the outer half of its anterior surface. 
At the wrist-joint it is placed in front of the radial artery, and some filaments, 
piercing the deep fascia, accompany that vessel to the back of the wrist, 
and supply the carpus. The nerve then passes downwards to the ball of the 
thumb, where it terminates in cutaneous filaments. It communicates with a 
— from the radial nerve, and with the palmar cutaneous branch of the 
median. 

The posterior branch passes downwards, along the back part of the radial 
side of the forearm, to the wrist. It supplies the integument of the lower two- 
thirds of the forearm, communicating with the radial nerve and the external 
cutaneous branch of the musculo-spiral. 

The musculo-cutaneous nerve presents frequent irregularities. It may 
adhere for some distance to the median and then pass outwards, beneath the 
Biceps, instead of through the Coraco-brachialis. Frequently some of the fibres 
of the median run for some distance in the musculo-cutaneous and then leave it 
to joe their proper trunk. Less frequently the reverse is the case, and the 
median sends a branch to join the musculo-cutaneous. Instead of piercing 
the Coraco-brachialis the nerve may pass under it or through the Biceps. 
Occasionally it gives a filament to the Pronator teres, and it has been seen to 
supply the back of the thumb when the radial nerve was absent. 

The Internal Cutaneous Nerve (fig. 627) is one of the smallest branches of 
the brachial plexus. It arises from the inner cord in common with the ulnar 
and internal head of the median, and, at its commencement, is placed on the 
inner side of the axillary, and afterwards of the brachial artery. It derives its 
fibres from the eighth cervical and first dorsal nerves. It passes down the inner 
side of the arm, pierces the deep fascia with the basilic vein, about the middle 
of the upper arm, and, becoming cutaneous, divides into two branches, anterior 
and posterior. 

This nerve gives off, near the axilla, a filament, which pierces the fascia and 
supplies the integument covering the Biceps muscle, nearly as far as the elbow. 
This filament lies a little external to the common trunk, from which it arises. 

The anterior branch, the larger of the two, passes usually in front of, but 
ocgapionally behind, the median basilic vein. It then descends on the anterior 
surface of the ulnar side of the forearm, distributing filaments to the integument 
ee as the wrist, and communicating with a cutaneous branch of the ulnar 

Ə. 

The posterior branch passes obliquely downwards on the inner side of the 
basilic vein, in front of the internal epicondyle of the humerus to the back of 
the forearm, and descends on the posterior surface of its ulnar side as far as 
the wrist, distributing filaments to the integument. It communicates with the 
lesser internal cutaneous, the lower external cutaneous branch of the musculo- 
spiral, and the dorsal branch of the ulnar nerve. 

The Lesser Internal Cutaneous Nerve (nerve of Wrisberg) is distributed to 
the integument on the inner side of the arm (fig. 627). Itis the smallest of the 
branches of the brachial plexus, and arising from the inner cord, with the 
internal cutaneous and ulnar nerves, receives its fibres from the first dorsal 
nerve, and sometimes from the eighth cervical. It passes through the axilla 
space, at first lying behind, and then on the inner side of the axillary vein, an 
a with the intercosto-humeral nerve. It descends along the inner 
= e of the brachial artery to the middle of the arm, where it pierces the deep 
ascla, and is distributed to the integument of the back part of the lower third of 
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Fre. 627.—Nerves of the left upper extremity, 
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the arm, extending as far as the elbow, where some filaments are lost in the 
integument in front of the inner epicondyle, and others over the olecranon. It 
communicates with the posterior branch of the internal cutaneous nerve. 

In some cases the nerve of Wrisberg and intercosto-humeral are connected 
by two or three filaments, which form a plexus at the back part of the axilla. 
In other cases, the intercosto-humeral is of large size, and takes the place of 
the nerve of Wrisberg, receiving merely a filament of communication from the 
brachial plexus, which represents the latter nerve. In other cases, this filament 
ig wanting, the place of the nerve of Wrisberg being supplied entirely from the 
intercosto-humeral. l l 

The Median Nerve (fig. 627) has received its name from the course it takes 
along the middle of the arm and. forearm to the hand, lying between the ulnar 
and the musculo-spiral and radial nerves. It arises by two roots, one from the 
outer, and one from the inner cord of the brachial plexus; these embrace the 
lower part of the axillary artery, uniting either in front or on the outer side of 
that vessel. It receives filaments from the sixth, seventh, and eighth cervical 
and the first dorsal nerves. As it descends through the arm, ìt lies at first on 
the outer side of the brachial artery, crosses that vessel in the middle of its 
course, usually in front of, but occasionally behind it, and lies on its inner side 
to the bend of the elbow, where it is placed beneath the bicipital fascia, and is 
separated from the elbow-joint by the Brachialis anticus. In the forearm it 
passes between the two heads of the Pronator radii teres and crosses the ulnar 
artery, from which it is separated by the deep head of the Pronator radii teres. 
It descends beneath the Flexor sublimis, lying on the Flexor profundus, to within 
two inches above the annular ligament, where it becomes more superficial, lying 
between the tendons of the Flexor sublimis and Flexor carpi radialis, beneath, 
and rather to the radial side of, the tendon of the Palmaris longus, covered 
by the integument and fascia. It then passes beneath the anterior annular 
ligament into the hand. In its course through the forearm it is accompanied 
by a branch of the anterior interosseous artery. 

Branches.— With the exception of the nerve to the Pronator teres, which some- 
times arises above the elbow-joint, the median nerve gives off no branches in the 
arm. As it passes in front of the elbow, it supplies one or two articular twigs to 
the joint. In the forearm its branches are, muscular, anterior interosseous, and 
palmar cutaneous. 

The muscular branches supply all the superficial muscles on the front of the 
forearm, except the Flexor carpi ulnaris. These branches are derived from the 
nerve near the elbow. 

The anterior interosseous supplies the deep muscles on the front of the 
forearm, except the inner half of the Flexor profundus digitorum. It accom- 
panies the anterior interosseous artery along the interosseous membrane, in the 
interval between the Flexor longus pollicis and Flexor profundus digitorum 
muscles, supplying the whole of the former and the outer half of the latter, and 
terminates below in the Pronator quadratus and wrist-joint. 

The palmar cutaneous branch arises from the median nerve at the lower part 
of the forearm. It pierces the fascia above the annular ligament, and descending 
over that ligament, divides into two branches: of which the outer supplies the 
skin over the ball of the thumb, and communicates with the anterior cutaneous 
branch of the musculo-cutaneous nerve ; and the inner supplies the integument 
of the palm of the hand, communicating with the cutaneous branch of the ulnar. 

In the palm of the hand, the median nerve is covered by the integument and 
palmar fascia, and crossed by the superficial palmar arch. It rests upon the 
tendons of the flexor muscles. In this situation it becomes enlarged, somewhat 
flattened, of a reddish colour, ‘and divides into two branches. Of these, the 
external supplies a muscular branch to some of the muscles of the thumb, and 
digital branches to the thumb and radial side of the index finger ; the internal 
supplies digital branches to the contiguous sides of the index and middle, and of 
the middle and ring fingers. j 

The branch to the muscles of the thumb is a short nerve, which divides to supply 
the Abductor, Opponens, and the superficial head of the Flexor brevis pollicis 
muscles; the remaining muscles of this group being supplied by the ulnar nerve. 

The digital branches are five in number, The Jirst and second pass along the 
borders of the thumb, the external branch communicating with branches of the 
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radial nerve, The third passes along the radial side of the index finger, and 
supplies the First lumbrical muscle. The fourth subdivides to supply the 
adjacent sides of the index and middle fingers, and sends a branch to the Second 
lumbrical muscle. The fifth supplies the adjacent sides of the middle and ring 
fingers, and communicates with a branch from the ulnar nerve. 

Hach digital nerve, opeenite the base of the first phalanx, gives off a dorsal 
branch, which joins the dorsal digital nerve from the radial, and runs along the 
side of the dorsum of the finger, to end in the integument over the last phalanx. 
At the end of the finger, the digital nerve divides into a palmar and a dorsal 
branch : the former of which supplies the extremity of the finger, and the latter 
ramifies round and beneath the nail. The digital nerves, as they run along the 
fingers, are placed superficially to the digital arteries. 

_ The Ulnar Nerve (fig. 627) is placed along the inner or ulnar side of the upper’ 
limb, and is distributed to the muscles and integument of the forearm and hand. 
It is smaller than the median, behind which it is placed, diverging from it in its 
course down the arm. It arises from the inner cord of the brachial plexus, in 
common with the inner head of the median and the internal cutaneous nerve, 
and derives its fibres from the eighth cervical and first dorsal nerves. At its 
commencement it lies to the inner side of the axillary artery, and holds the same 
relation with the brachial artery to the middle of the arm. Here it pierces the 
internal intermuscular septum, runs obliquely across the internal head of the 
Triceps, and descends to the groove between the internal epicondyle and the 
olecranon, accompanied by the inferior profunda artery. At the elbow, it rests 
upon the back of the inner epicondyle, and passes into the forearm between the 
two heads of the Flexor carpi ulnaris. In the forearm, it descends in a perfectly 
straight course along its ulnar side, lying upon the Flexor profundus digitorum, 
its upper half being covered by the Flexor carpi ulnaris, its lower half lying on 
the outer side of the muscle, covered by the integument and fascia. The ulnar 
artery, in the upper third of its course, is separated from the ulnar nerve by a 
considerable interval ; but in the rest of its extent the nerve lies to its inner 
side. At the wrist the ulnar nerve crosses the annular ligament on the outer side 
of the pisiform bone, to the inner side of, and a little behind, the ulnar artery, 
and immediately beyond this bone divides into two branches, superficial and deep 
palmar. 

The branches of the ulnar nerve are : 


Articular (elbow). 
[Masonlar 
In the forearm Palmar cutaneous. 
Dorsal cutaneous. 
Articular (wrist). 


Superficial palmar. 
In the hand l Deep palmar. 


The articular branches to the elbow-joint consist of several small filaments. 
They arise from the nerve as it lies in the groove between the inner epicondyle 
and olecranon. 

The muscular branches are two in number: one supplying the Flexor carpi 
ulnaris ; the other, the inner half of the Flexor profundus digitorum. They arise 
from the trunk of the nerve near the elbow. 

The palmar cutaneous arises from the ulnar nerve about the middle of the 
forearm, and runs downwards, lying on the ulnar artery, giving off some filaments 
to the vessel. Just above the annular ligament, it perforates the deep fascia and 
ends in the integument of the palm, communicating with the palmar branch of 
the median nerve. 

The dorsal cutaneous branch arises about two inches above the wrist; it 
passes backwards beneath the Flexor carpi ulnaris, perforates the deep fascia, 
and, running along the ulnar side of the back of the wrist and hand, divides into 
branches: one of these supplies the inner side of the little finger; a second 
supplies the adjacent sides of the little and ring fingers ; a third joins the branch 
of the radial nerve which supplies the adjoining sides of the middle and ring 
fingers, and assists in supplying them ; a fourth is distributed to the metacarpal 
region of the hand, communicating with a branch of the radial nerve. 

On the little finger the dorsal digital branches only extend as far as the base 
of the terminal phalanx, and on the ring finger as far as the base of the second 
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phalanx; the more distal parts of these digits are supplied by dorsal branches 
derived from the palmar digital branches of the ulnar. — l l 

The superficial palmar branch supplies the Palmaris brevis, and the integu- 

ment on the inner side of the hand, and terminates in two digital branches, which 

are distributed, one to the 

Fig. 628.—The suprascapular, circumflex, and ulnar side of the little finger, 

musculo-spiral nerves. the other to the adjoining sides 

of the little and ring fingers, 


Suprascapular Z . e e 
Ņ the latter communicating with 






wewee e A a branch from the median. 
a A ANA, The digital branches are dis- 


tributed to the fingers in the 
same manner as the digital 
branches of the median. 
WAN The deep palmar branch, 
anr Circumsples accompanied by the deep 
ain branch of the ulnar artery, 
passes between the Abductor 
and Flexor brevis minimi 
digiti muscles; it then per- 
forates the Opponens minimi 
digiti and follows the course 
of the deep palmar arch be- 
neath the flexor tendons. At 
its origin it supplies the 
ht Te) muscles of the little finger. 
PRAV \y— Musculo-spiral As it crosses the deep part of 
RTA the hand, it supplies all the 
Interossei muscles and the two 
inner Lumbricales; it ends 
by supplying the Adductores 
transversus et obliquus pol- 
licis and the inner head of the 
Flexor brevis pollicis. It also 
sends articular filaments to 
À Posterior the wrist-joint. 
NYE, interosseous It will be remembered that 
WN the inner part of the Flexor 
profundus digitorum is sup- 
plied by the ulnar nerve; the 
two inner Lumbricales, which 
are connected with the tendons 
of this part of the musele, 
are therefore supplied by the 
same nerve. The outer part of 
the Flexor profundus is sup- 
plied by the median nerve: the 
two outer Lumbricales, which 
are connected with the tendons 
of this part of the muscle, are 
therefore supplied by the same 
nerve. Brooks stated that in 
twelve instances out of twenty- 
one he found that the third 
lumbrical received a twig from 
the median nerve, in addition 
to its branch from the ulnar. 
The Musculo-spiral nerve (fig. 628), the largest branch of the brachial plexus, 
supplies the muscles of the back part of the arm and forearm, and the integu- 
ment of the same parts, as well as that of the back of the hand. Tt arises from 
the posterior cord of the brachial plexus, of which it may be regarded as the 
continuation. It receives filaments from the sixth, seventh, and eighth, and some- 
times also from the fifth cervical and first dorsal nerves. At its commencement 


Ada 
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it is placed behind the axillary and upper part of the brachial arteries, passing 
down in front of the tendons of the Latissimus dorsi and Teres major. It winds 
round the humerus in the musculo-spiral groove with the superior profunda 
artery, passing from the inner to the outer side of the bone, between the internal 
and external heads of the Triceps muscle. It pierces the external intermuscular 
septum, and descends between the Brachialis anticus and Brachio-radialis to the 
front of the external epicondyle, where it divides into the radial and posterior 
interosseous nerves. 
The branches of the musculo-spiral nerve are : 


Muscular. Radial. 
Cutaneous. Posterior interosseous. 


The muscular branches are divided into internal, posterior, and external; they 
supply the Triceps, Anconeus, Brachio-radialis, Extensor carpi radialis longior, 
and Brachialis anticus. These branches are derived from the nerve, at the 
inner side, back part, and outer side of the arm respectively. 

The internal muscular branches supply the inner and middle heads of the 
Triceps muscle. That to the inner head of the Triceps is a long, slender fila- 
ment, which lies close to the ulnar nerve, as far as the lower third of the arm, 
and is therefore frequently spoken of as the ulnar collateral. 

The posterior muscular branch, of large size, arises from the nerve in the 
groove between the Triceps and the humerus. It divides into branches, which 
supply the inner and outer heads of the Triceps and the Anconeus muscles. The 
branch for the latter muscle is a long, slender filament, which descends in the 
substance of the inner head of the Triceps to the Anconeus. 

The external muscular branches supply the Brachio-radialis, Extensor carpi 
radialis longior, and (usually) the outer part of the Brachialis anticus. 

The cutaneous branches are three in number, one internal and two external. 

The internal cutaneous branch arises in the axillary space, with the inner 
muscular branch. It is of small size, and passes through the axilla to the inner 
side of the arm, supplying the integument on its posterior aspect nearly as far 
as the olecranon. In its course it crosses beneath the intercosto-humeral, with 
which it communicates. 

The two external cutaneous branches perforate the outer head of the Triceps, 
at its attachment to the humerus. The upper and smaller one passes to the 
front of the elbow, lying close to the cephalic vein, and supplies the integument 
of the lower half of the arm on its anterior aspect. The lower branch pierces the 
deep fascia below the insertion of the Deltoid, and: passes down along the outer 
side of the arm and elbow, and then along the back part of the radial side of the 
forearm to the wrist, supplying the integument in its course, and joining, near its 
termination, with the posterior cutaneous branch of the musculo-cutaneous nerve. 

The radial nerve passes along the front of the radial side of the forearm to 
the commencement of its lower third. It lies at first a little to the outer side of 
the radial artery, concealed beneath the Brachio-radialis. In the middle third 
of the forearm, it lies beneath the same muscle, in close relation with the outer 
side of the artery. It quits the artery about three inches above the wrist, passes 
beneath the tendon of the Brachio-radialis, and, piercing the deep fascia at the 
outer border of the forearm, divides into two branches. 

The external branch, the smaller of the two, supplies the integument of 
the radial side and ball of the thumb, joining with the anterior branch of the 
musculo-cutaneous nerve. 

The internal branch communicates, above the wrist, with the posterior 
cutaneous branch from the musculo-cutaneous, and, on the back of the hand, 
with the dorsal cutaneous branch of the ulnar nerve. It then divides into four 
digital nerves, which are distributed as follows: the first supplies the ulnar side 
of the thumb; the second, the radial side of the index finger; the third, the 
adjoining sides of the index and middle fingers; and the fourth, the adjacent 
borders of the middle and ring fingers.* The latter nerve communicates with a 
filament from the dorsal branch of the ulnar nerve. 


* According to Hutchinson, the digital nerve to the thumb reaches only as high as 
the root of the nail: the one to the forefinger as high as the middle of the second 
phalanx: and the one to the middle and ring fingers not higher than the first phalangeal 
joint.—London Hos. Gaz. vol. iii. p. 319. 
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The posterior interosseous nerve winds to the back of the forearm round the 
outer side of the radius, passes between the two planes of fibres of the Supinator 
brevis, and is prolonged downwards between the superficial and deep layer of 
muscles, to the middle of the forearm. Considerably diminished in size, it 
descends on the interosseous membrane, beneath the Extensor longus pollicis, to 
the back of the carpus, where it presents a gangliform enlargement from which 
filaments are distributed to the ligaments and articulations of the carpus. It 
supplies all the muscles on the radial side and posterior aspect of the forearm, 
excepting the Anconeus, Brachio-radialis, and Extensor carpi radialis longior. 


Surgical Anatomy.—tThe brachial plexus may be injured by falls from a height on 
to the side of the head and shoulder, whereby the nerves of the plexus are violently 
stretched, and under these circumstances the fifth cervical nerve sustains the greatest 
amount of injury, and the subsequent paralysis may be confined to the muscles supplied 
by this nerve. These are the Deltoid, Biceps, Brachialis anticus, and the Brachio- 
radialis, with sometimes the Supra- and Infra-spinatus and the Supinator brevis. The 
position of the limb, under such conditions, is characteristic: the arm hangs by the 
side and is rotated inwards; the forearm is extended and pronated. The arm cannot be 
raised from the side; all power of flexion of the elbow is lost, as is also supination of the 
forearm. This is known as Erb’s paralysis, and a very similar condition is occasionally 
met with in new-born children, either from injury to the fifth nerve from the pressure of 
forceps used in effecting delivery, or from traction of the head in breech presentations. 
The brachial plexus may also be injured by violent traction on the arm, or by efforts 
at reducing a dislocation of the shoulder-joint ; and the amount of paralysis will depend 
upon the amount of injury to the constituent nerves. When the entire plexus is 
involved, the whole of the upper extremity will be paralysed and anesthetic. In these 
cases the injury appears to be rather a tearing away of the roots of the nerves from 
their origin in the spinal cord, than a solution of continuity in the nerves them- 
selves. The nerves of the brachial plexus may also be lacerated by direct violence, 
generally in gunshot injury. In these cases, the lower nerves—that is to say, the last 
cervical and the first dorsal—are generally the ones involved. When these trunks are 
injured, the muscles of the hand are the ones principally implicated, those of the 
shoulder and arm escaping. The fingers become clawed, and there is inability to abduct 
and adduct them. The brachial plexus in the axilla is often damaged from the pressure 
of a crutch, producing the condition known as ‘crutch paralysis.’ In these cases the 
musculo-spiral appears most frequently to be the nerve which is chiefly implicated; the 
ulnar nerve being the one that appears to suffer next in frequency. 

The circumflex nerve is of particular surgical interest. On account of its course 
round the surgical neck of the humerus, itis Hable to be torn in fractures of this part of 
the bone, and in dislocations of the shoulder-joint, leading to paralysis of the Deltoid, 
and, according to Erb, inflammation of the shoulder-joint is liable to be followed by a 
neuritis of this nerve from extension of the inflammation to it. 

Hilton takes the circumflex nerve as an illustration of a law which he lays down, 
that ‘the same trunks of nerves whose branches supply the groups of muscles moving 
a joint, furnish also a distribution of nerves to the skin over the insertions of the same 
muscles, and the interior of the joint receives its nerves from the same source.’ In this 
way he explains the fact that an inflamed joint becomes rigid, because the same 
e which supply the interior of the joint supply the muscles also which move that 
joint. 

The median nerve is liable to injury in wounds of the forearm. When paralysed, 
there is loss of flexion of the second phalanges of all the fingers, and of the terminal 
phalanges of the index and middle fingers. Flexion of the terminal phalanges of the 
ring and little fingers is effected by that portion of the Flexor profundus digitorum which 
is supplied by the ulnar nerve. There is power to flex the proximal phalanges through 
the Interossei. The thumb cannot be flexed or opposed, and is maintained in a position 
of extension and adduction. There is loss in the power of pronating the forearm; the 
Brachio-radialis has the power of bringing the forearm into a position of mid-pronation, 
but beyond this no further pronation can be effected. The wrist can be flexed, if the 
hand is first adducted, by the action of the Flexor carpi ulnaris. There is loss or 
impairment of sensation on the palmar surface of the thumb, index, middle, and outer 
half of ring fingers, and on the dorsal surface of the same fingers over the last two 
phalanges; except in the thumb, where the loss of sensation would be limited to the 
back of the last phalanx. In order to expose the median nerve, for the purpose of 
stretching, an incision should be made along the radial side of the tendon of the Palmaris 
longus, which serves as a guide to the nerve. 

The ulnar nerve is also liable to be injured in wounds of the forearm. When 
paralysed, there is impaired power of ulnar flexion and extension, and upon an attempt 
being made to flex the wrist, the hand is drawn to the radial side from paralysis of the 
Flexor carpi ulnaris: there is inability to spread out the fingers from paralysis of the 
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Interossei, and from the same cause the fingers, especially the ring and little fingers, 
cannot be flexed at the metacarpo-phalangeal joints or extended at the interphalangeal 
joints, and the hand assumes a claw shape from the action of the opposing muscles ; there 
is loss of power of flexion in the little and ring fingers; and there is inability to adduct 
the thumb. The muscles of the hypothenar eminence become wasted. Sensation is lost, 
or impaired, in the skin supplied by the nerve. In order to expose the nerve in the 
lower part of the forearm, an incision should be made along the outer border of the 
tendon of the Flexor carpi ulnaris, and the nerve will be found lying on the ulnar side 
of the ulnar artery. 

The musculo-spiral nerve is probably more frequently injured than any other nerve 
of the upper extremity. In consequence of its close relationship to the humerus, as it 
lies in the musculo-spiral groove, it is often torn or injured in fractures of this bone, 
or subsequently involved in the callus that may be thrown out around a fracture and 
thus pressed upon and its functions interfered with. It is also liable to be contused 
against the bone by kicks or blows, or to be divided by wounds of the arm. When 
paralysed, the hand is flexed at the wrist and lies flaccid. This is known as ‘ drop-wrist.’ 
The fingers are also flexed, and on an attempt being made to extend them, the last two 
phalanges only will be extended, through the action of the Interossci; the first phalanges 
remaining flexed. There is no power of extending the wrist. Supination is completely 
lost when the forearm is extended on the arm, but is possible to a certain extent if the 
forearm is flexed so as.to allow of the action of the Biceps. The power of extension 
of the forearm is lost on account of paralysis of the Triceps, if the injury to the nerve 
has taken place near its origin, The best position in which to expose the nerve, for 
the purpose of stretching, is to make an incision along the inner border of the Brachio- 
radialis, just above the level of the elbow-joint. The skin and superficial structures are 
to be divided and the deep fascia exposed. The white line in this structure indicating 
the border of the muscle is to be defined, and the deep fascia divided in this line. By 
now raising the Brachio-radialis, the nerve will be found lying beneath it, on the 
Brachialis anticus. 


DORSAL NERVES (fig. 629) 


The dorsal or thoracic nerves are twelve in number on each side. The first 
appears between the first and second dorsal vertebre, and the twelfth between 
the last dorsal and first lumbar. 

The roots of the dorsal nerves are of small size, and vary very little from the 
second to the last. Both roots are very slender ; the posterior roots only slightly 
exceeding the anterior in thickness. They gradually increase in length from 
above downwards, and, in the lower part of the dorsal region, pass down in 
contact with the spinal cord for a distance equal to the height of, at least, two 
vertebræ, before they emerge from the spinal canal. They then join in the 
intervertebral foramen, and, at their exit, divide into two primary divisions, 
a posterior (dorsal) and an anterior (intercostal). aes 

The first, the second, and the last dorsal nerves are peculiar in some 


respects. 
POSTERIOR DIVISIONS oF THE DORSAL NERVES 


The posterior divisions of the dorsal nerves, which are smaller than the 
anterior, pass backwards between the transverse processes, and divide into 
internal and external branches. 

The internal branches of the six wpper nerves pass inwards between the Semi- 
spinalis dorsi and Multifidus spins muscles, which they supply; and then, 
piercing the origins of the Rhomboidei and Trapezius muscles, become cutaneous 
by the side of the spinous processes and ramify in the integument. The internal 
branches of the six lower nerves are distributed to the Multifidus spine, without 

iving off any cutaneous filaments. 
ai The il branches increase in size from above downwards. They pass 
_ through the Longissimus dorsi, to the cellular interval between it and the Ilio- 
costalis, and supply those muscles, as well as their continuations upwards to the 
head, and the Levatores costarum ; the five or six lower nerves also give c 
cutaneous filaments, which pierce the Serratus posticus inferior and Latissimu. 
dorsi, in a line with the angles of the ribs, and then ramify in the integument. 

The cutaneous branches of the posterior primary divisions of the dorsal nerves 
are twelve in number. The six upper cutaneous nerves are derived from the 
internal branches of the posterior divisions of the corresponding dorsal nerves. 
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They pierce the origins of the Rhomboidei and Trapezius muscles, and become 
pe ee by the side of the spinous processes, and then ramify in the integu- 
ment. They are frequently furnished with gangliform enlargements. The six 
lower cutaneous nerves are derived from the external branches of the posterior 
divisions of the corresponding dorsal nerves. They pierce the Serratus posticus 
inferior and Latissimus dorsi, in a line with the angles of the ribs, and then 


ramify in the integument. 


Anterior DIVISIONS oF THE DORSAL NERVES 


The anterior divisions of the dorsal nerves are twelve in number on each 
side. Eleven of them are situated between the ribs, and are therefore termed 
intercostal; the twelfth lies below the last rib. They are, for the most part, 
distributed to the parietes of the thorax and abdomen, separately from each 
other, i.e. without being joined in a plexus ; in which respect they differ from the 
other spinal nerves. ach nerve is connected with the adjoining ganglia of the 
apn iatic by one or two filaments. The intercostal nerves may be divided 
into two sets, from the difference they present in their distribution. The six 
upper, with the exception of the first and the intercosto-humeral branch of the 
second, are limited in their distribution to the parietes of the chest. The five 
lower supply the parietes of the chest and abdomen; the twelfth dorsal is 
distributed to the abdominal wall and the skin of the buttock. 

The first dorsal nerve.—The anterior division of the first dorsal nerve divides 
into two branches: one, the larger, leaves the thorax in front of the neck of the 
first rib, and enters into the formation of the brachial plexus ; the other and 
smaller branch runs along the first intercostal space, forming the first intercostal 
nerve, and terminates on the front of the chest, by forming the first anterior 
cutaneous nerve of the thorax. Occasionally this anterior cutaneous branch is 
wanting. The first intercostal nerve as a rule gives off no lateral cutaneous 
branch ; but sometimes a small branch is given off, which communicates with 
the intercosto-humeral. It frequently receives a connecting twig from the 
second dorsal nerve, which passes upwards over the neck of the second rib. 

The upper dorsal nerves.—The anterior divisions of the second, third, fourth, 
fifth, and sixth dorsal nerves and the small branch from the first dorsal are 
confined to the parietes of the thorax, and are named thoracic intercostal nerves. 
They pass forwards in the intercostal spaces with the intercostal vessels, being 
situated below the latter. At the back of the chest they lie between the pleura 
and the External intercostal muscles, but are soon placed between the two planes 
of Intercostal muscles as far as the middle of the rib. They then enter the 
substance of the Internal intercostal muscles, and, running amidst their fibres as 
far as the costal cartilages, they gain the inner surface of the muscles and lie 
between them and the pleura. Near the sternum, they cross in front of the 
internal mammary artery and Triangularis sterni muscle, pierce the Internal 
intercostal muscles, the anterior intercostal membranes, and Pectoralis major 
muscle, and supply the integument of the front of the chest and over the 
mammary gland, forming the anterior cutaneous nerves of the thorax; the 
branch from the second nerve is joined with the supraclavicular nerves of the 
cervical plexus. 

Branches.—Numerous slender muscular filaments supply the Intercostals, 
the Infracostales, the Levatores costarum, Serratus posticus superior, and 
Triangularis sterni muscles. Some of these branches, at the front of the chest, 
cross the costal cartilages from one to another intercostal space. 

Lateral cutaneous nerves.—These are derived from the intercostal nerves, 
midway between the vertebree and sternum; they pierce the External inter- 
ce and Serratus magnus muscles, and divide into two branches, anterior and 
posterior. 

The anterior branches are reflected forwards to the side and the fore part of 
the chest, supplying the integument of the chest and mamma ; those of the fifth 
and sixth nerves supply the upper digitations of the External oblique. 

-The posterior branches are reflected backwards, to supply the integument over 
the scapula and Latissimus dorsi. 

The lateral cutaneous branch of the second intercostal nerve is of large size, 
and does not divide, like the other nerves, into an anterior and a posterior 
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Fia. 629.—Superficial and deep distribution of the posterior divisions of the spina] nerv 
(after Hirschfeld and Leveillé). On the left side the cutaneous branches ee aoe 
lying on the superficial layer of muscles. On the right side the superficial muscles 
have been removed, the Splenius capitis and Complexus divided in the neck, and the 
Erector spine divided and partly removed in the back, so as to expose the posterior 
divisions of the spinal nerves near their origin. 





a, a. Lesser occipital nerve from the cervical plexus. 1. External muscular branches of the first cervical nerve, and 
union by a loop with the second. 2. Placed on the Rectus capitis posticus major muscle, marks the great occipital 
nerve (2'), passing round the short muscles and piercing the Complexus : the external branch is seen to the outside. 
3. External branch from the posterior division of the third nerve. 3’. Its internal branch, sometimes called the third 
occipital. 4’ to 8’. The internal branches of the several corresponding nerves on the left side, The external 
branches of these nerves, proceeding to muscles, ate displayed on the right side. @ x to d 6 and thence to d r2 
External muscular branches of the posterior divisions of the 12 dorsal nerves on the right side. dr'tod 6’. The 
internal cutaneous branches of the six upper dorsal nerves on the left side. @7/ tod 12’. Cutaneous twigs from the 
external branches of the six lower dorsal nerves. J, 7, External branches from the posterior divisions of several 
lumbar nerves on the right side, piercing the muscles, the lower descending over the gluteal region. 2’ i’, The 
same, more superficially, on the left side. s, s. The issue and union by loops of the posterior divisions of four sacral 
nerves on the right side, s’, s’. Some of those distributed to the skin on the left side. 
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branch. It is named, from its origin and distribution, the intercosto-humeral 
nerve (fig. 627). It pierces the External intercostal muscle and the Serratus 
magnus, crosses the axilla to the inner side of the arm, and joins with a filament 
from the nerve of Wrisberg. It then pierces the fascia, and supplies the skin of 
the upper half of the inner and back part of the arm, communicating with the 
internal cutaneous branch of the musculo-spiral nerve. The size of this nerve 
is in inverse proportion to the size of the other cutaneous. nerves, especially the 
nerve of Wrisberg. A second intercosto-humeral nerve is frequently given off 
from the third intercostal. It supplies filaments to the armpit and inner side 
of the arm, D S l l 

The lower dorsal nerves.—The anterior divisions of the seventh, eighth, ninth, 
tenth, and eleventh dorsal nerves are continued anteriorly from the intercostal 
spaces into the abdominal wall; hence these nerves are named thoractco- 
abdominal intercostal nerves. They have the same arrangement as the upper 
ones as far as the anterior extremities of the intercostal spaces, where they pass 
behind the costal cartilages, and between the Internal oblique and Transversalis 
muscles, to the sheath of the Rectus, which they perforate. They supply the 
Rectus muscle, and terminate in branches which become subcutaneous near the 
linea alba. These branches are named the anterior cutaneous nerves of the 
abdomen. They are directed outwards as far as the lateral cutaneous nerves, 
supplying the integument of the front of the belly. The lower intercostal nerves 
supply the Intercostal and Abdominal muscles—the last three giving branches 
to the Serratus posticus inferior—and, about the middle of their course, give off 
lateral cutaneous branches, which pierce the External intercostal and External 
oblique muscles, in the same line as the lateral cutaneous nerves of the thorax, 
and divide into anterior and posterior branches, which are distributed to the 
integument of the abdomen and back; the anterior branches supply the 
digitations of the External oblique muscle, and extend downwards and forwards 
nearly as far as the margin of the Rectus: the posterior branches pass back- 
wards to supply the skin over the Latissimus dorsi. 

The anterior division of the last dorsal is larger than the others; it runs 
along the lower border of the last rib, often gives a communicating branch 
to the first lumbar nerve, and passes under the external arcuate ligament of 
the Diaphragm. It then runs in front of the Quadratus lumborum, perforates 
the Transversalis, and passes forwards between it and the Internal oblique, 
to be distributed in the same manner as the lower intercostal nerves. It 
communicates with the ilio-hypogastric branch of the lumbar plexus, and gives 
a branch to the Pyramidalis muscle. 

The lateral cutaneous branch of the last dorsal is remarkable for its large 
size. It does not divide into an anterior and posterior branch like the lateral 
cutaneous branches of the intercostal nerves, but perforates the Internal and 
External oblique muscles, passes downwards over the crest of the ilium in front 
of the iliac branch of the ilio-hypogastric (fig. 636), and is distributed to the 
integument of the front part of the gluteal region, some of its filaments extending 
as low down as the trochanter major. 


Surgical Anatomy.—The lower seven intercostal nerves and the ilio-hypogastric 
from the first lumbar nerve, supply the skin of the abdominal wall. They run down- 
wards and inwards fairly equidistant from each other. The sixth and seventh supply 
the skin over the ‘pit of the stomach’; the eighth corresponds to about the position 
of the middle linea transversa; the tenth to the umbilicus; and the ilio-hypogastric 
supplies the skin over the pubes and externa] abdominal ring. There are several points 
of surgical interest about the distribution of these nerves, and it is important to 
remember their origin and course, for in many diseases affecting the nerve-trunks at or 
near the origin, the pain is referred to their peripheral terminations. Thus, in Pott’s 
disease of the spine, children will often be brought to the surgeon suffering from pain 
in the belly. This is due to the fact that the nerves are irritated at the seat of disease 
as they issue from the spinal canal. When the irritation is confined to a single pair of 
nerves, the sensation complained of is often a feeling of constriction, as if a cord were 
tied round the abdomen, and in these cases the situation of the sense of constriction may 
serve to localise the disease in the spinal column. In other cases where the bone disease 
is more extensive, and two or more nerves are involved, a more general, diffused pain 
in the abdomen is complained of. A similar condition is sometimes present in affections 
of the cord itself, as in tabes dorsalis. 

Again, it must be borne in mind that the same nerves which supply the skin of 
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the abdomen supply also the planes of muscle, which constitute the greater part of the 
abdominal wall. Hence, it follows that any irritation applied to the peripheral termina- 
tions of the cutaneous branches in the skin of the abdomen is immediately followed by 
reflex contraction of the abdominal muscles. A good practical illustration of this may 
sometimes be seen in watching two surgeons examine the abdomen of the same patient. 
One, whose hand is cold, causes an immediate reflex contraction of the abdominal 
muscles, so that the belly wall becomes rigid and not nearly so suitable for examination ; 
the other, who has taken the precaution to warm his hand, examines the abdomen with- 
out exciting any reflex contraction. The supply of both muscles and skin from the same 
source is of importance in protecting the abdominal viscera from injury. A blow on the 
abdomen, even of a severe character, will do no injury to the viscera if the muscles are 
in a condition of firm contraction; whereas in cases where the muscles have been taken 
unawares, and the blow has been struck while they were in a state of rest, an injury 
insufficient to produce any lesion of the abdominal wall has been attended with rupture 
of some of the abdominal contents. The importance, therefore, of immediate reflex 
contraction upon the receipt of an injury cannot be over-estimated, and the intimate 
association of the cutaneous and muscular fibres in the same nerve produces a much 
more immediate response on the part of the muscles to any peripheral stimulation of the 
cutaneous filaments than would be the case if the two sets of fibres were derived from 
independent sources. 


Again, the nerves supplying the abdominal muscles and skin derived from the lower 
intercostal nerves are intimately connected with the sympathetic supplying the abdominal 
viscera, through the lower thoracic ganglia from which the splanchnic nerves are derived. 
In consequence of this, in laceration of the abdominal viscera and in acute peritonitis, 
the muscles of the belly wall become firmly contracted, and thus as far as possible 
preserve the abdominal contents in a condition of rest. 


LUMBAR NERVES 


The lumbar nerves are five in number on each side. The first appears 
between the first and second lumbar vertebree, and the last between the fifth 
lumbar vertebra and the base of the sacrum. 

The roots of the lumbar nerves are the largest, and their filaments the most 
numerous, of all the spinal nerves, and they are closely aggregated together 
upon the lower end of the cord. The anterior roots are smaller than the 
posterior ; but there is not the same disproportion between the roots as in the 
cervical nerves. The roots of these nerves have a vertical direction, and are 
of considerable length, more especially the lower ones, since the spinal cord 
does not extend beyond the lower border of the first, or upper border of the 
second lumbar vertebra. The roots become joined in the intervertebral foramina ; 
and the nerves, so formed, divide at their exit into two divisions, posterior and 
anterior. 


POSTERIOR DIVISIONS OF THE LUMBAR NERVES 


The posterior divisions of the lumbar nerves (fig. 629) diminish in size from 
above downwards; they pass backwards between the transverse processes, and 
divide into internal and external branches. 

The internal branches, the smaller, pass inwards close to the articular 
processes of the vertebra, and supply the Multifidus spine and Interspinales 
muscles. 

The external. branches supply the Erector spine and Intertransverse muscles. 
From the three upper branches, cutaneous nerves are derived which pierce the 
aponeurosis of the Latissimus dorsi muscle at the outer border of the Erector 
spine muscle, and descend over the back part of the crest of the ilium, to be 
distributed to the integument of the gluteal region; some of the filaments 
passing as far as the trochanter major. 


ANTERIOR DIVISIONS oF THE LUMBAR NERVES 


The anterior divisions of the lumbar nerves increase in size from above 
downwards. At their origin, they communicate with the lumbar ganglia of the 
sympathetic by long, slender filaments, which accompany the lumbar arteries 
round the sides of the bodies of the vertebra, beneath the Psoas muscle. The 
nerves pass obliquely outwards behind the Psoas magnus, or — its 
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fasciculi, distributing filaments to it and the Quadratus lumborum. The first 
three and the greater part of the fourth are connected together in this situation 
by anastomotic loops, and form the lumbar plexus. The smaller part of the 
fourth joins with the fifth to form the lumbo-sacral cord, which assists in the 
formation of the sacral plexus. The fourth nerve is named the nervus Jfurcalis, 
from the fact that it is subdivided between the two plexuses. 


Lumsar PrLexus (fig. 630) 


The Lumbar plexus is formed by the loops of communication between the 
anterior divisions of the first three and the greater part of the fourth lumbar 
nerves. The plexus is narrow above, and the first lumbar often recelves & 


Fic. 630.—Plan of the lumbar and sacral plexuses. 
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branch from the last dorsal nerve; it is broad below, where it is joined to 
: ; , th 
eaga] oa by a Gapo a cord. It is situated in the armei of the 
s muscle near its posterior part, i 

om Taba ian ok p part, in front of the transverse processes of 

__The mode in which the plexus is arranged varies in different subjects. It 
differs from the brachial plexus, in not forming an intricate are ab tn but 
the several nerves of distribution arise from one or more of the spinal nerves, 
somewhat in the following manner: the first lumbar nerve frequently receives 
a branch from the last dorsal, and divides into an upper and ‘lower branch; 
the upper and larger branch subdivides into the ilio-hypogastric and ilio-inguinal; 
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the lower and smaller branch unites with a branch of the second lumbar to form 
the genito-crural nerve. The remainder of the second nerve, and the third 
and fourth nerves, divide into anterior and posterior divisions. The anterior 
division of the second unites with the anterior divisions of the third and fourth 
nerves to form the obturator nerve. The posterior divisions of the second and 
third nerves divide into two branches, a smaller branch from each uniting 
to form the external cutaneous nerve, and a larger branch from each joining 
with the posterior division of the fourth lumbar nerve to form the anterior 
crural. The accessory obturator, when it exists, is formed by the union of two 
small branches given off from the third and fourth nerves.* 

From this arrangement it follows that the ilio-hypogastric and ilio-inguinal 
are derived entirely from the first lumbar nerve ; the genito-crural from the first 


Fic. 631.—The lumbar plexus and its branches. 
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and second nerves; the external cutaneous from the second and third; the 
anterior crural and obturator by fibres derived from the second, third, and 
fourth ; and the accessory obturator, when present, from the third and fourth. 


* In most cases the fourth lumbar is the nervus furcalis; but this arrangement 
is frequently departed from. The third is occasionally the lowest nerve which enters 
the lumbar plexus, giving at the same time some fibres to the sacral plexus, and thus 
forming the nervus furcalis; or both the third and fourth may be furcal nerves. 
When this occurs, the plexus is termed high ov prefived. More frequently the fifth 
nerve is divided between the lumbar and sacral plexuses, and constitutes the nervus 
furcalis; and when this takes place, the plexus is distinguished as a low or post-fixed 
plexus. These variations necessarily produce corresponding modifications in the sacral 
plexus. 
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The branches of the lumbar plexus are, the 


Tlio-hypogastric. ' External cutaneous. 
Ilio-inguinal. Obturator. 
Genito-crural. Accessory obturator. 


Anterior crural. 


The Ilio-hypogastric nerve arises from the first lumbar nerve. It emerges 
from the outer border.of the Psoas muscle at its upper part, and crosses 
obliquely in front of the Quadratus lumborum to the crest of the ilium. It 
then perforates the Transversalis muscle at its posterior part, near the crest 
of the ilium, and divides between it and the Internal oblique into two branches, 
iliac and hypogastric. 

The iliac branch pierces the Internal and External oblique muscles imme- 
diately above the crest of the ilium, and is distributed to the integument of the 
gluteal region, behind the lateral cutaneous branch of the last dorsal nerve 
(fig. 636). The size of this nerve bears an inverse proportion to that of the 
lateral cutaneous branch of the last dorsal nerve. 

The hypogastric branch (fig. 632) continues onwards between the Internal 
oblique and Transversalis muscles. It then pierces the Internal oblique, and 
becomes cutaneous by perforating the aponeurosis of the External oblique, about 
an inch above, and a little to the outer side of the external abdominal ring, and 
is distributed to the integument of the hypogastric region. 

The ilio-hypogastric nerve communicates with the last dorsal and ilio-inguinal 
nerves. 

The Ilio-inguinal nerve, smaller than the preceding, arises with it from the 
first lumbar nerve. It emerges from the outer border of the Psoas just below 
the ilio-hypogastric, and, passing obliquely across the Quadratus lumborum and 
Iliacus muscles, perforates the Transversalis, near the fore part of the crest 
of the ilium, and communicates with the ilio-hypogastric nerve between that 
muscle and the Internal oblique. The nerve then pierces the Internal oblique, 
distributing filaments to it, and accompanying the spermatic cord through the 
external abdominal ring, and is distributed to the integument of the upper and 
inner part of the thigh, to the skin over the root of the penis and upper part of 
the scrotum in the male, and to the skin covering the mons Veneris and labium 
majus in the female. The size of this nerve is in inverse proportion to that 
of the ilio-hypogastric. Occasionally it is very small, and ends by joining the 
ilio-hypogastric ; in such cases, a branch from the ilio-hypogastric takes the 
place of the ilio-inguinal, or the latter nerve may be altogether absent. 

The Genito-crural nerve arises from the first and second lumbar nerves. 
It passes obliquely through the substance of the Psoas, and emerges from its 
inner border, close to the vertebral column, opposite the dise between the third 
and fourth lumbar vertebre ; it then descends on the surface of the Psoas 
tans under cover of the peritoneum, and divides into a genital and crural 

ranch. 

The genital branch passes outwards on the Psoas magnus, and pierces the 
te gee aA St a ge the internal abdominal ring; it then 
ae ee E ‘ aan par of the spermatic. cord to the scrotum, and supplies, 
>» th ster muscle. In the female, it accompanies the round 
1zament, and is lost upon it, 

The crural branch descends on the external iliac artery, sending a few fila- 
— round it, and, passing beneath Poupart’s ligament to the thigh, enters the 
sheath of the femoral vessels, lying superficial and a little external to the femoral 
artery. It pierces the anterior layer of the sheath of the vessels, and, becoming 
superficial by passing through the fascia lata, it supplies the skin of the anterior 
eae thigh ae as far a may pel een the pelvis and knee. On the front 

it communicates with t : 
a mm raea = aP outer branch of the middle cutaneous 
ew filaments from this nerve may be traced . 
are derived from the nerve as it M o pra pme a eia 

The External cutaneous nerve arises from the second and thi d lumb 

nerves. It f k an ira lumbar 
emerges irom the outer border of the Psoas muscle about its mid 

and crosses the Il P scie about its middle, 

a T y p i muscle obliguely, towards the anterior superior spine 

um, Jt then passes under Poupart’s ligament and over the Sartorius 
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Fie. 633.—Nerves of the lower extremity. 


Fig. 632.—Cutaneous nerves of lower 
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muscle into the thigh, where it divides into two branches, anterior and 
posterior. — T : 

The anterior branch descends in an aponeurotic canal formed in the fascia 
lata, becomes superficial about four inches below Poupart’s ligament, and divides 
into branches which are distributed to the integument along the anterior and 
outer part of the thigh, as far down as the knee. The terminal filaments of 
this nerve frequently communicate with the middle and internal cutaneous, 
and with the patellar branch of the long saphenous, forming with them the 
patellar plexus. 

The posterior branch pierces the fascia lata, and subdivides into filaments 
which pass backwards across the outer and posterior surface of the thigh, 
supplying the integument from the level of the great trochanter as far as the 
middle of the thigh. 

The Obturator nerve supplies the Obturator externus and Adductor muscles 
of the thigh, the articulations of the hip and knee, and occasionally part of the 
integument of the thigh and leg, It arises from the second, third, and fourth 
lumbar nerves. Of these, the branch from the third is the largest, while that 
from the second is often very small. It descends through the inner fibres of the 
Psoas muscle, and emerges from its inner border near the brim of the pelvis; 
it then passes behind the commencement of the external iliac vessels, which 
separates it from the ureter, and runs along the lateral wall of the pelvis, above 
the obturator vessels, to the upper part of the obturator foramen, where it enters 
the thigh, and divides into an anterior and a posterior branch, separated by 
some of the fibres of the Obturator externus (fig. 449), and lower down by the 
Adductor brevis muscle. 

_The anterior branch (fig. 633) passes down in front of the Adductor brevis, 
being covered by the Pectineus and Adductor longus; and at the lower border 
of the latter muscle communicates with the internal cutaneous and internal 
saphenous nerves, branches of the anterior crural, forming a kind of plexus. It 
then descends upon the femoral artery, to which it is finally distributed. The 
nerve, near the obturator foramen, gives off an articular branch to the hip- 
joint. Behind the Pectineus, it distributes muscular branches to the Adductor 
pogpmena Cas and usually to the ome brevis, and in rare cases to the 

, and recelves a communicating branch | 
nerve when that nerve is present. re i n 

Occasionally the communicating branch to the internal cutaneous and internal 
saphenous nerves is continued down, as a cutaneous branch, to the thigh and 
leg. When this is so, it emerges from beneath the lower border of the Adductor 
longus, descends along the posterior margin of the Sartorius to the inner side of 
the knee, where it pierces the deep fascia, communicates with the long saphenous 
paso, ang, A —— t a of the inner side of the leg as low 

e. When this communicati j j j 
uppge by the internal cutaneous nerve. a ii 

e posterior branch of the obturator nerve pier j 
Obturator externus, sending branches to su ol “this owas a t ~ Aa 
behind the Adductor brevis on the front o “is Adductor magnus where it 
divides into numerous muscular branches, which supply the Adductor magnus 
anf die atual pars when the latter does not receive a branch from the 
owes vision of the nerve. It also gives off an articular filament to the 

The articular branch for the knee-joint is s ee 

Jomis sometimes a : 
the lower part of the Adductor magnus, or passes Eo Poe rife oo 
—¥ 4 the ga and enters the popliteal space ; it then. Sias 
popliteal artery, as far as the back part benii i 
perforates the posterior ligament, and is distributed hy kd Spa ah — a 
It yee | Pye to the artery in its course. | i 
e Accessory obturator nerve (fig. 631) is present i 
pace g a of small P and g w. pod a, Tice “che hifi Mad 
ar nerves. escends along the inner border of the P 
crosses the ascending ramus of the os pubi d RE ae Sp Sony nae 
of the Pectineus muscle, where it divide o ea a a ilag 
l ; i @ivides into | 
these supplies the Pectineus, penetrating its E Aee E n e a 
to the hip-joint; while a third a a eee 
, communicates with the anterior branch of the 
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obturator nerve. When this nerve is absent, the hip-joint receives two branches 
from the obturator nerve. Occasionally it is very small and becomes lost in the 
capsule of the hip-joint. 

The Anterior crural] nerve (figs. 631, 633) is the largest branch of the lumbar 
plexus. It supplies muscular branches to the Tliacus, Pectineus, and all the 
muscles on the front of the thigh, excepting the Teusor fascia femoris ; cutaneous 
filaments to the front and inner side of the thigh, and to the leg and foot; and 
articular branches to the hip and knee. It arises from the second, third, and 
fourth lumbar nerves. It descends through the fibres of the Psoas muscle, 
emerging from it at the lower part of its outer border ; and passes down between 
it and the Iliacus behind the fascia iliaca; it then runs beneath Poupart’s 
ligament, into the thigh, where it becomes somewhat flattened, and divides into 
an anterior and a posterior part. Under Poupart’s ligament, it is separated from 
the femoral artery by a portion of the Psoas muscle. 

Within the abdomen the anterior crural nerve gives off from its outer side 
some small branches to the Tliacus, and a branch to the femoral artery, which 
is distributed upon the upper part of that vessel. The origin of this branch 
yg : y occasionally arises higher than usual, or it may arise lower down in 
the thigb. 

In the thigh the following branches are given off : 


From the Anterior Dision From the Posterior Division 
Middle cutaneous. Long saphenous. 
Internal cutaneous. Muscular. 

Muscular. Articular. 


The middle cutaneous nerve (fig. 632) pierces the fascia lata (and generally 
the Sartorius) about three inches below Poupart’s ligament, and divides into two 
branches, which descend in immediate proximity along the fore part of the thigh, 
to supply the integument as low as the front of the knee, where they communicate 
with the internal cutaneous and the patellar branch of the internal saphenous 
nerve, to form the patellar plexus. In the upper part of the thigh the outer 
division of the middle cutaneous communicates with the crural branch of the 
genito-crural nerve. 

The internal cutaneous nerve passes obliquely across the upper part of the 
sheath of the femoral artery, and divides in front, or at the inner side of that 
vessel, into two branches, an anterior and a posterior or internal. 

The anterior branch runs downwards on the Sartorius, perforates the fascia 
lata at the lower third of the thigh, and divides into two branches: one 
supplies the integument as low down as the inner side of the knee; the other 
crosses to the outer side of the patella, communicating in its course with the 
patellar branch of the long saphenous nerve. 

The posterior or internal branch descends along the inner border of the 
Sartorius muscle to the knee, where it pierces the fascia lata, communicates with 
the long saphenous nerve, and gives off several cutaneous branches. The nerve 
then passes down the inner side of the leg, to the integument of which it is 
distributed. This nerve, beneath the fascia lata, at the lower border of the 
Adductor longus, joins in a plexiform network (subsartorial plexus) by uniting 
with branches of the long saphenous and obturator nerves (fig. 633). When 
the communicating branch from the obturator nerve is large and continued 
to the integument of the leg, the internal branch of the internal cutaneous is 
small, and terminates in the plexus, occasionally giving off a few cutaneous 
filaments. 

The internal cutaneous nerve, before dividing, gives off a few filaments, 
which pierce the fascia lata, to supply the integument of the inner side of the 
thigh, accompanying the long saphenous vein. One of these filaments passes 
through the saphenous opening; a second becomes subcutaneous about the 
middle of the thigh ; and a third pierces the fascia at its lower third. 

Muscular branches of the anterior division —The nerve to the Pectineus arises 
from the anterior crural immediately below Poupart’s ligament, and passes 
inwards behind the femoral sheath to enter the anterior surface of the muscle; 
it is often duplicated. The nerve to the Sartorius arises in common with the 
middle cutaneous. 
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The long or internal saphenous nerve is the largest of the cutaneous branches 
of the dikei or crural. It ei the femoral artery where this vessel passes 
beneath the Sartorius, and lies in front of it, beneath the aponeurotic covering of 
Hunter’s canal, as far as the opening in the lower part of the Adductor magnus. 
Tt then quits the artery, and descends vertically along the inner side of the yi 
beneath the Sartorius, pierces the fascia lata, opposite the interval between the 
tendons of the Sartorius and Gracilis, and becomes subcutaneous. The nerve 
then passes along the inner side of the leg, accompanied by the internal saphenous 
vein, descends behind the internal border of the tibia, and, at the lower third 
of the leg, divides into two branches: one continues its course along the margin 
of the tibia, terminating at the inner ankle; the other passes in front of the ankle, 
and is distributed to the integument along the inner side of the foot, as far as 
the ball of the great toe, communicating with the internal branch of the musculo- 
cutaneous nerve. l 

Branches.—The long saphenous nerve, about the middle of the thigh, gives 
off a communicating branch which joins the subsartorial plexus. 

At the inner side of the knee it gives off a large patellar branch (nervus 
cutaneus patelle) which pierces the Sartorius and fascia lata, and is distributed 
to the integument in front of the patella, This nerve communicates above the 
knee with the anterior branch of the internal cutaneous and with the middle 
cutaneous ; below the knee, with other branches of the long saphenous ; and, on 
the outer side of the joint, with branches of the external cutaneous nerve, forming 
a plexiform network, the plegus patelle. The patellar branch is occasionally 
small, and terminates by joining the internal cutaneous, which supplies its place 
in front of the knee. Lone 

Below the knee, the branches of the long saphenous nerve are distributed to 
the integument of the front and inner side of the leg, communicating with the 
cutaneous branches from the internal cutaneous, or from the obturator nerve. 

The muscular branches of the posterior division supply the four parts of the 
Quadriceps extensor muscle. 

The branch to the Rectus muscle enters its under surface high up, sending off 
a small filament to the hip-joint. 

The branch to the Vastus externus, of large size, follows the course of the 
descending branch of the external circumflex artery to the lower part of the 
muscle. It gives off an articular filament to the knee-joint. 

The branch to the Vastus internus is a long branch which runs down on the 
outer side of the femoral vessels in company with the internal saphenous nerve, 
It enters the muscle about its middle, and gives off a filament, which can usually 
be traced downwards on the surface of the muscle to the knee-joint. 

The branches to the Crureus are two or three in number, and enter the muscle 
on its anterior surface about the middle of the thigh ; a filament from one of 
these descends through the muscle to the Subcrureus and the knee-joint. 

The articular branch to the hip-joint is derived from the nerve to the Rectus. 

The articular branches to the knee-joint are three in number. One, a 
long, slender filament, is derived from the nerve to the Vastus externus; it 
penetrates the capsular ligament of the joint on its anterior aspect. Another 
is derived from the nerve to the Vastus internus. It can usually be traced 
downwards on the surface of this muscle to near the joint; it then penetrates 
the muscular fibres, and accompanies the deep branch of the anastomotica magna 
artery, pierces the capsular ligament of the joint on its inner side, and supplies 


the synovial membrane. The third branch is derived from the nerve to the 
Crureus. 


THE SACRAL AND COCCYGEAL NERVES 


The sacral nerves are five in number on each side. The four upper ones 
a from the sacral canal, through the sacral foramina ; the fifth through the 
oramen between the sacrum and coccyx. 

The roots of the wpper sacral nerves are the largest of all the spinal nerves ; 
while those of the lowest sacral and coccygeal nerve are the smallest. They are 
longer than those of any of the other spinal nerves, on account of the spinal cord 
not extending beyond the first or second lumbar vertebra. From their great 
length, and the appearance they present in connection with their attachment to 
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the spinal cord, the roots of origin of these nerves are called collectively the 
cauda equina. 


Each sacral and coccygeal nerve separates into two divisions, posterior and 
anterior. 

The posterior divisions of the sacral nerves (fig. 634) are small, diminish in 
size from above downwards, and emerge, except the last, from the sacral canal 
by the posterior sacral foramina. 

The three upper ones are covered, at their exit from the sacral canal, by the 
Multifidus sping, and divide into internal and external branches. 

The internal branches are small, and supply the Multifidus spine. 

The external branches join with one another, and with the last lumbar and 
fourth sacral nerves, in the form of loops on the posterior surface of the sacrum. 
From these loops branches pass to the outer surface of the great sacro-sciatic 
ligament, where they form a second series of loops beneath the Gluteus maximus. 


Fic. 634.--The posterior sacral nerves. 





Cutaneous branches from this second series of loops, usually two or three in 
number, pierce the Gluteus maximus along a line drawn from the posterior 
superior spine of the ilium to the tip of the coccyx. They supply the integument 
over the posterior part of the gluteal region. 

The posterior divisions of the two lower sacral nerves are situated below the 
Multifidus spine. They are of small size, and do not divide into internal and 
external branches, but join with each other, and with the coccygeal nerve, so 
as to form loops on the back of the sacrum, filaments from which supply the 
integument over the coccyx. Pit l peruana 

The coccygeal nerve divides into its anterior and posterior division in the 
spinal canal. The posterior division is the smaller. It does not divide, but 
receives, as already mentioned, a communicating branch from the last sacral, 
and is lost in the integument over the back of the coccyx. = 

The anterior divisions of the sacral nerves diminish in size from above 
downwards. The four upper ones emerge from the anterior sacral foramina : 
the anterior division of the fifth, after emerging from the spinal canal through 
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its terminal opening, curves forwards between the sacrum and the COCCyX. 
All the anterior sacral nerves communicate with the sacral ganglia of the 
sympathetic, at their exit from the sacral foramina. The first nerve, of large 
size, unites with the lumbo-sacral cord, formed by the fifth lumbar and a branch 
from the fourth. The second, equal in size to the preceding, and the thard, about 
one-fourth the size of the sade unite with this trunk, and form, with a small 
fasciculus from the fourth, the sacral plexus; a visceral branch is given off 
from the third nerve to the bladder. 

The anterior primary division of the fourth sacral nerve sends a branch to 
join the pudic nerve, and a communicating filament to join the fifth sacral 
nerve. The remaining portion of the nerve divides into visceral and muscular 
branches. The visceral branches are distributed to the viscera of the pelvis, 
communicating with the sympathetic nerve. These branches ascend upon the 
rectum and bladder, and in the female upon the vagina, communicating with 
branches of the sympathetic from the pelvic plexus. The muscular branches 
are distributed to the Levator ani, Coccygeus, and Sphincter ani externus. 
The branch to the Sphincter ani ( pihe neil of fourth sacral) pierces the 
Coccygeus muscle, or passes between this muscle and the Levator ani, so as 
to reach the ischio-rectal fossa, where it is found lying close to the coccyx. 
Cutaneous filaments arise from this branch, which supply the integument 
between the anus and coccyx. Another cutaneous branch is frequently given 
off from this nerve, though sometimes from the pudic (Schwalbe). It Aa 
the great sacro-sciatic ligament, and, winding round the lower border of the 
a maximus, supphes the skin over the lower and inner part of this 
muscle. 

The anterior primary division of the fifth sacral nerve, after passing from 
the lower end of the sacral canal, curves forwards through the fifth sacral 
foramen, formed between the lower part of the sacrum and the transverse 
process of the first piece of the coccyx. It pierces the Coccygeus muscle, and 
descends upon its anterior surface to near the tip of the coccyx, where it again 
petforates the muscle, to be distributed to the integument over the back part 
and side of the coccyx. This nerve communicates above with the fourth sacral, 
and below with the coccygeal nerve, and supplies the Coceygeus muscle. 

The anterior division of the ceceygeal nerve is a delicate filament which 
escapes at the termination of the sacral canal; it passes downwards behind the 
rudimentary transverse process of the first piece of the coccyx, and curves 
forwards, through the notch between the first and second pieces, piercing the 
Coccygeus muscle and descending on its anterior surface to near the tip of the 
coccyx, where it again pierces the muscle, to be distributed to the integument 
over the back part and side of the coccyx. It is joined by a branch from the 
fifth sacral as it descends on the surface of the Coccygeus muscle. 


SACRAL Puexus (figs. 630, 635) 


The Sacral plexus is formed by the lumbo-sacral cord, the anterior divisions 
of the three upper sacral nerves, and part of that of the fourth. These 
nerves proceed in different directions: the upper ones obliquely downwards and 
‘outwards, the lower one nearly horizontally, and they all unite into two bands: 
an upper and larger which is formed by the lumbo-sacral cord with the first, 
and the greater parts of the second and third sacral nerves, and is termed the 
sciatic band; and a lower and smaller formed by branches from the second, 
third, and fourth sacral nerves, and is named the pudic band. The upper band 
is prolonged into the great sciatic nerve, and the lower into the pudic. Each 
nerve which enters the plexus divides into an anterior or ventral, and a 
posterior or dorsal division, and the branches which arise from the plexus may 
be arranged into two groups, according to their origin from these divisions. 

The sacral plexus is triangular in form, its base corresponding with the exit 
of the nerves from the sacrum, its apex with the lower part of the great sacro- 
sciatic foramen. It rests upon the anterior surface of the Pyriformis, and 
18 covered in front by the pelvic fascia, which separates it from the sciatic 


and pudic branches of the internal iliac artery, and from the viscera of the 
pelvis. 
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The branches of the sacral plexus are : 


Muscular. Small sciatic. 
Superior gluteal. Perforating cutaneous, 
Inferior gluteal. Pudic. 


Great sciatic. 


The Muscular branches supply the Pyriformis, Obturator internus, the two 
Gemelli, and the Quadratus femoris. The branch to the Pyriformis arises from 
the posterior divisions of the first and second sacral nerves; the branch to the 
Obturator internus arises from the anterior branches of the fifth lumbar and 
the first and second sacral nerves: it passes out of the pelvis through the 
great sacro-sciatic foramen below the Pyriformis, crosses the spine of the 
ischium, and re-enters the pelvis through the lesser sacro-sciatic foramen to 
enter the inner surface of the Obturator internus; the branch to the Gemellus 


Fic. 635.—Side view of pelvis, showing sacral nerves. 
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superior arises in common with the nerve to the Obturator internus : it enters 
the muscle at the upper part of its posterior surface ; thè small branch to the 
Gemellus inferior 4) Quadratus femoris also arises from the anterior branches 
of the fifth lumbar and the first and second sacral nerves: it passes through 
the great sacro-sciatic foramen below the Pyriformis, and courses down beneath 
the great sciatic nerve, the Gemelli and tendon of the Obturator internus, and 
supplies the muscles on their deep or anterior surface. It gives off an articular 
branch to the hip-joint. A second articular branch is occasionally derived from 
the upper part of the sacral plexus. l 

The Superior gluteal nerve (fig. 637) arises from the posterior branches 
of the fourth and fifth lumbar and first sacral nerves : it passes from the 
pelvis through the great sacro-sciatic foramen above the Pyriformis muscle, 
accompanied by the gluteal vessels, and divides into a superior and an inferior 
branch. l = 

The superior branch follows the line of origin of the Gluteus minimus, in 


924 THE NERVOUS SYSTEM 


company with the superior branch of the deep division of the gluteal artery, and 
supplies the Gluteus medius. : = 

The inferior branch crosses obliquely between the Gluteus minimus and 
medius, distributing filaments to both these muscles, and terminates in the 
Tensor fasciæ femoris. It accompanies the inferior branch of the deep division 
of the gluteal artery. 

The Inferior gluteal arises from the posterior branch of the fifth lumbar 
and first two sacral nerves, and is intimately connected with the small sciatic at 
its origin. It passes out of the pelvis through the great sciatic foramen, beneath 
the Pyriformis muscle, and divides into a number of branches which enter the 
Gluteus maximus muscle, on its deep surface. _ 

The Small sciatic nerve (fig. 637) supplies the integument of the perineum 
and back part of the thigh and leg. It is usually formed by the union of two 
branches, which arise from the second and third nerves of the sacral plexus. 
It issues from the pelvis through the great sacro-sciatic foramen below the 
Pyriformis muscle, descends beneath the Gluteus maximus with the sciatic 
artery, and at the lower border of that muscle passes along the back part of 
the thigh, beneath the fascia lata and over the long head of the Biceps, to 
the lower part of the popliteal region, where it pierces the fascia and becomes 
cutaneous. It then accompanies the external saphenous vein to about the 
middle of the leg, its terminal filaments communicating with the external 
saphenous nerve. 

The branches of the small sciatic nerve are all cutaneous, and are grouped 
as follows: gluteal, perineal, and femoral. 

The gluteal cutaneous branches (ascending) consist of two or three filaments, 
which turn upwards round the lower border of the Gluteus maximus to supply 
the integument covering the lower and outer part of that muscle. 

The perineal cutaneous branches are distributed to the skin at the upper 
and inner side of the thigh, on its posterior aspect. One branch, longer than 
the rest, the inferior pudendal, curves forwards below the tuber ischii, pierces the 
fascia lata, and passes forwards beneath the superficial fascia of the perinsaum 
to be distributed to the integument of. the scrotum in the male and the 
labium in the female, communicating with the superficial perineal and inferior 
hemorrhoidal nerves. 

The femoral cutaneous branches (descending) are numerous filaments, derived 
from both sides of the nerves, which are distributed to the back and inner and 
outer sides of the thigh, to the skin covering the popliteal space, and to the 
upper part of the leg. 

The Perforating cutaneous nerve usually arises from the posterior aspect of 
the second and third sacral nerves, and is of small size. It is continued back- 
wards through the great sacro-sciatic ligament, and, winding round the lower 
border of the Gluteus maximus, supplies the integument covering the inner and 
lower part of that muscle. 

The Pudic nerve is the direct continuation of the pudic band of the sacral 
plexus, and derives its fibres from the anterior branches of the second, third, 
and fourth sacral nerves. It leaves the pelvis, through the great sacro-sciatic 
foramen, below the Pyriformis. It then crosses the spine of the ischium, and 
re-enters the pelvis through the lesser sacro-sciatic foramen, TIt accompanies 
the pudic vessels upwards and forwards along the outer wall of the ischio-rectal 
fossa, being contained in a sheath of the obturator fascia, termed Alcock's canal, 
and divides into two terminal branches, viz. the perineal nerve, and the dorsal 
nerve of the penis or clitoris. Before its division, it gives off the inferior 
hemorrhoidal nerve. 

The inferior hemorrhoidal nerve is occasionally derived separately from the 
sacral plexus. It passes across the ischio-recta] ossa, with its accompanying 
vessels, towards the lower end of the rectum, and is distributed to the Sphincter 
ani externus and to the integument round the anus. Branches of this nerve 
communicate with the inferior pudendal and superficial perineal nerves at the 
fore part of the perineum. 

The perineal nerve, the inferior and larger of the two terminal branches of 
the pudie, is situated below the pudic artery. It accompanies the superficial 
perineal artery in the perineum, dividing into cutaneous and muscular branches. 

The cutaneous branches (superficial perineal) are two in number, posterior 
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Fre. 636.—Cutaneous nerves of lower 
extremity. Posterior view. 
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* N.B.—In this diagram the communicans tibialis and 
in their normal position. They have been displaced by 


muscles. 
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Frc. 637.—Nerves of the lower extremity.* 
Posterior view. 
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and anterior. The posterior or external branch pierces the base of the triangular 
ligament of the urethra, and passes forwards along the outer side of the urethral 
triangle in company with the superficial perineal artery ; it is distributed to the 
skin of the scrotum. It communicates with the inferior hemorrhoidal, the 
inferior pudendal, and the other superficial perineal nerve. The anterior or 
internal branch also pierces the base of the triangular ligament, and passes 
forwards nearer to the middle line, to be distributed to the inner and back part 
of the scrotum. Both these nerves supply the labia majora in the female. 

The muscular branches are distributed to the Transversus perinæi, Accelerator 
urine, Erector penis, and Compressor urethre. A distinct branch is given off 
from the nerve to the Accelerator uring, which pierces this muscle, and supplies 
the corpus spongiosum, ending in the mucous membrane of the urethra. This 
is the nerve to the bulb. 

The dorsal nerve of the penis is the deepest division of the pudic nerve; it 
accompanies the pudic artery along the ramus of the ischium; it then runs 
forwards along the inner margin of the ramus of the os pubis, between the 
superficial and deep layers of the triangular ligament. Piercing the superficial 
layer it gives a branch to the corpus cavernosum, and passes forwards, in 
company with the dorsal artery of the penis, between the layers of the suspensory 
ligament on to the dorsum of the penis, along which it is carried as far as the 
glans to which it is distributed. 

In the female the dorsal nerve is very small, and supplies the clitoris. 

The Great sciatic nerve (fig. 637) supplies nearly the whole of the integument 
of the leg, the muscles of the back of the thigh, and those of the leg and foot. 
It is the largest nervous cord in the body, measuring three-quarters of an inch in 
breadth, and is the continuation of the upper or sciatic band of the sacral plexus. 
It passes out of the pelvis through the great sacro-sciatic foramen, below the 
Pyriformis muscle. It descends between the trochanter major and tuberosity 
of the ischium, along the back part of the thigh to about its lower third, where it 
divides into two large branches, the internal and external popliteal nerves. 

This division may take place at an point between the sacral plexus and the 
lower third of the thigh. When the division occurs at the plexus, the external 
popliteal nerve usually pierces the Pyriformis muscle. As the nerve descends 
along the back of the thigh, it rests upon the posterior surface of the ischium, 
the nerve to the Quadratus femoris, and the External rotator muscles of the 
thigh, in company with the small sciatic nerve and artery, being covered by 
the Gluteus maximus; lower down, it lies upon the Adductor magnus, and is 
covered by the long head of the Biceps. 

The branches of the nerve, before its division, are articular and muscular. 

The articular branches arise from the upper part of the nerve ; they supply the 
hip-joint, perforating the posterior part of its fibrous eapsule. These branches 
are sometimes derived from the sacral plexus. 

_ The muscular branches are distributed to the flexors of the leg: viz. the 
Biceps, Semitendinosus, and Semimembranosus, and to the Adductor magnus. 
The nerve to the short head of the Biceps comes from the external popliteal 
part of the great sciatic, while the other muscular branches arise from the 
internal popliteal portion, as may be seen in those cases where the two 
popliteal nerves emerge separately on the buttock. 

The Internal popliteal nerve, the larger of the two terminal branches of the 
great sciatic, arises from the anterior branches of the last two lumbar and first 
three sacral nerves. It descends along the back part of the thigh, through the 
middle of the popliteal space to the lower part of the Popliteus muscle, where it 
passes with the popliteal artery beneath the arch of the Soleus, and becomes 
the posterior tibial. It is overlapped by the hamstring muscles above, and then 
becomes more superficial, and lies to the outer side of, and some distance from, 
the popliteal vessels ; opposite the knee-joint, it is in close relation with the 
vessels, and crosses to the inner side of the artery. Below, it is overlapped by 
the Gastrocnemius. 


The branches of this nerve are, articular, muscular, and a cutaneous branch, 
the communicans tibialis nerve. 


The ‘articular branches, usually three in number, supply the knee-joint; two 


of these accompany the superior and inferior internal articular arteries ; and a 
third, the azygos articular artery. 
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The muscular branches, four or five in number, arise from the nerve as it lies 
between the two heads of the Gastrocnemius muscle ; they supply that muscle, 
the Plantaris, Soleus, and Popliteus. The braneh which supplies the Popliteus 
turns round its lower border and is distributed to its deep surface. 

The communicans tibialis descends between the two heads of the Gastro- 
cnemius muscle, and, about the middle of the back of the leg, pierces the deep 
fascia, and joins a communicating branch (communicans peronet) from the external 
popliteal nerve to form the external, or short, saphenous (fig. 636). 

The external saphenous nerve, formed by the communicating branches of the 
internal and external popliteal nerves, passes downwards and outwards near the 
outer margin of the tendo Achillis, = close to the external saphenous vein, to 
the interval between the external ma -s and the os calcis. It winds round the 
outer malleolus, and is distributed to the integument along the outer side of the 
foot and little toe, communicating on the dorsum of the foot with the musculo- 
cutaneous nerve. In the leg, its branches communicate with those of the small 
sciatic. 

The Posterior tibial nerve (fig. 637) commences at the lower border of the 
Popliteus muscle, and passes along the back part of the leg with the posterior 
tibial vessels to the interval between the 
inner malleolus and the heel, where it 
divides beneath the internal annular liga- 
ment of the ankle into the external and 
internal plantar nerves. It lies upon the 
deep muscles of the leg, and is covered in 
the upper part by the muscles of the calf, 
lower down by the skin, the superficial and 
deep fasciæ. Inthe upper part of its course, | wer nl 
it lies to the inner side of the posterior Sah. AORA Y 
tibial artery; but it soon crosses that vessèl, ia AR Me p 
and lies to its outer side as far as the ankle. 
In the lower third of the leg, it is placed 
parallel with the inner margin of the tendo 
Achillis. 

The branches of the posterior tibial 
nerve are muscular, calcaneo-plantar, and Ñ rm 
articular. STN Ss branch 

The muscular branches arise either sepa- fe fig d ; 
rately or by a common trunk from the 
upper part of the nerve. They supply the 
Soleus, Tibialis posticus, Flexor longus 
digitorum, and Flexor longus hallueis 
muscles; the branch to the latter muscle 
accompanying the peroneal artery. The 
branch from the posterior tibial nerve to 
the Soleus enters its deep surface, while 
the branch which this muscle receives from 
the internal popliteal enters its superficial 
aspect. 

The calcaneo-plantar (internal calcanean) 
branch perforates the internal annular liga- 
ment, and supplies the integument of the 
heel and inner side of the sole of the foot. 

The articular branch is given off just above the bifurcation of the nerve, and 
supplies the ankle-joint. l l 

The internal plantar nerve (fig. 638), the larger of the two terminal branches 
of the posterior tibial, accompanies the internal plantar artery along the inner 
side of the foot. From its origin at the inner ankle it passes beneath the 
Abductor hallucis, and then forwards between this muscle and the Flexor brevis 
digitorum ; it divides opposite the bases of the metatarsal bones into four digital 
branches, and communicates with the external plantar nerve. s 

Branches.—In its course, the internal plantar nerve gives off cutaneous 
branches, which pierce the plantar fascia, and supply the integument of the 
sole of the foot; muscular branches, which supply the Abductor hallucis and 


Fig. 638.—The plantar nerves. 
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Flexor brevis digitorum; articular branches to the articulations of the tarsus 
and metatarsus; and four digital branches. The three outer branches pass 
between the divisions of the plantar fascia in the clefts between the toes: the 
first (innermost) branch becomes cutaneous about the middle of the sole, between 
the Abductor hallucis and Flexor brevis digitorum. They are distributed in the 
following manner: the first supplies the inner border of the great toe, and 
sends a filament to the Flexor brevis hallucis muscle; the second bifurcates, to 
supply the adjacent sides of the great and second toes, sending a filament to the 
first Lumbricalis muscle; * the third digital branch supplies the adjacent sides 
of the second and third toes ; the fourth supplies the corresponding sides of the 
third and fourth toes, and receives a communicating branch from the external 
plantar nerve. Each digital nerve gives off cutaneous and articular filaments ; 
and opposite the last phalanx sends a dorsal branch, which supplies the struc- 
tures around the nail, the continuation of the nerve being distributed to the ball 
of the toe. It will be observed, that the distribution of these digital branches 
is precisely similar to those of the median nerve in the hand. 

The external plantar nerve, the smaller of the two, completes the nervous 
supply to the structures of the sole of the foot, being distributed to the little toe 
and one-half of the fourth, as well as to most of the deep muscles, its distribution 
being similar to that of the ulnar in the hand. It passes obliquely forwards 
with the external plantar artery to the outer side of the foot, lying between the 
Flexor brevis digitorum and Flexor accessorius; and, in the interval between 
the former muscle and Abductor minimi ‘digiti, divides into a superficial and a 
deep branch. Before its division, it supplies the Flexor accessorius and Abductor 
minimi digiti. al 

The superficial branch separates into two digital nerves: one, the smaller of 
the two, supplies the outer side of the little toe, the Flexor brevis minimi digiti, 
and the two Interossei muscles of the fourth metatarsal space; the other and 
larger digital branch supplies the adjoining sides of the fourth and fifth toes, and 
communicates with the internal plantar nerve. 

The deep or muscular branch accompanies the external plantar artery into 
the deep part of the sole of the foot, beneath the tendons of the Flexor muscles 
and Addtietor obliquus hallucis, and supplies all the Interossei (except those in 
the fourth metatarsal space), the three outer Lumbricales, the Adductor obliquus 
hallucis, and the Adductor transversus hallucis. 

The External popliteal or peroneal nerve (fig. 637), about one-half the size 
of the internal popliteal, arises from the dorsal branches of the last two lumbar 
and first two sacral nerves. It descends obliquely along the outer side of the 
popliteal space to the head of the fibula, close to the inner margin of the Biceps 
muscle. It is easily felt beneath the skin behind the head of the fibula, at the 
inner side of the tendon of the Biceps. It lies between the tendon of the Biceps 
and outer head of the Gastrocnemius muscle, winds round the neck of the fibula, 
between the Peroneus longus and the bone, and divides beneath the muscle into 
the anterior tibial and musculo-cutaneous nerves. 

The branches of the external povliteal nerve, previous to its division, are 
articular and cutaneous. 

The articular branches are three in number; two of these accompany the 
superior and inferior external articular arteries to the outer side of the knee. The 
upper one occasionally arises from the great sciatic nerve before its bifurcation. 
The third (recurrent) articular nerve is given off at the point of division of the 
external popliteal nerve; it ascends with the anterior recurrent. tibial artery 
through the Tibialis anticus muscle to the front of the knee, which it supplies. 

The cutaneous branches, two or three in number, supply the integument along 
the back part and outer side of the leg; one of these, larger than the rest, the 
communicans peronet, arises near the head of the fibula, crosses the external head 
of the Gastrocnemius to the middle of the leg, and joins with the communicans 
tibialis to form the external saphenous. This nerve occasionally exists as a 
separate branch, which is continued down as far as the heel. 

The Anterior tibial nerve (fig. 633) commences at the bifurcation of the 
peroneal nerve, between the fibula and upper part of the Peroneus longus, passes 
obliquely forwards beneath the Extensor longus digitorum to the fore part of the 


** See footnote, page 573. 
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interosseous membrane, and comes into relation with the anterior tibial artery 
above the middle of the leg ; it then descends with the artery to the front of the 
ankle-joint, where it divides into an external and an internal branch. This 
nerve lies at first on the outer side of the anterior tibial artery, then in front of 
it, and again at its outer side at the ankle-joint. 

The branches of the anterior tibial nerve, in its course through the leg, are 
muscular to the Tibialis anticus, Extensor longus digitorum, Peroneus tertius, 
=e proprius hallucis muscles, and an articular branch to the ankle- 
joint. 

The external terminal branch passes outwards across the tarsus, beneath the 
Extensor brevis digitorum, and, having become enlarged like the posterior 
interosseous nerve at the wrist, supplies the Extensor brevis digitorum. From 
the enlargement three minute interosseous branches are given off, which supply 
the tarsal joints and the metatarso-phalangeal joints of the second, third, and 
=a toes. The first of these sends a filament to the second dorsal interosseous 
muscle. 

The internal branch, the continuation of the nerve, accompanies the dorsalis 
pedis artery along the inner side of the dorsum of the foot, and, at the first 
interosseous space, divides into two branches, which supply the adjacent sidés 
of the great and second toes, communicating with the innermost branch of the 
musculo-cutaneous nerve. Before it divides it gives off an interosseous branch 
to the first space, which supplies the metatarso-phalangeal joint of the great toe 
and sends a filament to the First dorsal interosseous muscle. 

The Musculo-cutaneous nerve (fig. 633) supplies the muscles on the fibular 
side of the leg, and the integument over the greater part of the dorsum of the 
foot. It passes forwards between the Peronei muscles and the Extensor longus 
digitorum, pierces the deep fascia at the lower thizd of the leg, on its front and 
outer side, and divides into two branches. This nerve, in its course between the 
muscles, gives off muscular branches to the Peroneus longus and brevis, and 
cutaneous filaments to the integument of the lower part of the leg. 

The internal branch of the musculo-cutaneous nerve passes in front of the 
ankle-joint, and divides into two branches, one of which supplies the inner side 
of the great toe, the other, the adjacent sides of the second and third toes. It 
also supplies the integument of the inner ankle and inner side of the foot, 
communicating with the internal saphenous nerve, and joining with the anterior 
tibial nerve, between the great and second toes. 

The external branch, the smaller, passes along the outer side of the dorsum 
of the foot, and divides into two branches, the inner being distributed to the 
contiguous sides of the third and fourth toes, the outer to the opposed sides of 
the fourth and fifth toes. It also supplies the integument of the outer ankle and 
outer side of the foot, communicating with the short saphenous nerve. 

The branches of the musculo-cutaneous nerve supply all the toes g 
the outer side of the little toe, and the adjoining sides of the great and secon 
toes, the former being supplied by the external saphenous, and the latter by the 
internal branch of the anterior tibial. It frequently happens, however, that 
some of the outer branches of the musculo-cutaneous are absent, their place 
being then taken by branches of the external saphenous nerve. 


Surgical Anatomy.—The lumbar plexus passes through the Psoas muscle, and there- 
fore in psoas abscess, any or all of its branches may be irritated, causing severe pain in 
the part to which the irritated nerves are distributed. The genito-crural nerve is the one 
which is most frequently implicated. This nerve is also of importance as 1t 18 concerned 
in one of the principal reflexes employed in the investigation of diseases of the spine. 
If the skin over the inner side of the thigh just below Poupart’s ligament, the part 
supplied by the crural branch of the genito-crural nerve, be gently tickled in a male 
child, the testicle will be noticed. to be drawn upwards, through the action of the 
Cremaster muscle, supplied by the genital branch of the same nerve. The same result 
may sometimes be noticed in adults, and can almost always be produced by severe 
stimulation. This reflex, when present, shows that the portion of the cord from which 
the first and second lumbar nerves are derived is in a normal condition. à 

The anterior crural nerve is in danger of being injured in fractures of the true pelvis, 
since the fracture most commonly takes place through the ascending ramus of the os 
pubis, at or near the point where this nerve crosses the bone. Itis also liable to be 
injured in fractures and dislocations of the femur, and is likely to be pressed upon, and 
its functions impaired, in some tumours growing in the pelvis. Moreover, on account of 
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its superficial position, it is exposed to injury in wounds and stabs in the groin. When 
this nerve is paralysed, the patient is unable to flex his hip completely, on account of the 
loss of motion in the Iliacus ; or to extend the knee on the thigh, on account of paralysis 
of the Quadriceps extensor cruris; there is complete paralysis of the Sartorius, and 
partial paralysis of the Pectineus. There is loss of sensation down the front and inner 
side of the thigh, except in that part supplied by the crural branch of the genito-crural, 
and by the ilio-inguinal. There is also loss of sensation down the inner side of the leg 
and foot as far as the ball of the great toe. 

The obturator nerve is of special surgical interest. Is is rarely paralysed alone, but 
occasionally in association with the anterior crural. The principal interest attached to it 
is in connection with its supply to the knee; pain in the knee being symptomatic of 
many diseases in which the trunk of this nerve, or one ofits branches, is irritated. Thus 
it is well known that in the earlier stages of hip-joint disease the patient does not 
complain of pain in that articulation, but on the inner side of the knee, or in the knee- 
joint itself, both those articulations being supplied by the obturator nerve, the final 
distribution of the nerve being to the knee-joint. Again, the same thing occurs in sacro- 
iliac disease : pain is complained of in the knee-joint, or on its inner side. The obturator 
nerve is in close relationship with the sacro-iliac articulation, passing over it, and, 
according to some anatomists, distributing filaments to it. Further, in cancer of the 
sigmoid flexure, and even in cases where masses of. hardened fæces are impacted in this 
portion of the gut, pain is complained of in the knee. The left obturator nerve lies 
beneath the sigmoid flexure, and is readily pressed upon and irritated when disease exists 
in this part of the intestine. Finally, pain in the knee forms an important diagnostic 
sign in obturator hernia. The hernial protrusion as it passes out through the opening in 
the obturator membrane presses upon the nerve and causes pain in the parts supplied by 
its peripheral filaments. When the obturator nerve is paralysed, the patient is unable to 
press his knees together or to cross one leg over the other, on account of paralysis of the 
Adductor muscles. Rotation outwards of the thigh is impaired from paralysis of the 
Obturator externus. Sometimes there is loss of sensation in the upper half of the inner 
side of the thigh. 

The great sciatic nerve is liable to be pressed upon by various forms of pelvic tumours, 
giving risc to pain along its trunk, to which the term sciatica is applied. Tumours 
growing from the pelvic viscera, or bones, aneurisms of some of the branches of the 
internal iliac artery, calculus in the bladder when of large size, accumulation of fæces in 
the rectum, may all cause pressure on the nerve inside the pelvis, and give rise to 
sciatica. Outside the pelvis exposure to cold, violent movements of the hip-joint, 
exostoses or other tunours growing from the margin of the sacro-sciatie foramen, may 
also give rise to the same condition. When paralysed there is loss of motion in all the 
muscles below the knee, and loss of sensation in the same situation, except the upper 
half of the back of the leg, which is supplied by the small sciatic, and in the upper half 
of the inner side of the leg, when the communicating branch of the obturator is large 
(see page 918). | 

he great sciatic nerve has been frequently cut down upon and stretched, or has been 
acupunctured for the relief of sciatica. The nerve has also been stretched in cases of 
locomotor ataxy, the anesthesia of leprosy, &c. In order to define it on the surface, a 
point is taken at the junction of the middle and lower third of a line stretching from the 
posterior superior spine of the ilium to the outer part of the tuber ischii, and a line drawn 
from this to the middle of the upper part of the popliteal space. The line must be 
slightly curved with its convexity outwards, and as it passes downwards to the lower 
border of the Gluteus maximus is slightly nearer the tuber ischii than the great trochanter, 
as lt crosses a line drawn between these two points. The operation of stretching the 
sciatic nerve is performed by making an incision over the course of the nerve about 
the centre of the thigh. The skin, superficial structures, and deep fascia having been 
divided, the interval between the inner and outer hamstrings is to be defined, ata these 
muscles pulled inwards and outwards with retractors. The nerve will be found a little 
to the inner side of the Biceps. It is to be separated from the surrounding structures, 
hooked up with the finger, and stretched by steady and continuous traction for two 
or three minutes. The sciatic nerve may also be stretched by what is known as the 
‘dry’ plan. The patient is laid on his back, the foot is extended, the leg flexed on the 
thigh, and the thigh strongly flexed on the abdomen. While the thigh is maintained 
ja Ps panan, the leg is forcibly extended to its full extent, and the foot as fully flexed 
n the leg. 

The position of the external popliteal, close behind the tendon of the Biceps on the 
outer side of the ham, should be remembered in subcutaneous division of the tendon. 
eee tendon $ divided, a cord often rises up close beside it, which might be 

xen for a small undivided portion of the tendon, and the surgeon might be tempted 
to reintroduce his knife and divide it. This must never be done, as the cord is the 
external popliteal nerve, which becomes prominent as soon as the tendon is divided. 
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THE SYMPATHETIC NERVOUS SYSTEM 


The Sympathetic Nervous System consists of (1) a series of ganglia, connected 

together by intervening trunks, extending from the base of the skull to the 
coccyx, one on each side of the middle line of the body, which are connected 
with at least one spinal nerve by one or more rami communicantes, and give off 
numerous nerve-fibres, rami efferentes, to the blood-vessels and viscera ; (2) three 
great gangliated plexuses, or aggregations of nerves and ganglia, situated in 
front of the spine in the thoracic, abdominal, and pelvic cavities respectively ; 
and (3) smaller secondary gangliated plexuses to certain viscera, as the heart, 
the intestines, the suprarenal capsules, and the arteries.* 
_ Hach gangliated cord may be traced upwards from the base of the skull into 
its cavity by an ascending branch, which passes through the carotid canal, forms 
a plexus on the internal carotid artery, and is connected with certain cranial 
nerves. Below, they converge and unite together in a single ganglion (ganglion 
impar) placed in front of the coccyx. The ganglia of these cords are distin- 
guished as cervical, dorsal, lumbar, and sacral, and except in the neck they 
nearly correspond in number to the vertebra against which they lie. They 
may be thus arranged : 


Cervical portion . 3 pairs of ganglia. 
Dorsal A A . ae o; ” 
Lumbar 3? , ° 4 » n 
Sacral . ; . 4075, m 


In the neck the ganglia are situated in front of the transverse processes of 
the vertebræ; in the dorsal region, in front of the heads of the ribs; in the lumbar 
region, on the sides of the bodies of the vertebrm; and in the sacral region, in 
front of the sacrum. Each ganglion consists of cells and fibres; the latter being 
of two kinds, medullated and non-medullated. The medullated nerve-fibres arise 
from the anterior primary divisions of the spinal nerves and are derived from 
both nerve-roots ; they may terminate in the ganglion by forming arborisations 
around the cells; or they may pass through the ganglion to end in relation with 
the cells of the great gangliated plexuses ; or thirdly, they may pass through the 
ganglion to the one above or below through the trunk of communication. They 
are termed white rami communicantes, and exist only in connection with the 
dorsal and upper two lumbar nerves, and with the second and third sacral nerves. 

The non-medullated nerve-fibres are the axis-cylinder processes of the ganglion 
cells. Like the medullated fibres, they terminate in three ways: (1) some pass 
through the trunk of communication to the ganglion above or below, where 
they end in arborisations around its nerve-cells ; (2) others form rami efferentes 
to the vessels or viscera, or pass to the great gangliated plexuses; and (3) the 
remainder (grey rami mye are conveyed to the spinal nerves, passing 
from all the sympathetic ganglia to all the spinal nerves. 

The three great gangliated plexuses are situated in front of the spine in the 
thoracic, abdominal, and pelvic regions, and are named respectively, the cardtac, 
the solar or epigastric, and the hypogastric plexus. They consist of collections 
of nerves and ganglia ; the nerves being derived from the gangliated cords, and 
from the cerebro-spinal nerves, They distribute branches to the viscera. 

The branches of distribution derived from the gangliated cords, from the 
prevertebral plexuses, and also from the smaller gangliated plexuses, are 
principally destined for the blood-vesséls and thoracic and abdominal viscera, 
supplying the involuntary muscular fibres of the coats of the vessels and the 
hollow viscera, and the secreting cells, as well as the muscular coats of the 
vessels in the glandular viscera. 


CERVICAL Portion oF THE GANGLIATED CORD 


The cervical portion of the gangliated cord consists of three ganglia on each 
side, which are distinguished, according to their position, as the superior, middle, 


* Certain ganglia, connected with the fifth cranial nerve, the ciliary, Meckel’s, otic, 
and submaxillary, and already described (pages 860 et seq.), may be regarded as part of 


the sympathetic system. 
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and inferior cervical. This portion of the sympathetic cord receives no white 
rami communicantes from the cervical spinal nerves, 1ts spinal fibres being 
derived from the white communicating rami of the upper dorsal nerves, which 
enter the corresponding dorsal ganglia of the sympathetic, and through these 
ascend into the neck. l l 

The Superior cervical ganglion, the largest of the three, 1s placed opposite 
the second and third cervical vertebre. It is of a reddish-grey colour, and 
usually fusiform in shape; sometimes broad and flattened, and occasionally 
constricted at intervals; it is believed to be formed by the coalescence of four 
ganglia, corresponding to the four upper cervical nerves. — It is in relation, in 
front, with the sheath of the internal carotid artery, and internal jugular vein ; 
behind, it lies on the Rectus capitis anticus major muscle. 

Its branches may be divided into superior, inferior, external, internal, and 
anterior. 

The superior branch appears to be a direct prolongation of the ganglion. It 
is soft in texture, and of a reddish colour. It ascends by the side of the internal 
carotid artery, and, entering the carotid canal in the temporal bone, divides into 
two branches, which lie, one on the outer, and the other on the inner gide of 
that vessel. 

The outer branch, the larger of the two, distributes filaments to the internal 
carotid artery, and forms the carotid plexus. 

The inner branch also distributes filaments to the internal carotid, and, 
continuing onwards, forms the cavernous plexus. > 

The carotid plexus is situated on the outer side of the internal carotid. 
Filaments from this plexus occasionally form a small gangliform swelling on 
the under surface of the artery, which is called the carotid ganglion. The carotid 
plexus communicates with the Gasserian ganglion, with the sixth nerve, and 
the spheno-palatine ganglion, and distributes filaments to the wall of the carotid 
artery, and to the dura mater (Valentin) ; it also communicates with Jacobson's 
nerve (tympanic branch of the glosso-pharyngeal). 

The communicating branches with the sixth nerve consist of one or two 
filaments which join that nerve as it lies upon the outer side of the internal 
carotid. Other filaments are also connected with the Gasserian ganglion. The 
communication with the spheno-palatine ganglion is effected by a branch, the 
large deep petrosal, which is given off from the plexus on the outer side of the 
artery, and which passes through the cartilage filling up the foramen lacerum 
medium, and joins the great superficial petrosal to form the Vidian nerve. 
The Vidian nerve then proceeds through the Vidian canal to the spheno- 
palatine ganglion. The communication with Jacobson’s nerve is effected by 
two branches, one of which is called the small deep petrosal nerve, and the 
other the carotico-tympanic; the latter may consist of two or three delicate 
filaments. 

The cavernous plexus is situated below, and internal to that part of the 
internal carotid which is placed by the side of the sella turcica, in the cavernous 
sinus, and is formed chiefly by the internal division of the ascending branch from 
the superior cervical ganglion. It communicates with the third, the fourth, the 
ophthalmic division of the fifth, and the’ sixth nerves, and with the ciliary 
ganglion, and distributes filaments to the wall of the internal carotid. The 
branch of communication with the third nerve joins that nerve at its point of 
division ; the branch to the fourth nerve joins it as it lies on the outer wall of the 
cavernous sinus; other filaments are connected with the under surface of the 
trunk of the ophthalmic nerve; and a second filament of communication joins 
the sixth nerve. 

The filament of connection with the ciliary ganglion arises from the 
anterior part of the cavernous plexus and enters the orbit through the sphenoidal 
fissure ; it may join the nasal branch of the ophthalmic nerve, or be continued 
forwards as a separate branch. 

The terminal filaments from the carotid and cavernous plexuses are pro- 
longed along the internal carotid, forming plexuses which entwine round the 
anterior and middle cerebral arteries and the ophthalmic artery: along the 
former vessels they may be traced to the pia mater; along the latter, into the 
orbit, where they accompany each of the subdivisions of the vessel, a separate 
plexus passing, with the arteria centralis retine, into the interior of the eyeball. 
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Fig. 639.—-The sympathetic nerve. 
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The filaments prolonged on to the anterior communicating artery connect the 
sympathetic nerves of the right and left sides. - l : 

The inferior or descending branch of the superior cervical ganglion com- 
municates with the middle cervical ganglion. 

The external branches are communicating, and consist of grey rami commu- 
nicantes to the four upper cervical nerves and to certain of the cranial nerves. 
Sometimes the branch to the fourth cervical nerve may come from the cord 
connecting the upper and middle cervical ganglia. The branches of commu- 
nication with the cranial nerves consist of delicate filaments, which pass from 
the superior cervical ganglion to the ganglion of the trunk of the pneumogastric, 
and to the hypoglossal nerve. A separate filament (nervus jugularis) from the 
ganglion passes upwards to the base of the skull, and subdivides to join the 
petrosal ganglion of the glosso-pharyngeal, and the ganglion of the root of the 
pneumogastric in the jugular foramen. 

The internal branches are peripheral, and are the pharyngeal, and superior 
cardiac nerve. The pharyngeal branches pass inwards to the side of the pharynx, 
where they join with branches from the glosso-pharyngeal, pneumogastric, and 
external laryngeal nerves to form the pharyngeal plexus. | 

The superior cardiac nerve (nervus superficialis cordis) arises by two or more 
branches from the superior cervical ganglion, and occasionally receives a filament 
from the cord of communication between the first and second cervical ganglia. 
It runs down the neck behind the common carotid artery, lying upon the 
Longus colli musele ; and crosses in front of the inferior thyroid artery, and 
recurrent laryngeal nerve. The course of the nerves on the two sides then 
differs. 

The right superior cardiac nerve, at the root of the neck, passes either in front 
of or behind the subclavian artery, and along the arteria innominata, to the back 
part of the arch of the aorta, where it joins the deep cardiac plexus. This nerve, 
in its course, is connected with other branches of the sympathetic; about the 
middle of the neck it receives filaments from the external laryngeal nerve ; lower 
down, one or two twigs from the pneumogastric ; and as it enters the thorax it 
is joined by a filament from the recurrent laryngeal. Filaments from this nerve 
communicate with the thyroid branches from the middle cervical ganglion. 

The left superior cardiac nerve, in the chest, runs in front of the left common 
carotid artery and the arch of the aorta, to the superficial cardiac plexus. 

The anterior branches ramify upon the external carotid artery and its 
branches, forming round each a delicate plexus, on the nerves composing which 
small ganglia are occasionally found. The plexuses accompanying some of these 
arteries have important communications with other nerves. That surrounding 
the facial communicates with the submaxillary ganglion by one or two filaments : 
and that accompanying the middle meningeal artery sends an offset to the otic 
ganglion, and another, the external superficial petrosal nerve, to the geniculate 
aeagiion of the facial nerve. | 
«I The Middle cervical ganglion (thyroid ganglion) is the smallest of the three 
cervical ganglia, and is occasionally altogether wanting. It is placed opposite 
the sixth cervical vertebra, usually upon, or close to, the inferior thyroid artery ; 
hence the name ‘thyroid ganglion, assigned to it by Haller. It is probably 
formed by the coalescence of two ganglia corresponding to the fifth and sixt 
cervical nerves. 

It is joined by grey rami communicantes to the fifth and sixth cervical nerves. 

It gives off the thyroid and the middle cardiac nerves, 

The thyroid branches are small filaments, which accompany the inferior 
thyroid artery to the thyroid gland; they communicate, on the artery, with the 
superior cardiac nerve, and, in the gland, with branches from the recurrent and 
external laryngeal nerves. 

The middle cardiac nerve (nervus cardiacus magnus), the largest of the three 
cardiac nerves, arises from the middle cervical ganglion, or from the cord 
between the middle and inferior ganglia. On the right side it descends behind 
the common carotid artery ; and at the root of the neck passes either in front 
of or behind the subclavian artery; it then descends on the trachea, receives 
a few filaments from the recurrent laryngeal nerve, and joins the right half of 
the deep cardiac plexus. In the neck, it communicates with the superior cardiac 
and recurrent laryngeal nerves. On the left side, the middle cardiac nerve 
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Fre. 640.—Plan of the cervical portion of the sympathetic. (After Flower). 
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enters the chest between the left carotid and subclavian arteries, and joins the 
left half of the deep cardiac plexus. 

The Inferior cervical ganglion is situated between the base of the transverse 
process of the last cervical vertebra and the neck of the first rib, on the inner 
side of the superior intercostal artery. Its form is irregular; it is larger in 
size than the preceding, and frequently joined with the first thoracic ganglion. 
It is probably formed by the coalescence of two ganglia which correspond to 
the two last cervical nerves. It is connected to the middle cervical ganglion 
by two or more cords: one of which forms a loop around the subclavian artery 
and supplies offsets to it. This loop is named the ansa Viewssenw. 

Ti is joined by grey rami communicantes to the seventh and eighth cervical 
nerves. 

It gives off the inferior cardiac nerve, and offsets to blood-vessels. = 

The inferior cardiac nerve (nervus cardiacus minor) arises from the inferior 
cervical or first thoracic ganglion. It passes down behind the subclavian 
artery and along the front of the trachea, to join the deep cardiac plexus. It 
communicates freely behind the subclavian artery with the recurrent laryngeal 
and middle cardiac nerves. 

The offsets to blood-vessels accompany the vertebral artery, and form a plexus 
around it; this plexus supplies filaments to the vessel, and is continued up 
the vertebral and basilar to the cerebral arteries. 


THORACIC PORTION OF THE GANGLIATED CORD 


The thoracic portion of the gangliated cord consists of a series of ganglia, 
which usually correspond in number to that of the vertebra; but, from the 
occasional coalescence of two, their number is uncertain. These ganglia are 
placed on each side of the spine, resting against the heads of the ribs, and 
covered by the pleura costalis ; the last two, however, are more anterior than 
the rest, being dec on the side of the bodies of the eleventh and twelfth dorsal 
vertebre. The ganglia are small in size, and of a greyish colour. The first, 
larger than the others, is of an elongated form, and frequently blended with the 
tat, cervical. They are connected together by the intervening portions of the 
cord. 

Two rami communicantes, one white and the other grey, connect each 
ganglion with its corresponding spinal nerve. 

The branches from the five upper ganglia are very small; they supply 
filaments to the thoracic aorta and its branches, besides small branches to the 
bodies of the vertebre and their ligaments. Branches from the second, third, 
and fourth ganglia enter the posterior pulmonary plexus. 

The branches from the seven lower ganglia are large, and white in colour; 
they distribute filaments to the aorta, and unite to form the three splanchnic 
nerves. These are named the great, the lesser, and the least splanchnic. 

The great splanchnic nerve is white in colour, firm in texture, and is formed 
by branches from the fifth to the ninth or tenth thoracic ganglia; but the 
fibres in the higher roots may be traced upwards in the sympathetic cord as 
far as the first or second thoracic ganglion. These roots unite to form a large 
round cord of considerable size. It descends obliquely inwards in front of 
the bodies of the vertebræ along the posterior mediastinum, perforates the 
crus of the Diaphragm, and terminates in the semilunar ganglion of the solar 
plexus, distributing filaments to the renal and suprarenal plexuses. A ganglion 
(splanchnic ganglion) exists on this nerve opposite the eleventh or twelfth 
dorsal vertebra. 

The lesser splanchnic nerve is formed by filaments from the ninth and tenth, 
and sometimes the eleventh ganglia, and from the cord between them. It 
pierces the Diaphragm with the preceding nerve, and joins the aortico-renal 
ganglion of the solar plexus. It communicates in the chest with the great 
` splanchnic nerve, and ends in the solar plexus. 

The least splanchnic nerve arises from the last thoracic ganglion, and, piercing 
the Diaphragm, terminates in the renal plexus. It occasionally communicates 
with the preceding nerve. 


A striking analogy appears to exist between the splanchnic and the cardiac 
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nerves. The cardiac nerves are three in number; they arise from the three 
cervical ganglia, and are distributed to a large and important organ in the 
thoracic cavity. The splanchnic nerves, also three in number, are connected 
probably with all the dorsal ganglia, and are distributed to important organs in 
the abdominal cavity. 


LUMBAR PORTION OF THE GANGLIATED CORD 


The lumbar portion of the gangliated cord is situated in front of the vertebral 
column, along the inner margin of the Psoas muscle. It consists usually of 
four ganglia, connected together by interganglionic cords. It is continuous 
above with the thoracic portion beneath the internal arcuate ligament of the 
Diaphragm, and below with the sacral portion behind the common iliac artery. 
The:ganglia are of small size, and placed much nearer the median line than 
the thoracic ganglia. 

Grey rami communicantes connect all the ganglia with the lumbar spinal 
nerves. There may be two from each ganglion, but the arrangement is not so 
uniform as in other regions. The first and second, and sometimes the third, 
lumbar nerves send white rami communicantes to the upper two or three ganglia. 
From the situation of the lumbar ganglia, these branches are longer than in 
the other regions. They accompany the lumbar arteries around the sides of the 
bodies of the vertebrae, passing beneath the fibrous arches from which some of 
the fibres of the Psoas muscle arise. 

Of the branches of distribution, some pass inwards, in front of the aorta, and 
help to form the aortic plexus. Other branches descend in front of the common 
iliac arteries, and, joining over the promontory of the sacrum, assist in forming 
the hypogastric plexus. Numerous delicate filaments are also distributed to the 
bodies of the vertebre, and the ligaments connecting them. 


Pretvic PORTION OF THE GANGLIATED CORD 


The pelvic portion of the gangliated cord is situated in front of the sacrum, 
along the inner side of the anterior sacral foramina. It consists of four or five 
small ganglia on each side, connected together by interganglionic cords, and 
continuous above with the lumbar portion. Below, these cords converge and 
unite on the front of the coccyx, by means of a small ganglion (the coccygeal 
ganglion, or ganglion impar). 

Grey rami communicantes pass from the ganglia to the sacral and coccygeal 
nerves, but no white rami communicantes are derived from the spinal nerves, 
and in this respect the sacral ganglia resemble the cervical and lower lumbar 

anglia. 
s The branches of distribution communicate, on the front of the sacrum, with 
the corresponding branches from the opposite side; some, from the first two 
ganglia, pass to join the pelvic plexus, and others form a plexus, which accom- 
panies the middle sacral artery and sends filaments to the coccygeal gland. 


THE GREAT PLEXUSES OF THE SYMPATHETIC 


The great plexuses of the sympathetic are the large aggregations of nerves 
and ganglia, above alluded to, situated in the thoracic, abdominal, and pelvic 
cavities, and named the cardiac, solar, and hypogastric plexuses. they consist 
not only of sympathetic fibres derived from the ganglia, but of fibres trom the 
central nervous axis, which are conveyed through the white ramı communicantes. 
From the plexuses branches are given to the thoracic, abdominal, and pelvic 


viscera. 
CARDIAC PLEXUS 
The cardiac plexus is situated at the base of the heart, and is divided into a 
superficial part, which lies in the concavity of the arch of the aorta, and a deep 
part, which lies between the trachea and aorta. The two plexuses are, however, 
closely connected. 
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The superficial cardiac plexus lies beneath the arch of the aorta, in front of 
the right pulmonary artery. It is formed by the superior cardiac branch of the 
left sympathetic and the inferior cervical cardiac branch of the left pneumogastric 
A small ganglion (cardiac ganglion of Wrisberg) is occasionally found connected 
with these nerves at their point of junction. This ganglion, when present, is 
situated immediately beneath the arch of the aorta, on the right side of the ductus 
arteriosus. The superficial cardiac plexus gives branches (a) to the deep cardiac 
plexus beneath the arch of the aorta; (b) to the right or anterior coronary plexus ; 
and (c) to the left anterior pulmonary plexus. panam 

The deep cardiac plexus is situated in front of the trachea at its bifurcation, 
above the point of division of the pulmonary artery, and behind the arch of the 
aorta, It is formed by the cardiac nerves derived from the cervical ganglia of 
the sympathetic, and the cardiac branches of the recurrent laryngeal and 
pueumogastric. The only cardiac nerves which do not enter into the formation 
of this plexus are the superior cardiac branch of the left sympathetic, and the 
inferior cervical cardiac branch from the left pneumogastric, which pass to the 
superficial plexus. 

The branches from the right side of this plexus pass, some in front of, and 
others behind, the right pulmonary artery; the former, the more numerous, 
transmit a few filaments to the anterior pulmonary plexus, and are then 
continued onwards to form part of the right coronary plexus ; those behind the 
pulmonary artery distribute a few filaments to the right auricle, and are then 
continued onwards to form part of the left coronary plexus. 

The left side of the plexus is connected with the superficial cardiac plexus, 
and gives filaments to the left auricle of the heart, and to the anterior pulmonary 
plexus, and is then continued to form the greater part of the left coronary plexus. 

The left coronary plexus is larger than the right, and accompanies the left 
coronary artery : it is a formed by filaments prolonged from the left side of 
the deep cardiac plexus, and by a few from the tight side. It gives branches to 
the left auricle and ventricle. 

The right coronary plexus is formed partly from the superficial and partly 
from the deep cardiac plexus. It accompanies the right coronary artery, and gives 
branches to the right auricle and ventricle. 


Epiaastric on Borar PLexus (figs. 639, 641) 


The Epigastric or Solar plexus supplies all the viscera in the abdominal 
cavity. It consists of a great network of nerves and ganglia situated behind the 
stomach and lesser sac of the peritoneum, and in front of the aorta and crura of 
the Diaphragm. It surrounds the coeliac axis and root of the superior mesenteric 
artery, extending downwards as low as the pancreas, and outwards to the supra- 
renal capsules. This plexus, and the ganglia connected with it, receive the great 
and small splanchnic nerves of both sides, and some filaments from the right 
pneumogastric. It distributes filaments, which accompany, under the name of 
plexuses, all the branches from the front of the abdomina! aorta. 

Of the ganglia of which the solar plexus is partly composed the principal 
are the two semilunar ganglia, which are situated one on each side of the plexus, 
and are the largest peripheral ganglia in the body. They are large irregular 
gangliform masses, formed by the aggregation of smaller ganglia, having inter- 
peor between them. They are situated in front of the crura of the Diaphragm, 
close to the suprarenal capsules: the one on the right side lies beneath the 
inferior vena cava; the upper part of each ganglion is joined by the great 
splanchnic nerve, and to the inner side of each the branches of the solar plexus 
are connected. A poniga of the semilunar ganglion at its lower end is segmented 
off, and is named the aortico-renal ganglion. This receives the lesser splanchnic 
nerve, and gives off the greater part of the renal plexus. 

From the epigastric or solar plexus are derived the following : 


Phrenic or Diaphragmatie plexus. Gastric plexus. 
Suprarenal plexus. Coeliac plexus Hepatic plexus. 


Renal plexus. Splenic plexus. 
Spermatic plexus, Superior mesenteric plexus. 
Aortic plexus. 
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The phrenic plexus accompanies the phrenic artery to the Diaphragm, some 
filaments passing to the suprarenal capsule. It arises from the upper part of the 
semilunar ganglion, and is larger on the right than on the left side. It receives 


Fig. 641.—Lumbar portion of the gangliated cord, with the solar and hypogastric 
plexuses. (After Henle.) 
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one or two branches from the phrenic nerve. At the point of junction of the 
right phrenic plexus with the phrenic nerve, is a small ganglion . (ganglion 
duaphragmaticum). This ganglion distributes branches to the inferior vena cava, 
suprarenal capsule, and the hepatic plexus. There is no ganglion on the left 
side. 

The suprarenal plexus is formed by branches from the solar plexus, from the 
semilunar ganglion, and from the phrenic and great splanchnic nerves, a ganglion 
being formed at the point of junction of the latter nerve. It supplies the supra- 
renal capsule, being distributed chiefly to its medullary portion. The branches 
of this plexus are remarkable for their large size, in comparison with the size of 
the organ they supply. 

The renal plexus is formed by filaments from the solar plexus, the lower part 
of the semilunar ganglion (aortico-renal ganglion), and the aortic plexus. It is 
also joined by the smallest splanchnic nerve. The nerves from these sources, 
fifteen or twenty in number, have numerous ganglia developed upon them.” They 
pory the branches of the renal artery into the kidney; some filaments 
on the right side being distributed to the inferior vena cava, and others to the 
spermatic plexus, on both sides. 

The spermatic plexus is derived from the renal plexus, receiving branches 
from the aortic plexus. It accompanies the spermatic vessels to the testes. 

In the female, the ovarian plexus arises like the spermatic plexus, and is 
distributed to the ovaries and fundus of the uterus. 

The celiac plexus, of large size, is a direct continuation from the solar plexus : 
it surrounds the coeliac axis, and subdivides into the gastric, hepatic, and splenic 
plexuses. It receives branches from the lesser splanchnic nerves, and, on the 
left side, a filament from the right pneumogastric. 

The gastric or coronary. plexus accompanies the gastric artery along the 
lesser curvature of the stomach, and joins with branches from the left pneumo- 
gastric nerve. It is distributed to the stomach. 

The hepatic plexus, the largest offset from the coeliac plexus, receives fila- 
ments from the left pneumogastric and right phrenic nerves. It accompanies 
the hepatic artery, ramifying upon its branches, and upon those of the vena 
porte in the substance of the liver. 

Branches from this plexus accompany all the divisions of the hepatic artery. 
Thus there is a pyloric plexus accompanying the pyloric branch of the hepatic, 
which joins with the gastric plexus and pneumogastric nerves. There is also a 
gastro-duodenal plexus, which subdivides into the pancreatico-duodenal plexus, 
which accompanies the superior pancreatico-duodenal artery, to supply the 
pancreas and duodenum, joining with branches from the mesenteric plexus ; and 
a gastro-epiplore plexus, which accompanies the right gastro-epiploic artery along 
the greater curvature of the stomach, and anastomoses with branches from the 
splenic plexus. A cystic plexus, which supplies the gall-bladder, also arises 
from the hepatic plexus, near the liver. 

The splenic plexus is formed by branches from the cceliac plexus, the left 
semilunar ganglia, and from the right pneumogastric nerve. It accompanies 
the splenic artery and its branches to the substance of the spleen, giving off, in 
its course, filaments to the pancreas (pancreatic plexus), and the left gastro- 
eprplore plexus, which accompanies the gastro-epiploica sinistra artery along the 
convex border of the stomach. 

The superior mesenteric plexus is a continuation of the lower part of the 
great solar plexus, receiving a branch from the junction of the right pneumo- 
gastric nerve with the coeliac plexus. It surrounds the superior mesenteric 
artery, which it accompanies into the mesentery, and divides into a number of 
secondary plexuses, which are distributed to all the parts supplied by the artery, 
viz. pancreatic branches to the pancreas ; intestinal branches, which supply the 
whole of the small intestine; and ileo-colic, right colic, and middle colic 
branches, which supply the corresponding parts of the great intestine. The 
nerves composing this plexus are white in colour and firm in texture, and have 
humerous ganglia developed upor them near their origin. 

The aortic plexus is formed by branches derived, on each side, from the solar 
plexus and the semilunar ganglia, receiving filaments from some of the lumbar 
ganglia. It is situated upon the sides and front of the aorta, between the origins 
of the superior and inferior mesenteric arteries. From this plexus arise part of 
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the spermatic, the inferior mesenteric, and the hypogastric plexuses; and it 
distributes filaments to the inferior vena cava. 

The inferior mesenteric plexus is derived chiefly from the left side of the 
aortic plexus. It surrounds the inferior mesenteric artery, and divides into a 
number of secondary plexuses, which are distributed to all the parts supplied by 
the artery, viz. the left colic and sigmoid plexuses, which supply the descending 
and ilio-pelvic parts of the colon: and the superior hemorrhoidal plexus, which 
supplies the rectum, and joins in the pelvis with branches from the pelvic 
plexuses. 


HyproGastric PLEXUS 


The Hypogastric plexus supplies the viscera of the pelvic cavity. It is 
situated in front of the promontory of the sacrum, between the two common 
iliac arteries, and is formed by the union of numerous filaments, which descend 
on each side from the aortic plexus, and from the lumbar ganglia. This plexus 
contains no evident ganglia ; it bifurcates, below, into two lateral portions, which 
form the pelvic plexuses. 


PrELvic PLEXUSES 


The Pelvic plexuses supply the viscera of the pelvic cavity, and are situated 
at the sides of the rectum in the male, and at the sides of the rectum and vagina 
in the female. They are formed by a continuation of the hypogastric plexus, 
by branches from the second, third, and fourth sacral nerves, and by a few 
filaments from the first two sacral ganglia. At the point of junction of these 
nerves, small ganglia are found. From these plexuses numerous branches are 
distributed to all the viscera of the pelvis. They accompany the branches of the 
internal iliac artery. 

The inferior hemorrhoidal plexus arises from the Poer part of the pelvic 
plexus. It supplies the rectum, joining with branches of the superior hæmor- 
rhoidal plexus. 

The vesical plexus arises from the fore part of the pelvic plexus. The nerves 
composing it are numerous, and contain a large proportion of spinal nerve-fibres. 
They accompany the vesical arteries, and are distributed to the side and base of 
the bladder. Numerous filaments also pass to the vesiculæ seminales and vas 
deferens ; those accompanying the vas deferens join, on the spermatic cord, with 
branches from the spermatic plexus. 

The prostatic plexus is continued from the lower part of the pelvic plexus. 
The nerves composing it are of large size. They are distributed to the prostate 
gland, vesiculæ seminales, and erectile structure of the penis. The nerves 
supplying the erectile structure of the penis consist of two sets, the small and 
large cavernous nerves. They are slender filaments, which arise from the fore 
part of the prostatic plexus, and, after joining with branches from the internal 
pudic nerve, pass forwards beneath the pubic arch. 

The small cavernous nerves perforate the fibrous covering of the penis, near 
its root. 

The large cavernous nerve passes forwards along the dorsum of the penis, 
joins with the dorsal nerve of the penis, and is distributed to the corpora 
cavernosa and corpus spongiosum. l 

The vaginal plexus arises from the lower part of the pelvic plexus. It is 
distributed to the walls of the vagina, to the erectile tissue of the vestibule, and 
to the clitoris. The nerves composing this plexus contain, like the vesical, a 
large proportion of spinal nerve-fibres. 

The uterine plexus accompanies the uterine artery to the side of the organ 
between the layers of the broad ligament; it is distributed to the uterus, and 
communicates with the ovarian plexus. 


ORGANS OF SPECIAL SENSE 


IHE Organs of the Senses are five in number: viz. those of Touch, of Taste, 
| of Smell, of Sight, and of Hearing. The skin, which is the principal seat 
of the sense of touch, has been described in the section on General Anatomy. 
The remaining four are the Organs of Special Sense. 


THE TONGUE 


The tongue is the organ of the special sense of taste. It is situated in the 
floor of the mouth, in the interval between the two lateral portions of the body 
of the lower jaw. 

Its base, or root, is directed backwards, and connected with the os hyoides by 
the Hyo-glossi and repeat T e muscles and the hyo-glossal membrane ; 
with the epiglottis by three folds (glosso-epiglottic) of mucous membrane ; with 
the soft palate by means of the anterior pillars of the fauces; and with the 
pharynx by the Superior constrictors and the mucous membrane. Its apex, or 
tip, thin and narrow, is directed forwards against the inner surface of the lower 
incisor teeth. The under surface of the tongue is connected with the lower jaw 
by the Genio-hyo-glossi muscles; from its sides, the mucous membrane is 
reflected to the inner surface of the gums; and from its under surface on to the 
floor of the mouth, where, in the middle line, it is elevated into a distinct vertical 
fold, the frenum linguæ. To the outer side of the franum is a slight fold of the 
mucous membrane, the plica fimbriata, the free edge of which exhibits a series 
of fringe-like processes. 

The tip of the tongue, part of the under surface, its sides, and dorsum are 
ree. 

The dorsum of the tongue is convex, marked along the middle line by a 
raphé, which divides it into symmetrical halves ; this raphé terminates behind, 
about an inch from the base of the organ, in a depression, the foramen cecum, 
from which a shallow groove, the sulcus terminalis of His, runs outwards and 
forwards on each side to the lateral margin of the tongue. The part of the 
dorsum of the tongue in front of this groove, forming about two-thirds of its 
upper surface, is rough and covered with papille ; the posterior third is smoother, 
and contains numerous muciparous glands and lymphoid follicles. 

Structure of the tongue—The tongue is partly invested by mucous membrane 
and a submucous fibrous layer. It consists of symmetrical halves, separated 
from each other, in the middle line, by a fibrous septum. Each half is composed 
of muscular fibres arranged in various directions (page 454), containing much 
interposed fat, and supplied by vessels and nerves. 

The mucous membrane invests the entire extent of the free surface of the 
tongue. On the dorsum it is thicker behind than in front, and is continuous 
with the sheaths of the muscles attached to it, through the submucous fibrous 
layer. On the under surface of the organ, where it is thin and smooth, it can be 
traced on each side of the frenum, through the ducts of the submaxillary and 
the sublingual glands. As it passes over the borders of the organ, it gradually 
assumes its papillary character. 

The structure of the mucous membrane of the tongue differs in different 
parts. That covering the under surface of the organ is thin, smooth, and 
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identical in structure with that lining the rest of the oral cavity. The mucous 
membrane covering the tongue behind the foramen cæcum and sulcus terminalis 
is thick and freely movable over the subjacent parts. It contains a large 
number of lymphoid follicles, which together constitute what is sometimes 
termed the lingual tonsil. Bach follicle forms a rounded eminence, the centre 
of which is perforated by a minute orifice leading into a funnel-shaped cavity 
or recess ; around this recess are grouped numerous oval or rounded nodules 
of lymphoid tissue, each enveloped by a capsule derived from the submucosa, 
while opening into the bottom of the recesses are also seen the ducts of mucous 
glands. The mucous membrane on the anterior part of the dorsum of the 
tongue is thin and intimately adherent to the muscular tissuc, and covered with 


Fie. 642.—Upper surface of the tongue. 


Pharyne Uvula 







Posterior pilar 
of fauces 

i 
yy Tonsil 


H 


f, 
Y 
f _Epiglottis 
M 


T 


<= 
—" 


Anterior pillar 


of fauces 


— 


= 


- 
= 
> 

r LE Oe 


AY ih A 


Circumvallute 
papille 


Z 
a SEZ 


G Fungiform papille 


p 


i Pe a 


oa @ 


minute eminences, the papille of the tongue. It consists of a layer of connective 
tissue, the corium or mucosa, supporting numerous papille, and covered, as well 
as the papille, with epithelium. 

The epithelium is of the scaly variety, like that of the epidermis. It covers 
the free surface of the tongue, as may be demonstrated by maceration or boiling, 
when it can be easily detached entire: it is much thinner than on the skin: 
the intervals between the large papille are not filled up by it, but each papilla 
has a separate investment from root to summit. The deepest cells may some- 
times be detached as a separate layer, corresponding to the rete mucosum, but 
they never contain colouring matter. i 

The corium consists of a dense felt-work of fibrous connective tissue, with 
numerous elastic fibres, firmly connected with the fibrous tissue forming the 
septa between the muscular bundles of the tongue. It contains the ramifications 
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of the numerous vessels and nerves from which the papille are supplied, large 

plexuses of lymphatic vessels, and the glands of the tongue. — 
The papille of the tongue.—These are papillary projections of the corium. 

They are thickly distributed over the anterior two-thirds of its upper surface, 


Fia. 643.—The three kinds of papille, magnified. 
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giving to it its characteristic roughness. The varieties of papillæ met with 
are the papilla maximæ (circumvallatæ), papillæ mediæ (fungiformes), papillæ 
minimæ (conice or filiformes), and papillæ simplices. 

The papille maxime (circumvallatæ) are of large-size, and vary from eight to 
twelve in number. They are situated on the dorsum of the tongue ss 
in front of the foramen cecum and sulcus terminalis, forming a row on eac 
side; the two rows run backwards and inwards, and meet in the middle line, 
like the limbs of the letter V inverted. Each papilla consists of a projection 
of mucous membrane from zb to 7 of an inch wide, attached to the bottom 
of a circular depression of the mucous membrane; the papilla is shaped like 

a truncated cone; the smaller end being 
Fie. 644.—Circumvallate papille of directed downwards and attached to the 
tongue of rabbit, showing position tongue, the broader part or base pro- 
of taste-buds. (Stöhr.) jecting a little above the surface of the 
tongue and being studded with numerous 
small secondary papillz and covered by 
stratified squamous epithelium. The 
cup-shaped depression forms a kind of 
fossa round the papilla, and the mucous 
membrane outside the fossa forms a cir- 
cular elevation, named the wall (vallum). 
Immediately behind the apex of the V 
is the foramen cæcum, mentioned above. 
This, according to His, represents the 
remains of the invagination which forms 
the median rudiment of the thyroid 
body, and for a time opens by a duct, 
the thyro-glossal duct, on to the dorsum 
of the tongue. It may extend down- 
wards towards the hyoid bone, beyond 
which the lower part of the duct is re- 
presented by the pyramid of the thyroid 
a. Duct of gland, d. Serous gland. g. Taste-buds. bo dy. Kanthack, however, dispute this 
A r hs and ‘2 oat septa, of papille. view.* l 
ao Se RONNE: The papille mediæ (fungiformes), 
more numerous than the preceding, are 
scattered irregularly and sparingly over the dorsum of the tongue; but are 
found chiefly at its sides and apex. They are easily recognised, among the 
other papillæ, by their large size, rounded eminences, and deep red colour. 


* Journal of Anat. and Physiol. 1891. 


Artery Vein 
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They are narrow at their attachment to the tongue, but broad and rounded at 
their free extremities, and covered with secondary papille. 

The papille minime (conice or filiformes) cover the anterior two-thirds of 
the dorsum of the tongue. They are very minute, more or less conical or 
filiform in shape, and arranged in lines corresponding in direction with the 
two rows of the papille circumvallate; excepting at the apex of the organ, 
where their direction is transverse. Projecting from their apices are numerous 
filiform processes, or secondary papillae ; these are of a whitish tint, owing to 
the thickness and density of the epithelium of which they are composed, and 
which has here undergone a peculiar modification, the cells having become 
cornified and elongated into dense, imbricated, brush-like processes. They 
contain also a number of elastic fibres, which render them firmer and more 
elastic than the papille of mucous membrane generally. | 

Simple papillæ, similar to those of the skin, cover the whole of the mucous 
membrane of the tongue, as well as the larger papillæ. They consist of closely 
set, microscopic elevations of the corium, containing a papillary loop, covered by 
a layer of epithelium. | 

Structure of the papillæ.—The papillæ apparently resemble in structure those 
of the cutis, consisting of a cone-shaped projection of connective tissue, covered 
with a thick layer of squamous epithelium, and contain one or more capillary 
loops, among which nerves are distributed in great abundance. If the epithelium 
is removed, it will be found that they are not simple elevations like the papillee 
of the skin, for the surface of each is studded with minute conical processes of 
the mucous membrane, which form secondary papillæ (Todd and Bowman). In 
the papille circumvallate, the nerves are numerous and of large size; in the 
papille fungiformes, they are also numerous, and terminate in a plexiform 
network, from which brush-like branches proceed; in the papille filiformes, 
their mode of termination is uncertain. 

Taste-buds.—This name is applied to certain flask-shaped groups of modified 
epithelial cells which are found on the tongue and adjacent parts. They occupy 
nests in the stratified epithelium, and are present 
in large numbers on the sides of the circum- = f 
vallate papillse, and to a less extent on their ee 
opposed walls. They are also found on the 
fungiform papille over the back part and sides 
of the tongue, and in the general epithelial 
covering in the same areas. They are very 
plentiful over the fimbriæ linguæ, and are also 
present on the under aspect of the soft palate, 
and on the posterior surface of the epiglottis. 
They are flask-like in shape, their broad base 
resting on the corium, and their neck opening 
by an orifice, the gustatory pore, between the 
cells of the epithelium. They are formed by two 
kinds of cells: supporting cells and gustatory 
cells. The supporting cells are mostly arranged — Supporting cell. b. Gustatory cell 
like the staves of a cask, and form an outer en- 
velope for the bud. Some, however, are found in the interior of the bud between 
the gustatory cells. The gustatory cells occupy the central portion of the bud ; 
they are spindle-shaped, and each possesses a large spherical nucleus near the 
middle of the cell. The peripheral end of the cell terminates at the gustatory 
pore in a fine hair-like filament, the gustatory hair. The central process passes 
towards the deep extremity of the bud, and there ends in a single or bifurcated 
varicose filament, which was formerly supposed to be continuous with the 
terminal fibril of a nerve; the investigations of Lenhossék and others would 
seem to prove, however, that this is not so, but that the nerve-fibrils after 
losing their medullary sheaths enter the taste-bud, and terminate in fine 
extremities between the gustatory cells. Other nerve-fibrils may be seen 
ramifying between the supporting cells and terminating in fine extremities ; 
these, however, are believed to be nerves of ordinary sensation and not 


gustatory. l l l 
Glands of the tongue.—The tongue is provided with mucous and serous 


lands. 
g WP 
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The mucous glands are similar in structure to the labial and buccal glands. 
They are found especially at the back part behind the circumvallate papille, but 
are also present at the apex and or ja parts. In this connection the glands 
of Blandin or Nuhn require special notice. They are situated on the under 
surface of the apex of the tongue, one on either side of the franum, where they 
are covered by æ fasciculus of muscular fibres derived from the Stylo-glossus 
and Inferior lingualis. They are from half an inch to nearly an inch long, 
and about the third of an inch broad, and each opens by three or four ducts 
on the under surface of the apex. 

The serous glands occur only at the back of the tongue in the neighbourhood 
of the taste-buds, their ducts opening for the most part into the fosse of the 
circumvallate papilla. These glands are racemose, the duct branching into 
several minute ducts, which terminate in alveoli, lined by a single layer of more 


Fie. 646.—Under surface of tongue, showing position and relations of gland of Blandin 
or Nuhn. (From a preparation in the Museum of the Royal College of Surgeons of 
England.) 
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or less columnar epithelium. Their secretion is of a watery nature, and probabl 
(heer T the distribution of the substance to be stet over the ae H 
The fibrous septum consists of a vertical layer of fibrous tissue, extending 
throughout the entire length of the middle line of the tongue, from the base 
to the apex, though not-quite reaching the dorsum. It is thicker behind than 
in front, and occasionally contains a small fibro-cartilage, about a quarter of 
— in length. It is well displayed by making a vertical section across the 
The hyo-glossal membrane is a strong fibrous lamina which connect 
under surface of the base of the tongue A the body of the hyoid isor “This 
membrane receives, in front, some of the fibres of the Genio-hyo-glossi muscles. 
Vessels of the tongue.—The main artery of the tongue is the lingual branch 
of the external carotid,, but the facial and ascending pharyngeal also give 
branches to it. The veins open into the internal jugular. 
Pi tg —_ ae musoulap fibres of the tongue run in various 
. San oO" ti 
wile Kak oni. WU cline nee ——— sets, Extrinsic and Intrinsic, 
ine lymphatics of the tongue have also been described on page 751. 
e nerves of the tongue are: (1) the lingual branch of the third division of 
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the fifth, which is distributed to the papillæ at the fore part and sides of the 
tongue, and forms the nerve of ordinary sensibility for its anterior two-thirds ; 
(2) the chorda tympani branch of the facial nerve, which runs in the sheath of 
the lingual, is generally regarded as the nerve of taste for the anterior two- 
thirds : this nerve is a continuation of the sensory root of the facial (pars inter- 
media of Wrisberg) ; (3) the lingual branch of the glosso-pharyngeal, which is 
distributed to the mucous membrane at the base and sides of the tongue, and to 
the papillæ circumvallatæ, and which supplies both sensory and gustatory 
filaments to this region ; (4) the hypoglossal nerve, which is the motor nerve 
to the muscular substance of the tongue; (5) the superior laryngeal, which 
sends some fine branches to the root near the epiglottis. Sympathetic filaments 
also pass to the tongue from the nervi molles on the lingual and other arteries 


supplying it. 


Surgical Anatomy.—The diseases to which the tongue is liable are numerous, and its 
surgical anatomy of importance, since any or all of the structures of which it is composed — 
muscles, connective tissue, mucous membrane, glands, vessels, nerves, and lymphatics— 
may be the seat of morbid changes. Itis not offen the seat of congenital defects, though 
a few cases of vertical cleft have been recorded, and it is occasionally, though much more 
rarely than is commonly supposed, the seat of ‘tongue tie,’ from shortness of the frenum 
(see page 613). 

There is, however, one not uncommon condition, which must be regarded as congenital, 
though sometimes it does not evidence itself until a year or two after birth. This is an 
enlargement of the tongue which is due primarily to a dilatation of the lymph-channels 
and a greatly increased development of the lymphatic tissue throughout the organ. This 
is often aggravated by inflammatory changes induced by injury or exposure, and the 
tongue may assume enormous dimensions and hang out of the mouth, giving the child an 
imbecile expression. The treatment consists in excising a V-shaped portion and bring- 
ing the cut surfaces together with deeply placed silver sutures. Compression has been 
resorted to in some cases and with success, but it is difficult to apply. 

Acute inflammation of the tongue, which may be caused by injury and the introduc- 
tion of some septic or irritating matter, is attended by great swelling from infiltration 
of its connective tissue, which is in considerable quantity. This renders the patient 
incapable of swallowing or speaking, and may seriously impede respiration. It may run 
on to suppuration, and the formation of an acute abscess. Chronic abscess, which has 
been mistaken for cancer, may also occur in the substance of the tongue. 

The mucous membrane of the tongue may become chronically inflamed, and presents 
different appearances in the various stages of the disease, to which the terms leucoplakia, 
psoriasis, and ichthyosis have been given. 

The tongue, being very vascular, is often the seat of nævoid growths, and these have 
a tendency to increase rapidly. 

The tonguc is frequently the seat of ulceration, which may arise from many causes, as 
from the irritation of jagged teeth, dyspepsia, tuberculosis, syphilis, and cancer. Of these 
the cancerous ulcer is the most important and probably also the most common. The 
variety is the squamous epithelioma, which soon develops into an ulcer with an indurated 
base. It produces great pain, which speedily extends to all parts supplied with sensation 
by the fifth nerve, especially to the region of the ear. The pain in these cases is con- 
ducted to the ear and temporal region by the lingual nerve, and from it to the other 
branches of the inferior maxillary nerve, especially the auriculo-temporal. Possibly pain 
in the ear itself may be due to implication of the fibres of the glosso-pharyngeal nerve, 
which by its tympanic branch is conducted to the tympanic plexus. 

Cancer of the tongue may necessitate removal of @ part or the whole of the organ, 
and many different methods have been adopted for its excision. It may be removed 
from the mouth by the éeraseur or the scissors. Probably the better method is by the 
scissors, usually known as Whitehead’s method. The mouth is widely opened with a gag; 
the tongue transfixed with a stout silk ligature, by which to hold and make traction on it, 
and the reflection of mucous membrane from the tongue to the jaw, and the insertion 
of the Genio-hyo-glossus first divided with a pair of curved, blunt-pointed scissors. The 
Palato-glossus is also divided. The tongue can now be pulled well out of the mouth. 
The base of the tongue is cut through by a series of short snips, each bleeding vessel 
being dealt with as soon as divided, until the situation of the main artery is reached. 
‘The remaining undivided portion of tissue is to be seized with a pair of Wells’ 
forceps; the tongue removed, and the vessel secured. In the event of the artery being 
accidentally injured, hemorrhage can be at once controlled, by passing the forefinger over 
the tongue till it touches the epiglottis, and then turning it towards the side on which the 
artery is to be compressed, and pushing it forcibly against the jaw (Heath). In cases 
where the disease is confined to one side of the tongue, this operation may be modificd 
by splitting the tongue down the centre and removing only the affected half. 

In cases where the submaxillary glands are involved, Kocher’s operation should be 
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resorted to. Having performed a preliminary tracheotomy, Kocher removes the tongue 
from the neck by an incision from near the lobule of the ear, down the anterior border of 
the Sterno-mastoid to the level of the great cornu of the hyoid bone, then forwards to the 
body of the hyoid bone, and upwards to near the symphysis of the jaw. The lingual 
artery is now secured, and by a careful dissection the submaxillary lymphatic glands and 
the tongue removed. Regnoli advocated the removal of the tongue by a semilunar 
incision in the submaxillary triangle, along the line of the lower jaw, and a vertical 
incision from the centre of the semilunar one backwards to the hyoid bone. Care must 
be taken not to carry the first incision too far backwards, so as to wound the facial 
arteries, The tongue is thus reached through the floor of the mouth, pulled out through 
the external incision, and removed with the écraseur or knife. The great objection to 
this operation is that all the muscles which raise the hyoid bone and larynx are divided, 
and that therefore the movements of deglutition and respiration are interfered with. 

Finally, where both sides of the floor of the mouth are involved in the disease, or 
where very free access is required on account of the extension backwards of the disease 
to the pillars of the fauces and the tonsil, or where the lower jaw is involved, the opera- 
tion devised by Sedillot must be performed. This is done by an incision through the 
central line of the lip, across the chin, and down as far as the hyoid bone. The lower jaw 
is sawn through at the symphysis, and the two halves of the bone forcibly separated 
from each other. The mucous membrane is separated from the bone, and the Genio- 
hyo-glossi detached from the bone, and the Hyo-glossi divided. The tongue is then 
drawn forwards, and removed close to its attachment to the hyoid bone. Any glands 
which are enlarged can be removed, and if the bone is implicated in the disease, it can 
also be removed by freeing it from the soft parts externally and internally, and making 
a second section with the saw beyond the diseased part. 

Formerly many surgeons before removing the tongue performed a preliminary 
tracheotomy: (1) to prevent blood entering the air passages; and (2) to allow the patient 
to breathe through the tube and not inspire air which had passed over a sloughy wound, 
and which was loaded with septic organisms and likely to induce septic pneumonia. By 
the judicious use of iodoform, this secondary evil may be obviated, and the preliminary 
tracheotomy is now usually dispensed with. 


THE NOSE 


The nose is the peripheral organ of the sense of smell: by means of the 
peculiar properties of its nerves, it protects the lungs from the inhalation of 
ae Bro gases, and assists the organ of taste in dişeriminating the properties 
of food, 

The organ of smell consists of two parts: one external, the outer nose; the 
other internal, the nasal fossa. 

The outer nose (nasus externus) is the more anterior and prominent part of 
the organ of smell. Of a triangular form, it is directed downwards, and projects 
from the centre of the face, immediately above the upper lip. Its summit, or 
root, is connected directly with the forehead. Its inferior part, or base, presents 
two elliptical orifices, the nostrils or anterior nares, separated from each other 
by an antero-posterior septum, the columna. The margins of these orifices are 
provided with a number of stiff hairs, or vibrisse, which arrest the passage of 
foreign substances carried with the current of air intended for respiration. The 
lateral surfaces of the nose form, by their union in the middle line, the dorsum, 
the direction of which varies considerably in different individuals; the upper 
part of the dorsum is supported by the nasai bones, and is named the bridge. 
The lateral surface terminates below in a rounded eminence, the ala nasi. 

The nose is composed of a framework of bones and cartilages, the latter being 
slightly acted upon by certain muscles. It is covered by the integument, and 
lined by mucous membrane, and supplied with vessels and nerves. 

The bony framework occupies the upper part of the organ: it consists of 
the nasal bones, and the nasal processes of the superior maxillary. 

The cartilaginous framework consists of five pieces, the two upper and the 
two lower lateral cartilages, and the cartilage of the septum. 

The upper lateral cartilages are situated below the free margin of the nasal 
bones : each cartilage is flattened, and triangular in shape. Its anterior margin 
is thicker than the posterior, and is continuous above with the cartilage of the 
septum, but separated from it below by a narrow fissure. Its posterior margin 
is attached to the nasal bone and the nasal process of the superior maxilla. Its 
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inferior margin is connected by fibrous tissue with the lower lateral cartilage ; 

one surface is turned outwards, the other inwards towards the nasal cavity. P 
The lower lateral cartilages are two thin, flexible plates, situated immediately 

below the preceding, and bent upon themselves in such a manner as to form the 


Fic. 647.—Cartilages of the nose, Fa. 648.—Cartilages of the nose. 
seen from below. Side view. 





inner and outer walls of each orifice of the 
nostril. The portion which forms the inner 
wall (crus mediale), thicker than the rest, is 
loosely connected with the same part of the 
opposite cartilage, and forms a part of the 
columna. Its inferior border, free, rounded, 
and projecting, forms, with the thickened in- 
tegument and subjacent tissue, and the corre- 
sponding parts of the opposite side, the septum 
mobile nasi. The part which forms the outer wall (crus laterale) is curved 
to correspond with the ala of the nose; it is oval and flattened, narrow 
behind, where it is connected with the nasal process of the superior maxilla 
by a tough fibrous membrane, in which are found three or four small carti- 
laginous plates termed sesamoid cartilages or cartilagines minores. Above, it is 
connected by fibrous tissue to the upper lateral cartilage and front part of the 
cartilage of the septum; below, it 

falls short of the margin of the Fic. 649,—Bones and cartilages of septum of 
nostril, the ala being formed by nose. Right side. 

fatty and fibrous tissue covered by 
skin. In front, the lower lateral 
cartilages are separated by a notch 
which corresponds with the point 
of the nose. 

The cartilage of the septum is 
somewhat quadrilateral in form, 
thicker at its margins than at its 
centre,and completes the separation 
between the nasal fosse in front. 
Iis anterior margin, thickest above, 
is connected with the nasal bones, 
and is continuous with the anterior 
margins of the two upper lateral 
cartilages. Below, it is connected 
to the inner portions of the lower 
lateral cartilages by fibrous tissue. 
Its posterior margin is connected 
with the perpendicular lamella of the ethmoid; its inferior margin with the 
vomer and the palate processes of the superior maxillary bones. ~~ 

It may be prolonged backwards (especially in children) for some distance 
between the vomer and perpendicular plate of the ethmoid, forming what is 
termed the processus sphenoidalis. The septal cartilage does not reach as far as 
the lowest part of the nasal septum. This is formed by the inner portions of 
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the lower lateral cartilages and by the skin; it is freely movable, and hence is 
termed the septum mobile nasi. 

These various cartilages are connected to each other, and to the bones by a 
tough fibrous membrane, which allows the utmost facility of movement between 
them. 

The muscles of the nose have been described on page 435. l 

The integument covering the dorsum and sides of the nose is thin, and 
loosely connected with the subjacent parts ; but where it forms the tip and the 
alæ of the nose it is thicker and more firmly adherent, and is furnished with a 
large number of sebaceous follicles, the orifices of which are usually very 
distinct. 

The arteries of the outer nose are the lateralis nasi from the facial, and the 
inferior artery of the septum from the superior coronary, which supply the alæ 
and septum ; the sides and dorsum being supplied from the nasal branch of 
the ophthalmic and the infra-orbital. The veins terminate in the facial and 
ophthalmic. 

The nerves for the muscles of the nose are derived from the facial, while the 
skin receives its branches from the infra-orbital, infratrochlear, and nasal 
branches of the ophthalmic. 


Nasar FossæÆ 


The nasal fossæ are two irregular cavities situated in the middle of the face, 
and extending from before backwards. They open in front by the two anterior 
nares, and terminate, behind, by the posterior nares in the naso-pharynx. The 
anterior nares are somewhat pear-shaped apertures, each measuring about one 
inch antero-posteriorly and half an inch transversely at their widest part. The 
posterior nares, or choane, are two oval openings, which are smaller in the living 
or recent subject than in the skeleton, because they are narrowed by the mucous 
membrane. Each measures an inch in the vertical, and half an inch in the 
transverse direction in a well-developed adult skull. 

For the description of the bony boundaries of the nasal fossæ, see section on 
Osteology (page 242). 

Inside the aperture of the nostril is a slight dilatation, the vestibule, which is 
bounded externally by the ala and outer plate of the lower lateral cartilage, and 
internally by the mesial plate of the same cartilage. It is lined by skin, and 
contains hairs and sebaceous glands, and extends as a small pouch, the ventricle, 
towards the point of the nose. The fossa, above and behind the vestibule, 
is divided into two parts: an olfactory portion, consisting of the superior 
turbinated bone and the opposed part of the septum, and a respiratory portion, 
which comprises the rest of the fossa. 

Outer wall.—The sphenoidal air-sinus opens into the-spheno-ethmoidal recess, 
& narrow recess above the superior turbinated bone. The posterior ethmoidal 
cells open into the front and upper part of the superior meatus. On raising or 
cutting away the middle turbinated bone the outer wall of the middle meatus is 
fully exposed, and presents (1) a rounded elevation, termed the bulla ethmoidalis, 
opening on or immediately above which are the orifices of the middle ethmoidal 
cells; (2) a deep, narrow, curved groove, in front of the bulla ethmoidalis, 
termed the hiatus semilunaris, into which the anterior ethmoidal cells and the 
antrum of Highmore open, the orifice of the latter being placed near the roof 
of the antrum. The middle meatus is prolonged, above and in front, into the 
infundibulum, which leads into the frontal sinus. The anterior extremity of the 
meatus is continued into a depressed area, which lies above the vestibule and is 
named the atriwm. The nasal duct opens into the anterior part of the inferior 
meatus, the opening being overlapped sometimes by a fold of mucous membrane: 

The inner wall or septum is frequently more or less deflected from the mesial 
plane, thus limiting the size of one fossa and increasing that of the other. Ridges 
or spurs of bone growing outwards from the septum are also sometimes present. 
Immediately over the incisive foramen at the lower edge of the cartilage of the 
septum a depression, the naso-palatine recess, may be seen. In the septum close 
to this recess a minute orifice may be discerned: it leads backwards into a blind 
pouch, the rudimentary organ of Jacobson, which is supported by a strip of 
cartilage, the cartilage of Jacobson. This organ is well developed in many of the 
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lower animals, where it apparently plays a part in the sense of smell, since it is 
supplied by twigs of the olfactory nerve and lined by epithelium corresponding 
to that which lines the olfactory region of the nose. 

The mucous membrane lining the nasal fosse is called pituitary, from the 
nature of its secretions; or Schneiderian, from Schneider, the anatomist who 
first showed that the secretion procceded from the mucous membrane, and not 
as was formerly imagined, from the brain. It is intimately adherent to the 
periosteum or perichondrium, over which it lies. It is continuous with the skin 
through the anterior nares, and with the mucous membrane of the naso-pharynx 
through the posterior nares. From the nasal fosse its continuity with the con- 
Junctiva may be traced, through the nasal duct and lachrymal canals; with the 
lining membrane of the tympanum and mastoid cells, through the Bustachian 
tube ; and with the frontal, ethmoidal, and sphenoidal sinuses, and the antrum of 
Highmore, through the several openings in the meatuses. The mucous mem- 
brane is thickest, and most vascular, over the turbinated bones. It is also thick 


Fic. 650.-—-Transverse vertical section of the nasal fosse. (Henle.) 
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over the septum; but, in the intervals between the spongy bones, and on the 
floor of the nasal fossæ, it is very thin. Where it lines the various sinuses and 
the antrum of Highmore, it is thin and pale. 

Owing to the great thickness of this membrane, the nasal fossæ are much 
narrower, and the turbinated bones, especially the middle and inferior, appear 
larger and more prominent than in the skeleton. From the same circumstance, 
also, the various apertures communicating with the meatuses are considerably 
narrowed. 

The vestibule, as already stated, is lined by modified skin, and contains hairs 
or vibrissæ which guard the entrance of the nostril. 

Structure of the mucous menbrane.—The epithelium covering the mucous 
membrane differs in its character according to the functions of the part of the 
nose in which it is found. In the respiratory portion of the nasal cavity the 
epithelium is columnar and ciliated. Interspersed among the columnar ciliated 
cells are goblet or mucin cells, while between their bases are found smaller 
pyramidal cells. In this region, beneath the epithelium and its basement mem- 
brane, is a tibrous layer infiltrated with lymph-corpuscles, so as to form in many 
parts a diffuse adenoid tissue, and beneath this a nearly continuous layer of 
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smaller and larger glands, some mucous and some serous, the ducts of which open 
upon the surface. In the olfactory region the mucous membrane is yellowish in 
colour and the epithelial cells’ are columnar and non-ciliated; they are of two 
kinds, supporting cells and olfactory cells. The supporting cells contain oval 
nuclei, which are situated in the deeper parts of the cells and constitute the zone 
of oval nuclei; the outer part of the cell is columnar, and contains granules of 


Fig. 651.—Section of the olfactory mucous membrane. (Cadiat.) 
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yellow pigment, while its deeper portion is prolonged as a delicate process which 
ramifies and communicates with similar processes from neighbouring cells, 
so as to form a network in the deep part of the mucous membrane. Lying 
between these central processes of the supporting cells are a number of spindle- 
shaped cells, the olfactory cells, which consist of a large spherical nucleus 
surrounded by a small amount of granular protoplasm, and possessing two 

processes, one of which runs out- 

Fie. 652.—Nerves of septum of nose. wards between the columnar epi- 

Right side. thelial cells, and projects on the 
` surface of the mucous membrane as 
a fine, hair-like process, the olfactory 
hair ; the otber or deep poui runs 
ee owas Wak inwards, is frequently beaded, and 
If Z TY rarr Tr CANAAN is continuous with one of the termi- 
4 TAO TRE NAS nal filaments of the olfactory nerve. 
Beneath the epithelium, extending 
through the thickness of the mucous 
membrane, is a layer of tubular, 
often branched, glands, the glands 
of Bowman, identical in structure 
with serous glands. 

The arteries of the nasal foss@ 
are the anterior and posterior eth- 
moidal, from the ophthalmic, which 
supply the ethmoidal cells, frontal 
sinuses, and roof of the nose; the 
l l spheno-palatine, from the internal 
maxillary, which supplies the mucous membrane covering the spongy bones, 
the meatuses and septum ; the inferior artery of the septum, from the superior 
coronary of the facial; the infra-orbital and alveolar branches of the internal 
maxillary, which supply the lining membrane of the antrum; and the pterygo- 
palatine branch of the same artery, which supplies the sphenoidal sinus. The 


ramifications of these vessels form a close, plexiform network, beneath and in 
the substance of the mucous membrane. 
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The veins of the nasal fosse form a close cavernous-like network beneath the 
mucous membrane. This cavernous appearance is especially well marked over 
the lower part of the septum and over the middle and inferior turbinated bones. 
Some of the veins open into the spheno-palatine vein; others join the facial 
vein ; some accompany the ethmoidal arteries, and terminate in the ophthalmic 
vein; and, lastly, a few communicate with the veins in the interior of the skull, 
through the foramina in the cribriform plate of the ethmoid bone, and the 
foramen cecum. 

The lymphatics can be injected from the subdural and subarachnoid spaces, 
and form a plexus in the superficial portion of the mucous membrane. The 
lymph is drained partly into one or two glands which lie near the great cornu 
of the hyoid bone, and partly into a gland situated in front of the axis. 

The nerves of ordinary sensation are, the nasal branch of the ophthalmic, 
filaments from the anterior dental branch of the superior maxillary, the Vidian, 
the naso-palatine, the large or anterior palatine, and nasal branches of Meckel’s 
ganglion. 

The olfactory, the special nerve of the sense of smell, is distributed to the 
olfactory region, already referred to (page 852). 

The nasal branch of the ophthalmic distributes filaments to the fore part of 
the septum, and outer wall of the nasal fossæ. 

Filaments from the anterior dental branch of the superior maxillary supply 
the inferior meatus and inferior turbinated bone. 

The Vidian nerve supplies the upper and back part of the septum, and 
superior spongy bone; and the upper nasal branches from the spheno-palatine 
ganglion have a similar distribution. 

The naso-palatine nerve supplies the middle of the septum. 

The large, or anterior palatine nerve, supplies the lower nasal branches to the 
middle and lower spongy bones. 


Surgical Anatomy.—Instances of congenital deformity of the nose are occasionally 
met with, such as complete absence of the nose, an aperture only being present; or 
perfect development on one side, and suppression or malformation on the other; or there 
may be imperfect apposition of the nasal bones, so that the nose presents a median cleft 
or furrow. Deformities which have been acquired are much more common, such as 
flattening of the nose, the result of syphilitic necrosis; or imperfect development of the 
nasal bones in cases of congenital syphilis; or a lateral deviation of the nose may result 
from fracture. 

The skin over the ale and tip of the nose is thick and closely adherent to subjacent 
parts. Inflammation of this part is therefore very painful, on account of the tension. It 
is largely supplied with blood, and, the circulation here being terminal, vascular engorge- 
ment is liable to occur, especially in women at the menopause, and in both sexes from 
disorders of digestion, exposure to cold, &e. The skin of the nose also contains a large 
number of sebaceous follicles, and these, as the result of intemperance, are apt to become 
affected and the. nose- reddened, congested, and irregularly swollen. To this the term 
‘ grog-blossom ’ is popularly applied. In some of these cases there is enormous hyper- 
trophy of the skin and subcutaneous tissues, producing pendulous masses, termed lipomata 
nasi. Epithelioma and rodent ulcer may attack the nose, the latter being the more 
common of the two. Lupus and syphilitic ulceration frequently attack the nose, and may 
destroy the whole of the cartilaginous portion. In fact, lupus vulgaris begins more 
frequently on the ala of the nose than in any other situation. 

Cases of congenital occlusion of one or both nostrils, or adhesion between the ala and 
septum, may occur and may require immediate operation, since the obstruction much 
interferes with sucking. Bony closure of the posterior nares may also occur. 

To examine the nasal cavities, the head should be thrown back and the nose drawn 
upwards, the parts being dilated by some form of speculum. It can also be examined 
with the little finger or a probe, and in this way foreign bodies detected. A still more 
extensive examination can be made by Rouge’s operation, which was introduced for the 
cure of ozæna, by the removal of any dead bone which may be present in this disease, 
The whole framework of the nose is lifted up by an incision made inside the mouth, 
through the junction of the upper lip with the bone; the septum nasi and the lateral 
cartilages are divided with strong scissors till the anterior nares are completely exposed. 
The posterior nares can be explored by reflected light from the mouth, through which 
they can be illuminated. The examination is very difficult to carry out, and, as a 
rule, sufficient information regarding the presence of foreign bodies or tumours In the 
naso-pharynx can be obtained by the introduction of the finger behind the soft palate 
through the mouth. The septum of the nose may be displaced or may deviate from the 
middle line: this may be the result of an injury or of some congenital defect in its 
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development ; in the latter case the deviation usually occurs along the line of union of 
the vomer and mesethmoid and rarely occurs before the seventh year. Sometimes the 
deviation may be so great that the septum may come into contact with the outer wall of 
the nasal fossæ, and may even become adherent toit, thus producing complete obstruction. 
Perforation of the septum is not an uncommon affection, and may arise from several 
causes: syphilitic or tuberculous ulceration, blood tumour or abscess of the septum, and 
especially in workmen exposed to the vapour of bichromate of potash, from the irritating 
and corrosive action of the fumes. When small, the perforation may cause a peculiar 
whistling sound during respiration. When large, it may lead to the falling in of the 
bridge of the nose. 

Epistaxis is a very common affection in children. It is rarely of much consequence, 
and will almost always subside ; but in the more violent hemorrhages of later life it may 
be necessary to plug the posterior nares. In performing this operation it is desirable 
to remember the size of the posterior nares. A ready method of regulating the bulk of 
the plug to fit the opening is to make it of the same size as the terminal phalanx of the 
thumb of the patient to be operated on. | l 

Nasal polypus is a very common disease, and presents itself in three forms: the 
gelatinous, the fibrous, and the malignant. The first is by far the most common. It 
grows from the mucous membrane of the outer wall of the nasal fossa, where there is 
an abundant layer of highly vascular submucous tissue; rarely from the septum, where 
the mucous membrane is closely adherent to the cartilage and bone, without the inter- 
vention of much, if any, submucous tissue. Their most common seat is probably the 
middle turbinated bone. The fibrous polypus generally grows from the base of the skull 
behind the posterior nares, or from the roof of the nasal fosse. The malignant polypi, 
both sarcomatous or carcinomatous, may arise in the nasal cavities and the naso- 
pharynx; or they may originate in the antrum, and protrude through its inner wall into 
the nasal fossa. | 

Rhinoliths, or nose-stones, may sometimes be found in the nasal cavities, from the 
formation of phosphate of lime, either upon a foreign body or a piece of inspissated 
secretion. 


THE EYE 


The eyeball is contained in the cavity of the orbit. In this situation it is 
securely protected from injury, while its position is such as to ensure the most 
extensive range of sight. It 1s acted upon by numerous muscles, by which it is 
capable of being directed to different parts ; it is supplied by vessels and nerves, 
and is additionally protected in front by several appendages, such as the 
eyebrow, eyelids, &e. 

The eyeball is embedded in the fat of the orbit, but is surrounded by a thin 
membranous sac, the capsule of Tenon, which isolates it, so as to allow of free 
movement, 

The capsule of Tenon consists of a thin membrane which envelops the 
eyeball from the optic nerve to the ciliary region, separating it from the orbital 
fat and forming a socket in which it plays. Its inner surface is smooth, and is 
in contact with the outer surface of the sclerotic, the perisclerotic lymph-space 
only intervening. This lymph-space is continuous with the subdural and sub- 
arachnoid spaces, and is traversed by delicate bands of connective tissue which 
extend between the capsule and the sclerotic. The capsule is perforated behind 
by the ciliary vessels and nerves and by the optic nerve, being continuous with 
the sheath of the latter. In front it blends with the ocular conjunctiva, and 
with it is attached to the ciliary region of the eyeball. It is perforated by the 
muscles which move the eyeball, and on each it sends a tubular sheath. ` The 
sheath of the Superior oblique is carried as far as the fibrous pulley of that 
muscle ; that on the Inferior oblique reaches as far as the floor of the orbit, to 
which it gives off a slip. The sheaths on the Recti are gradually lost in the 
perimysium, but they give off important expansions. The expansion from the 
Superior rectus blends with the tendon of the Levator palpebræ; that of the 
Inferior rectus is attached to the inferior tarsal plate. These two Recti, therefore, 
will exercise some influence on the movements of. the eyelids. The expansions 
from the sheaths of the Internal and External recti are strong, especially the 
one from the latter muscle, and are attached to the lachrymal and malar bones 
respectively. As they probably check the action of these two Recti they have 
been named the internal and external check ligaments. 

Lockwood has also described a thickening of the lower part of the capsule 
of Tenon, which he has named the suspensory ligament of the eye. It is slung 
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like a hammock below the eyeball, being expanded in the centre and narrow 
at its extremities, which are attached to the malar and lachrymal bones 
respectively.* 

The eyeball is composed of segments of two spheres of different sizes. The 
anterior segment is one of a small sphere ; it is transparent, and forms about 
one-sixth of the eyeball. It is more prominent than the posterior segment, 
which is one of a much larger sphere, and is opaque, and forms about five-sixths 
of the globe. The term anterior pole is applied to the central point of the 
anterior curvature of the eyeball, and that of posterior pole to the central point 
of its posterior curvature ; a line joining the two poles forms its sagittal avis. 
The axes of the eyeballs are nearly parallel, and therefore do not correspond to 
the axes of the orbits, which are directed outwards. The optic nerves follow 
the direction of the axes of the orbits, and are therefore not parallel; each 
enters its eyeball about 1 mm. below and 3 mm. to the inner or nasal side of the 
posterior pole. The eyeball measures rather more in its transverse and antero- 
posterior diameters than in its vertical diameter, the former amounting to about 
24 mm., the latter to about 23°55 mm.; in the female all three diameters are 
rather less than in the male. At birth the eyeball has a diameter of about 
17°5 mm., while afi puberty it measures from 20 to 21 mm. 

a eyeball is composed of three investing tanics and of three refracting 
media. 


TUNICS oF THE BYR 
From without inwards the three tunics are: 


I. Sclerotic and Cornea. 
II. Choroid, Ciliary Body, and Iris. 
III. Retina. 


I. THe SCLEROTIO AND CORNEA 


The sclerotic and cornea (fig. 653) form the external tunic of the eyeball; 
they are essentially fibrous in structure, the sclerotic being opaque, and forming 
the posterior five-sixths of the globe; the cornea, which forms the remaining 
sixth, being transparent. 

The Selerotic (oxAypes, hard) has received its name from its extreme density 
and hardness; it is a firm, unyielding, fibrous membrane, serving to maintain 
the form of the globe. It is much thicker behind than in front. Its external 
surface is of a white colour, and is in contact with the inner surface of the capsule 
of Tenon ; it is quite smooth, except at the points where the Recti and Obliqui 
muscles are inserted into it, and its anterior part is covered by the conjunctival 
membrane: hence the whiteness and brilliancy of the front of the eyeball. Its 
inner surface is stained of a brown colour and marked by grooves, in which are 
lodged the ciliary nerves and vessels; it is loosely connected by an exceedingly 
fine cellular tissue (lamina fusca) with the outer surface of the choroid, an exten- 
sive lymph-space (perichoroidal) intervening between the sclerotic and choroid. 
Behind, it is pierced hy the optic nerve, and is continuous with its fibrous sheath, 
which is derived from the dura mater. At the point where the optic nerve passes 
through the sclerotic, this tunic forms a thin ecribriform lamina, the lamina 
cribrosa ; the minute orifices in this lamina serve for the transmission of the 
nervous filaments, and the fibrous septa dividing them from one another are — 
continuous with the membranous processes which separate the bundles of nerve- 
fibres. One of these openings, larger than the rest, occupies the centre of the 
lamella ; it transmits the central artery of the retina to the interior of the eyeball. 
Around the ecribriform lamella ure numerous small apertures for the transmission 
of the ciliary vessels and nerves, and about midway between the margin of the 
cornea and the entrance of the optic nerve are four or five large apertures, for 
the transmission of veins (vene vorticose). In front, the fibrous tissue of the 
sclerotic is directly continuous with that of the cornea, but the opaque sclerotic 
slightly overlaps the outer surface of the transparent cornea. 


* See a paper by ©. B. Lockwood, Journal of Anatomy and Physiology, vol. xx. 
part i. p. I. 


956 ORGANS OF SPECIAL SENSE 


Structure——The sclerotic is formed of white fibrous tissue intermixed with 
fine elastic fibres, and of flattened connective-tissue corpuscles, some of which 
are pigmented, contained in cell-spaces between the fibres. These fibres are 
aggregated into bundles, which are arranged chiefly in a longitudinal direction. 
It yields gelatin on boiling. Its vessels are not numerous, the capillaries being 
of small size, uniting at long and wide intervals. Its nerves are derived from 
the ciliary nerves, but their exact mode of ending is not known. 

The Cornea is the projecting transparent part of the external tunic of the 
eyeball, and forms the anterior sixth of the globe. It is almost circular in shape, 
occasionally a little broader in the transverse than in the vertical direction. It 
is convex anteriorly, and projects forwards from the sclerotic in the same 
manner that a watch-glass does from its case. Its degree of curvature varies 
in different individuals, and in the same individual at different periods of life; 
it is more prominent in youth than in advanced life, when it becomes flattened 


Fic. 653.—Horizontal section of the eyeball. 
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The cornea is dense and of uniform thickness throughout ; its posterior surface 
is perfectly circular in outline, and exceeds the anterior ‘surface slightly in 
extent, from the latter being overlapped by the sclerotic. 

Structure (fig. 654).—The cornea consists of four layers, namely: (1) a layer 
of stratified epithelium, continuous with that of the conjunctiva ; (2) a thick 
central fibrous structure, the substantia propria; (3) a homogeneous elastic 
lamina; and (4) a single layer of endothelial cells, forming part of the lining 
membrane of the anterior chamber of the eyeball. 

The conjunctival epithelium, which covers the front of the cornea proper, 
consists of several strata of epithelial cells. The cells of the deepest layer are 
columnar: then follow two or three layers of polyhedral cells, the majority of 
which present finger-like processes (i.e. prickle-cells) similar to those found in 
the cuticle. Lastly, there are three or four layers of scaly epithelium, with 
flattened nuclei. 

The substantia propria is fibrous, tough, unyielding ; perfectly transparent, 
and continuous with the sclerotic. It is composed of about sixty flattened 
lamellae, Superimposed one on another. These lamella are made up of bundles 
of modified connective tissue, the fibres of which are directly continuous with 
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the fibres of the sclerotic. The fibres of each lamella are for the most part 
parallel with each other; those of alternating lamelle at right angles to each 
other. Fibres, however, frequently pass from one lamella to the next. 

The lamelle are connected with each other by an interstitial cement-substance, 
in which are spaces, the corneal spaces. These are stellate in shape and have 
numerous Offsets, by which they communicate with each other. Each contains 
a cell, the corneal corpuscle, which resembles in form the space in which it is 
lodged ; it does not, however, entirely fill it. 


Fie. 654.—Vertical section of human cornea from near the margin. 
(Waldeyer.) Magnified. 
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1. Epithelium. 2. Anterior homogeneous lamina, 3. Substantia propria, 4. Posterior homogeneous (elastic) 
lamina. s. Endothelium of the anterior chamber. a. Oblique fibres in the anterior layer of the substantia propria. 
b. Lamellæ the fibres of which are cut across, producing a dotted appearance. c. Corneal corpuscles appearing 
fusiform in section, d. Lamellæ the fibres of which are cut longitudinally. e. Transition to the sclerotic, with 
more distinct fibrillation, and surmounted by a thicker epithelium. f. Small blood-vessels cut across near the margin 


of the cornea, 


Immediately beneath the conjunctival epithelium, the cornea proper presents 
certain characteristics which have led some anatomists to regard it as a distinct 
membrane, and it has been named by Bowman the anterior elastic lamina. It 
differs, however, from the posterior elastic lamina or membrane of Descemet 
in many essential particulars, presenting evidence of fibrillar structure, and not 
having the same tendency to curl inwards, or to undergo fracture, when detached 
from the other layers of the cornea. It consists of extremely closely interwoven 
fibrils, similar to those found in the rest of the cornea proper, but contains no 
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corneal corpuscles. It may be regarded as a part of the proper tissue of the 
nea.* : 

Ea The posterior elastic lamina (membrane of Descemet or Demours), which Covers 
the posterior surface of the substantia propria, pannis no structure recognisable 
under the microscope. It consists of an e astic, and perfectly transparent 
homogeneous membrane, of extreme thinness, which is not rendered opaque by 
either water, alcohol, or acids. It is very brittle, but its most remarkable 
property is its extreme elasticity, and the tendency which it presents to curl up, 
or roll upon itself, with the attached surface innermost, when separated from 
the proper substance of the cornea. Its use appears to be (as suggested by 
Jacob) ‘to preserve the requisite permanent correct curvature of the flaccid 
cornea proper.’ l : A 

At the margin of tho cornea this posterior elastic membrane breaks up into 
fibres to form a reticular structure at the outer angle of the anterior chamber, 
the intervals between the fibres forming small cavernous spaces, the spaces ‘of 
Fontana. These little recesses communicate with a circular canal in the 
substance of the sclerotic close to its junction with the cornea. This is the 
canal of Schlenum, or sinus venosus sclere; it communicates internally with the 
anterior chamber through the spaces of Fontana, and externally with the scleral 
veins. Some of the fibres of this reticulated structure are continued into the 
front of the iris, forming the ligamentum pectinatum iridis; while others are 
connected with the fore part of the sclerotic and choroid. 

The endothelial lining of the aqueous chamber covers the posterior surface 
of the elastic lamina, is reflected on to the front of the iris, and also lines 
the spaces of Fontana. It consists of a single layer of polygonal, fattened, 
nucleated cells, similar to those lining other serous cavities. 

Arteries and Nerves.—The cornea is a non-vascular structure, the capillary 
vessels terminating in loops at its circumference. Lymphatic vessels have not 
as yet been demonstrated in it, but are represented by the channels in which the 
bundles of nerves run ; these are lined by an endothelium, and are continuous 
with the cell-spaces. The nerves are numerous, twenty-four to thirty-six in 
number (Kölliker) ; forty to forty-five (Waldeyer and Siimisch): they are derived 
from the ciliary nerves. They form an annular plexus around the periphery of 
the cornea, from which fibres enter the substantia propria. They lose their 
medullary sheaths and ramify throughout its substance in a delicate network, 
and their terminal filaments form a firm and closer plexus on the surface of the 
cornea proper beneath the epithelium. This is termed the subepithelial plexus, 
and from it fibrils are given off which ramify between the epithelial cells, forming 
a network which is termed the intra-epithelial plexus. 


Dissection.—In order to separate the sclerotic and cornea, so as to expose the second 
tunic, the eyeball should be immersed in a small vessel of water, and held between the 
finger and thumb. The sclerotic is then carefully incised, in the equator of the globe, till 
the choroid is exposed. One blade of a pair of probe-pointed scissors is now introduced 
through the opening thus made, and the sclerotic divided around its entire circumference, 
and removed in separate portions. The front segment being then drawn forwards, the 
handle of the scalpel should be pressed gently against if at its connection with the 
periphery of the iris, and these being separated, a quantity of perfectly transparent fluid 
will escape; this is the aqueous humour. In the course of the dissection, the ciliary 
nerves may be scen lying in the loose cellular tissue between the choroid and sclerotic, or 
contained in delicate grooves on the inner surface of the latter membrane. 


Il. Tae Cuorow, Crary Bony, Anp IRIS 


The Second Tunic of the Eye (twnica vasculosa oculi) is formed from behind 
forwards by the choroid, the ciliary body, and the iris. 

The choroid is the vascular and pigmentary tunic of the eyeball, investing 
the posterior five-sixths of the globe, and extending as far forwards as the ora 
serrata of the retina; the ciliary body connects the choroid to the circumference 
of the iris. The iris is the circular diaphragm behind the cornea, and presents in 
its centre a large rounded aperture, the pupil. 


* This layer has been called by Reichert the ‘anterior limiting layer,’ a name which 
appears more applicable to it than that of ‘anterior elastic lamina,’ 
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The Choroid is a thin, highly vascular membrane, of a dark brown or choco- 
late colour, which invests the posterior five-sixths of the globe, and is pierced 
behind by the optic nerve, and in this gituation is firmly adherent to the sclerotic. 
It is thicker behind than in front. Externally, it is loosely connected by the 
lamina fusca with the inner sur- 
face of the sclerotic. Its inner Fig. 655.—The choroid and iris. (Enlarged.) 
surface is attached to the pig- | 
mented layer of the retina. 

Structure.—The choroid con- 
sists mainly of a dense capillary 
plexus and of small arteries and. 
veins, carrying the blood to and 
returning it from this plexus. 
On its external surface, i.e. the 
surface next the sclerotic, is 
a thin membrane, the lamina 
suprachoroidea, composed of 
delicate non-vascular lamelle— 
each lamella consisting of m 
network of fine elastic fibres 
among which are branched pig- 
ment-cells. The spaces between 
the lamellæ are lined by endo- 
thelium, and open freely into 
the perichoroidal lymph-space, 
which, in its turn, communicates 
with the perisclerotic space by 
the perforations in the sclerotic 
through which the vessels and 
nerves are transmitted. 

Internal to this lamina is the 
choroid proper, and in conse- 
quence of the small arteries and veins being arranged on the outer surface of the 
capillary network, it is customary to describe this as consisting of two layers : the 
outermost, composed of small arteries and veins, with pigment-cells interspersed 
between them; and the inner, consisting of a capillary plexus. The external 
layer or lamina vasculosa con- 
sists, in part, of the larger Fre. 656.—The veins of the choroid. (Enlarged.) 
branches of the short ciliary 
arteries which run forwards 
between the veins, before they 
bend inwards to terminate in 
the capillaries; but is formed 
principally of veins, which are 
named, from their arrangement, 
vene vorticos@. They converge 
to four or five equidistant trunks, 
which pierce the sclerotic mid- 
way between the margin of the 
cornea and the entrance of the 
optic nerve. Interspersed be- 
tween the vessels are dark 
star-shaped pigment-cells, the 
offsets from which, communica- 
ting with similar branchings 
from neighbouring cells, form 
a delicate network or stroma, 
which, towards the inner surface 
of the choroid, loses its pigmentary character. The internal layer.consists of an 
exceedingly fine capillary plexus, formed by the short ciliary vessels, and is known 
as the lamina chorio-capillaris or tunica Rwyschiana. The network is close, and 
finer at the hinder part of the choroid than in front. About half an inch behind 
the cornea its meshes become larger, and are continuous with those of the 
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ciliary processes. These two laminæ are connected by an intermediate stratum, 
which is destitute of pigment-cells and consists of fine elastic fibres. On the 
inner surface of the lamina chorio-capillaris is a very thin, structureless, or, 
according to Kölliker, faintly fibrous membrane, called the lamina basalis or 
membrane of Bruch; it is closely connected with the stroma of the choroid, and 
separates it from the pigmentary layer of the retina. ; 
Tapetwm.—This name is applied to the iridescent appearance which is seen 
in the outer and posterior part of the choroid of many animals. 


The ciliary body should now be examined. It may be exposed, cither by detaching 
the iris from its connection with the Ciliary muscle, cr by making a transverse section of 
the globe, and examining it from behind. 


The ciliary body comprises the orbiculus ciliaris, the ciliary processes, and 
the Ciliary muscle. 

The orbiculus ciliaris is a zone of about one-sixth of an inch in width, directly 
continuous with the anterior part of the choroid ; it presents numerous ridges 
arranged in a radial manner. 

The ciliary processes are formed by the plaiting and folding inwards of the 
various layers of the choroid (i.e. the choroid proper and the lamina basalis) at 


Fie. 657.—The arteries of the choroid and iris. 
The sclerotic has been mostly removed. (Enlarged.) 
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its anterior margin, and are received between corresponding foldings of the sus- 
pensory ligament of the lens, thus establishing a connection between the choroid 
and inner tunic of the eye. They are arranged in a circle, and form a sort of 
plaited frill behind the iris, round the margin of the lens. They vary from 
sixty to eighty in number, lie side by side, and may be divided into large and 
small; the former are about one-tenth of an inch in length, and the latter, 
consisting of about one-third of the entire number, are situated in the Spaces 
between them, but without regular alternation. They are attached by their 
periphery to three or four of the ridges of the orbiculus ciliaris, and are continuous 
with the layers of the choroid: their opposite extremities are free and rounded, 
and are directed towards the posterior chamber of the eyeball and circumference 
of the lens. _In front, they are continuous with the circumference of the iris. 
Their posterior surfaces are connected with the suspensory ligament of the lens. 

Structure.—The ciliary processes are similar in structure to the choroid, but 
the vessels are larger, and have chiefly a longitudinal direction. They are 
covered on their inner surface by two strata of black pigment-cells, which are 
continued forwards from the retina, and are named the pars cilaris retine. In 
the stroma of the ciliary processes there are also stellate pigment-cells, which 
however, are not so numerous as in the choroid itself. . 

The Ciliary muscle (Bowman) consists of unstriped fibres : it forms a greyish 
semitransparent, circular band, about one-eighth of an inch broad, on the outer 
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surface of the fore part of the choroid. It is thickest in front, and gradually 
becomes thinner behind. It consists of two sets of fibres, radial and circular. 
The former, much the more numerous, arise at the point of junction of the 
cornea and sclerotic, and partly also from the ligamentum pectinatum iridis, and, 
passing backwards, are attached to the ciliary processes and orbiculus ciliaris. 
One bundle, according to Waldeyer, is continued backwards to be inserted into 
the sclerotic. The circular fibres are internal to the radiating ones and to sore 
extent unconnected with them, and have `a circular course around the attachment 
of the iris. They are sometimes called the ‘ring muscle’ of Miller, and were 
formerly described as the ciliary ligament. They are well developed in hyper- 
metropic, but are rudimentary or absent in myopic eyes. The Ciliary muscle is 
admitted to be the chief agent in accommodation, i.e. in adjusting the eye to the 
vision of near objects. When it contracts, it draws forwards the ciliary processes, 


Fic. 658.—Section of the eye, showing the relations of the cornea, sclerotic, and iris, 


together with the Ciliary muscle and the spaces of Fontana near the angle of the 
anterior chamber. (Waldeyer.) 
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relaxes the suspensory ligament of the lens, and thus allows the anterior surface 
of the lens to become more convex. The pupil is at the same time slightly 
contracted. l 

The Iris (iris, a rainbow) has received its name from its various colours in 
different individuals. It is a thin, circular-shaped, contractile curtain, suspended 
in the aqueous humour behind the cornea, and in front of the lens, being per- 
forated a little to the nasal side of its centre by a circular aperture, the pupi, for 
the transmission of light. By its circumference it is continuous with the ciliary 
body, and is also connected with the posterior elastic lamina of the cornea by 
means of the pectinate ligament ; its inner or free edge forms the margin of the 
pupil ; its surfaces are flattened, and look forwards and backwards, the anterior 
towards the cornea, the posterior towards the ciliary processes and lens. The 
anterior surface of the iris is variously coloured in different individuals, and 
marked by lines which converge towards the pupil. The posterior surface is of 
a deep purple tint, from being covered by two layers of pigmented, columnar 
epithelium, which are continuous posteriorly with the pars ciliaris retinæ. This 
pigmented epithelium is termed the pars iridica reting, though it is sometimes 
named uvea, from its resemblance in colour to a ripe grape. r 

3 


y62 ORGANS OF SPECIAL SENSE 


Structure.—The iris is composed of the following structures : 

1. In front is a layer of flattened endothelial cells placed on a delicate hyaline 
basement-membrane. This layer is continuous with the epithelial layer covering 
the membrane of Descemet, and in men with dark-coloured irides the cells 
contain pigment-granules. 

2. Stroma.—The stroma consists of fibres and cells. The former are made 
up of delicate bundles of fibrous tissue, of which some few fibres have a circular 
direction at the circumference of the iris; but the chief mass consists of fibres 


Fic. 659.—Diagrammatic representation of the Fie. 660.—Vessels of the choroid, 


course of the vessels in the eye. Horizontal ciliary processes, and iris of a child. 
section. Leber.) Arteries and cavillaries (Arnold.) Magnified ro times. 
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ton at mace or oe u. Canal of Schtemin, v. Oupillary 3- The muscular fibre is invo- 
lantary, and consists of circular 
; i and radiating fibres. The circular 
fibres (sphincter pupillæ) surround the margin of the pupil on the posterior 
surface of the iris, like a sphincter, forming a narrow band about one-thirtieth 
of an inch in width; those near the free margin being closely aggregated ; 
those more external somewhat separated, and forming less complete circles. 
The radiating fibres (dilator pupillæ) converge from the circumference towards 
the centre, and blend with the circular fibres near the margin of the pupil. These 
fibres are regarded by some as elastic, not muscular. 
ii 4. Pwment.—The situation of the pigment-cells differs in different irides. In 
e various shades of blue eyes, the only pigment-cells are several layers of small 
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round or polyhedral cells, filled with dark pigment, situated on the posterior 
surface of the iris, and continuous with the pigmentary lining of the ciliary 
processes. The colour of the eye in these individuals is due to this colouring 
matter showing more or less through the texture of the iris. In the albino 
even this pigment is absent. In the grey, brown, and black eye there are, 
as mentioned above, pigment-granules to be found in the cells of the stroma 
and in the epithelial layer on the front of the iris; to these the dark colour of 
the eye is due. 

The arteries of the iris are derived from the long and anterior ciliary, and 
from the vessels of the ciliary processes (see page 632). The long ciliar arteries, 
two in number, having reached the attached margin of the iris, divide into an 
upper and lower branch, and encircling the iris, anastomose with corresponding 
branches from the opposite side; into this vascular zone (circulus major) the 
anterior ciliary pour their blood. From this zone vessels converge to the free 


Fre. 661.—The iris, viewed from in front, with its great and small arterial circles. 
(Testut.) 





a. Choroid. b. Ciliary muscle. c. Iris. d. Pupil. 1 and x’, The two long ciliary arteries, with 2, their ascending 
branch of bifurcation; 3, their descending branch of bifurcation. 4. The anterior ciliary arteries. g. Olreulus 
major; 6, its branches radiating through the iris, 7. Circulus minor around the pupil. 


margin of the iris, and these communicate by branches from one to another and. 
thus form a second zone (circulus minor) in this situation (figs. 659 and sta 
The nerves of the choroid and iris are derived from the ciliary branches of the 
lenticular ganglion, and the long ciliary from the nasal branch of the ophthalmic 
division of the fifth. They pierce the sclerotic around the entrance of the optic 
nerve, and run forwards in the perichoroidal space, and supply the blood-vessels 
of the choroid. After reaching the iris they form a plexus around its attached 
margin; from this are derived non-medullated fibres which terminate in the 
circular and radiating muscular fibres. Their exact mode of termination has 
not been ascertained. Other fibres from the plexus terminate in a network on 
the anterior surface of the iris. The fibres derived from the motor root of the 
lenticular ganglion (third nerve) supply the circular fibres, while those derived 
from the sympathetic supply the radiating fibres. __ a 
Membrana pupillaris.—In the foetus, the pupil is closed by a delicate trans- 
parent vascular membrane, the membrana pupillaris, which divides the space 
in which the iris is suspended into two distinct chambers. This membrane 
contains numerous minute vessels, continued from the margin of the iris to 
3 Q2 
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ls have a looped 
those on the front part of the capsule of the lens. These vessels 

arrangement, and ASER towards each other without anastomosing. Between 
the seventh and eighth month the membrane begins to disappear by its gradual 
absorption, from the centre towards the circumference, and at birth only a few 
fragments are present. It is said sometimes to romain permanent and produce 
blindness. 


JII. Taer RETINA 


The Retina is a delicate nervous membrane, upon the surface of which the 
images of external objects are received. Its outer surface Is in contact with 
the choroid; its inner with the vitreous body. Behind, it is continuous 
with the optic nerve; it gradually diminishes in thickness from behind 
forwards; and, in front, extends nearly as far as the ciliary body, where it 
appears to terminate in a jagged margin, the ora serrata. Here the nervous 
tissues of the retina end, but a thin prolongation of the membrane extends 
forwards over the back of the ciliary processes and iris, forming the pars ciliaris 
reting and pars iridica reting already referred to. This forward prolongation 
consists of the pigmentary layer of the retina together with a stratum of 
columnar epithelium. The retina is soft, semitransparent, and of a purple tint 
in the fresh state, owing to the presence of a colouring material named rhodopsin 
or visual purple; but it soon becomes clouded, opaque, and bleached when 
exposed to sunlight. Exactly in the centre of the posterior part of the retina, 
corresponding to the axis of the eye, and at a point in which the sense of vision 
is most perfect, 1s an oval yellowish spot, called, after its discoverer, the yellow 
spot or macula lutea of Sommerring; having a central depression, the fovea 
centralis. The retina in the situation of the fovea centralis is exceedingly thin, 
and the dark colour of the choroid is distinctly seen through it; so that it 
presents more the appearance of a foramen, and hence the name ‘foramen of 
Sommerring ’ at first given to it. It exists only in man, the quadrumana, and 
some saurian reptiles. About one-eighth of an inch (three millimetres) to the 
inner side, and about one millimetre below the level of the yellow spot, is the 
point of entrance of the optic nerve (porus opticus or optic disc), the circum- 
ference of which is slightly raised so as to form an eminence (colliculus nervi 
optici); the arteria centralis retine pierces its centre. This is the only part 
of the surface of the retina from which the power of vision is absent, and is 
termed the ‘blind spot.’ 

Structure—The retina is an exceedingly complex structure, and, when 
examined microscopically by means of sections made perpendicularly to its 
surface, is found to consist of ten layers, which are named from within outwards, 
as follows : 

. Membrana limitans interna. 

. Layer of nerve-fibres (stratum opticum). 

. Ganglionic layer, consisting of nerve-cells. 

. Inner molecular, or plexiform, layer. 

. Inner nuclear layer, or layer of inner granules. 
Outer molecular, or plexiform, layer. 

. Outer nuclear layer, or layer of outer granules. 
Membrana limitans externa. 

Jacob's membrane (layer of rods and cones). 

. Pigmentary layer (tapetum nigrum), 


rt 


1. The membrana limitans interna is the most internal layer of the retina, 
and is in contact with the hyaloid membrane of the vitreous body. Itis de- 
rived from the supporting framework of the retina, with which tissue it will be 
described. 

2. The layer of nerve-fibres is formed by the expansion of the optic nerve. 
This nerve passes through all the other layers of the retina, except the mem- 
brana limitans interna, to reach its destination. As the nerve passes through 
the lamina cribrosa of the sclerotic coat, the fibres of which it is composed lose 
their medullary sheaths and are continued onwards, through the choroid and 
retina, as simple axis cylinders. When these non-medullated fibres reach the 
internal surface of the retina they radiate from their point of entrance over the 
surface of the retina, grouped in bundles, and in many places, according to 
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Michel, arranged in plexuses. Most of the fibres in this layer are centripetal, 
and are the direct continuations of the axis-cylinder processes of the cells of the 
next = pet but a few of them (centrifugal fibres) pass through it and the next 
succeeding layer to ramify in the inner molecular and inner nuclear layers, 


Fie. 662.—The arteria centralis retine, yellow spot, &c., 
the anterior half of the eyeball being removed. (Enlarged.) 





Sclerotic 
Choroid 
Retina 


where they terminate in enlarged extremities (fig. 665, 1, m). The layer is 
thickest at the optic nerve entrance, and gradually diminishes in thickness 
towards the ora serrata. : 

3. The ganglionic layer consists of a single layer of large ganglion-cells, 
except in the macula lutea, where there are several strata. The cells are some- 


Fic. 663. Fie. 664. 
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j the human retina: Fig. 663, half an inch from the entrance of the optic nerve. Fig. 664, close 
Celie oe come of rods and cana ae ‘3 membrane, bounded underneath by the membrana limitans ema 
2. Outer nuclear layer. 3, Outer molecular layer. 4. Inner nuclear layer. 5. Inner molecular layer. 6. Ganglionic 
layer. 7. Layer of nerve-fibres. 8. Sustentacular fibres of Müller., 9. Their attachment to the membrana limitans 


interna. 


what flask-shaped ; their rounded internal surface resting on the preceding layer 
and sending off an axon which is prolonged as a nerve-fibre into the fibrous layer. 
From the opposite extremity numerous thicker processes (dendrites) extend into 
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the inner molecular layer, where they branch out into flattened arborisations 
at different levels (fig. 665, vir). The ganglion-cells vary much in size, and the 
dendrites of the smaller ones as a rule arborise in the inner molecular layer as 
soon as they enter it; while the processes of the larger cells ramify close to 
the inner nuclear layer. So 

4. The inner molecular layer is made up of a dense reticulum of minute fibrils, 
formed by the interlacement of the dendrites of the ganglion-cells with those of 
the cells of the inner nuclear layer, immediately to be described. Within the 
reticulum formed by these fibrils a few branched spongioblasts are sometimes 
embedded. 

5. The inner nuclear layer is made up of a number of closely packed cells, 
of which there are three different kinds. (1) A large number of oval cells, which 
are commonly regarded as bipolar nerve-cells, and are much more numerous 
than either of the other kind. They each consist of a large oval body placed 
vertically to the surface, and containing a distinct nucleus: they are surrounded 
by a small amount of protoplasm, which is prolonged into two processes ; one of 
these passes inwards into the inner molécular layer, is varicose in appearance, 
and ends in a terminal ramification, which is often in close proximity to the 
ganglion-cells (fig. 665, 1, c). The other process passes outwards, into the outer 
molecular layer, and there breaks up into a number of branches. According 
to Cajal there are two varieties of these bipolar cells: one in which the outer 
process arborises around the knobbed ends of the rod-fibres, and the inner around 
the cells of the ganglionic layer; these he calls rod-bipolars (fig. 665, 1, c d); 
the others are those in which the outer process breaks up in a horizontal 
ramification, in contact with the end of a cone-fibre; these are the cone-bipolars, 
and their inner process breaks up into its terminal ramifications in the inner 
molecular layer (fig. 665, 1, e). (2) At the innermost part of this inner nuclear 
layer is a stratum of cells, which are named by Cajal amacrine cells, from the 
fact that they have no axis-cylinder process, but they give a number of short 
protoplasmic processes, which extend into the inner molecular layer and there 
ramify (fig. 665, 1, A). There are also at the outermost part of this layer some 
cells, the processes of which extend into and ramify in the outer molecular 
layer. These are the horizontal ceils of Cajal. (3) Some few cells are also 
found in this layer, connected with the fibres ‘of Müller, and will be described 
with those structures. 

6. The outer molecular layer is much thinner than the inner molecular layer ; 
but, like it, consists of a dense network of minute fibrils, derived from the 
processes of the horizontal cells of the preceding layer and the outer processes 
of the bipolar cells, which ramify in it, forming arborisations around the ends of 
the rod-fibres and with the branched foot-plates of the cone-fibres. 


own res em AS! te 5 TET , 
cae ai te ae nis Se A ES YE NS OS TT AE NS OE OE Re Yo te a 


DNSCRIPTION OV FIGURE 66s. 


L. Section of the dog’s retina, A. Outer molecular layer. B. Loner molecniar layer. a. Cone-fibre. b. Rod-fibre 
and nucleus, e d. Ripolar cells (inner granules) with verticali ramification of outer processes destined to 
recelve the eularged ends of rod-tibres. e. Bipolars with flattened ramification for ends of cone-fibres. 
J. Giant bipolar with fattened ramification, g. Gell sending a neuron or nervefibre process to the outer 
mojecnlar layer, A. Amacrine cell with diffuse arborisation in inner molecular layer. 4. Nerve-fibrils passing 
to outer molocular layer. j. Centrifugal fibres passing from nerve-fibre layer to inner molecular layer. 
M, Nerve-fibril passing into inner moleoular lnyer, n. Ganglionic cells. 

11. Movizontal or tasai ells of the outer molecular layer of the dog’s retina. A. Small cell with dense arborisation, 
a Large cel, lying in diner nuolear layer but with its processes branching in the outer molecular. a. Its 

7 horizontal negron, G, Medium-sized cetl of the same churneter. 

HI. Cells | ay the retina of the ox. a, Rol-hi polars with verticatarborisations, 6 cde. Cone-bipolars with horizontal 
munifiention of outer process, A. Cells lying on the onier surface of the outer molecular layer, and ramitying 

iv Noe it, tj T oe ne cells within the substance of the inner molecular Inyer. 

EV. NCHTONS Of @xis-Cyunder processes beloning to horizontal cells of the outer molecata e aeu ' 
in a close ramification at a. l r layer, one of then, d, ending 

V. Nervous elements connceled with the juner molecular layer of the ox’s retina. A. Amacrine cell, with long 
Processes romilying in the outermost stratum, 3. Large amacrine with thick processes ramifying in second 
stratam. 1 (O i lattened amacrine with long and fine processes ramifying mainly in the first and fifth strata. 
D. Amaerine with radiating tuft of fibrils destined for third stratum, m, Large amacrine, with processes rami- 
fying in fifth stratum, I Small amacrine, branching iu second stratum. a H. Other amacrines destined for 
fourth stratum. a, Small ganglion-cell sending its processes to fourth stratum. b. A small ganglion-cell with 
E eS, strata, i $ small cell ramifying ultimately in first stratum, d. A medium-sized 
gangnon-eell rarmiying In fourth stratum. e. Giant-cell, branching in third stratum jè i 

_- ramifying in second and fourth strata. — £ matum, f. A bi-stratified cell 

ya Ave s and ganghion-cells from the dog. A, Amacrine with radiating tuft. n. Large amacrine passing to 
pee een c and G. Small amacrines with radiations in second stratum. F. Small amacrine passing to 
Smal iS ee an anne with diffuse arborisation. n. Amacrine belonging to fourth stratum. a d e g. 
at) Bebeion-ceus, ramilying in various strata. bf. Large gangliou-cells showing two differ 
yy, afrorisation. t. Bi-stratified cell. T E ig two different characters of 

I. Anu and ganglion-cells from the dog. A B C. Small amacrines ramifying in middle of molecular layer. 

but rh iter ee “one a: kinds of arborisation. f. A larger cell, similar in character to g, 
ge er branch. ace. Giunt-cells with thick brauches ramifying in the first. second. and third } 
UL, Ends of bipolars branching over ganglion-cells. vines i ’ s ayers. 
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7. The outer nuclear layer—Like the inner nuclear layer, this layer contains 
several strata of clear oval nuclear bodies ; they are of two kinds, and on account 
of their being respectively connected with the rods and cones of Jacob's mem- 
brane, are named rod-granules and cone-granules. The rod-granules are much 
the more numerous, and are placed at different levels throughout the layer. 
Their nuclei present a peculiar cross-striped appearance, and prolonged from 
either extremity of the granule is a fine process: the outer process is continuous 
with a single rod of Jacob’s membrane ; the inner passes inwards towards the 
outer molecular layer and terminates in an enlarged extremity, and is embedded 
in the tuft into which the outer process of the rod-bipolars break up. In its 
course it presents numerous varicosities. The cone-granules, fewer in number 
than the rod-granules, are placed close to the membrana limitans externa, 
through which they are continuous with the cones of Jacob's membrane. They 
do not present any cross-striping, but contain a pyriform nucleus, which almost 
completely fills the cell. From their inner extremity a thick process passes 
inwards to the outer molecular layer, where it expands into a pyramidal enlarge- 
ment or foot-plate, from which are given off numerous fine fibrils, which come in 
contact with the outer processes of the cone-bipolars. 

8. The membrana lumitans externa.—This layer, like the membrana limitans 
interna, is derived from the fibres of Miiller, with which structures it will be 
described. 

g. Jacob's membrane (layer of rods and cones).—The elements which compose 
this layer are of two kinds, rods and cones, the former being much more 
numerous than the latter. The rods are of nearly uniform size, and arranged 
perpendicularly to the surface. Each rod consists of two portions, an outer 
and inner, which are of about equal length. The segments differ from each 
other as regards refraction and in their behaviour with colouring reagents, the 
inner portion becoming stained by carmine, iodine, &c., the outer portion 
remaining unstained with these reagents, but staining yellowish-brown with 
osmic acid. The outer portion of each rod is marked by transverse stris, and 
tends to break up into a number of thin discs superimposed on one another. 
It also exhibits faint longitudinal markings. The inner portion of each rod, 
at its deeper part where it is joined to the outer process of the rod-granule, is 
indistinctly granular ; its more superficial part presents a longitudinal striation, 
being composed of fine, bright, highly refracting fibrils. The visual purple or 
rhodopsin is only found in the outer segments of the rods. 

The cones are conical or flask-shaped, their broad ends resting upon the 
membrana limitans externa, the narrow pointed extremity being turned to the 
choroid. Like the rods, they are made up of two portions, outer and inner ; 
the outer portion is a short conical process, which, like the outer segment of the 
rods, exhibits transverse striæ. The inner portion resembles the inner portion 
of the rods in structure, presenting a superficial striated and deeper granular 
part; but differs from it in size, being bulged out laterally and presenting 
a flask shape. The chemical and optical characters of the two portions are 
identical with those of the rods. 

10. Lhe pigmentary layer, or tapetum migrum.—The most external layer of 
the retina, formerly regarded as a part of the choroid, consists of a single 
layer of hexagonal epithelial cells, loaded with pigment-granules. They are 
smooth externally, where they are in contact with the choroid, but internally 
they are prolonged into fine, straight processes, which extend between the rods, 
this being especially the case when the eye is exposed to lighi. In the eyes 
of albinos, the cells of the pigmentary layer are present, but they contain no 
colouring matter. 

Supporting framework of the retina.—Almost all these layers of the retina 
are connected together by a supporting framework, formed by the fibres of 
Miiller, or radiating fibres, from which the membrana limitans interna et 
externa are derived. These fibres are found stretched between the two limit- 
ing layers, ‘as columns between a floor and a ceiling,’ and passing through 
all the nervous layers, except Jacob’s membrane. Hach commences on the 
inner surface of the retina by an expanded, often forked, base, which some- 
tipes contains a spheroidal body, staining deeply with hæmatoxylin, the edges 
O the bases of adjoining fibres being united and thus forming a boundary line, 
which is the membrana limitans interna. As they pass through the nerve-fibre 
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and ganglionic layers they give off few lateral branches; in the inner nuclear 
layer they give off numerous lateral processes for the support of the inner 
granules, while in the outer nuclear layer they form a network around the rod- 
and cone-fibrils, and unite to form the external limiting membrane at the bases 
of the rods and cones. In the inner nuclear layer each fibre of Müller presents 
a clear oval nucleus, which is sometimes situated at the side of, sometimes 
altogether within, the fibre. 

Macula lutea and fovea centralis—The structure of the retina at the yellow 
spot presents some modifications. In the macula lutea (1) the nerve-fibres are 
wanting as a continuous layer; (2) the ganglionic layer consists of several strata 
of cells, instead of a single layer; (3) in Jacob’s membrane there are no rods, 
but only cones, and these are longer and narrower than in other parts; and 


Fic. 666.—The layers of the retina (diagrammatic). (After Schultze.) 
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(4) in the outer nuclear layer there are only cone-fibres, which are very long 
and arranged in curved lines. At the fovea centralis the only parts which 
exist are (1) the cones of Jacob’s membrane; (2) the outer nuclear layer, the 
cone-fibres of which are almost horizontal in direction ; (3) an exceedingly 
thin inner molecular layer; (4) the pigmentary layer, which is thicker and its 
pigment more pronounced than elsewhere. The colour of the macula seems to 
imbue all the layers except Jacob's membrane ; it is of a rich yellow, deepest 
towards the centre, and does not appear to consist of pigment-cells, but simply 
a staining of the constituent parts. l 

At the ora serrata the nervous layers of the retina terminate abruptly, and 
the retina is continued onwards as a single layer of elongated columnar cells 
covered by the pigmentary layer. This prolongation is known as the pars 
ciliaris reting, and can be traced forwards from the ciliary processes on to the 
back of the iris, where it is termed the pars iridica retine or uvea. 
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From the description given of the nervous elements of the retina it will 
be seen that there is no direct continuity between the structures which form 
its different layers except between the ganglionic and nerve-fibre layers, the 
majority of the nerve-fibres being formed of the axons of the ganglionic cells. 
In the inner molecular layer the dendrites of the ganglionic layer interlace with 
those of the cells of the inner nuclear layer, while in the outer molecular layer 
a like synapsis occurs between the processes of the inner granules and the rod 
and cone elements. 

The arteria centralis reting and its accompanying vein pierce the optic nerve, 
and enter the globe of the eye through the porus opticus. The artery immediately 
bifurcates into an upper and a lower branch, and each of these again divides 
into an inner or nasal and an outer or temporal branch, which at first run 
between the hyaloid membrane and the nervous layer; but they soon enter the 
latter, and pass forwards, dividing dichotomously. From these branches a 
minute capillary plexus is given off, which does not extend beyond the inner 
nuclear layer. The macula receives small twigs from the temporal branchés 
and others directly from the central artery; these do not, however, reach as 
far as the fovea centralis, which has no blood-vessels. The branches of the 
arteria centralis retinæ do not anasiomose with each other—in other words, 
they are ‘terminal arteries.’ In the fœtus, a small vessel passes forwards, 
through the vitreous humour, to the posterior surface of the capsule of the lens. 


REFRACTING Mepa 
The Refracting media are three, viz. : 


: Aqueous humour. Vitreous body. Crystalline lens. 


I. Agurous Humour 


The aqueous humour completely fills the anterior and posterior chambers of 
the eyeball. It is small in quantity (scarcely exceeding, according to Petit, four 
or five grains in weight), has an alkaline reaction, in composition is little more 
than water, less than one-fiftieth of its weight being solid matter, chiefly chloride 
of sodium. 

The anterior chamber is the space bounded in front by the cornea; behind, 
by the front of the iris and the central part of the lens. The posterior chamber 
is a narrow chink between the peripheral part of the iris, the suspensory 
ligament of the lens, and the ciliary processes. 

In the adult, these two chambers communicate through the pupil; but in 
the fœtus of the seventh month, when the pupil is closed by the membrana 
pupillaris, the two chambers are quite separate. 


li. Vitreous BODY 


The vitreous body forms about four-fifths of the entire globe. It fills the 
concavity of the retina, and is hollowed in front, forming a deep concavity, the 
Jossa patellaris, for the reception of the lens. It is perfectly transparent, of 
the consistence of thin jelly, and is composed of an albuminous fluid enclosed 
in a delicate transparent membrane, the membrana hyaloidea. It has been 
supposed, by Hannover, that from its inner surface numerous thin lamelli are 
prolonged inwards in a radiating manner, forming spaces in which the fluid is 
contained. In the adult, these lamella cannot be detected even after careful 
microscopie examination in the fresh state, but in preparations hardened in 
weak chromic acid, it is possible to make out a distinct lamellation at the 
periphery of the body; and in the fœtus a peculiar fibrous texture pervades 
the mass, the fibres joining at numerous points, and presenting minute nuclear 
granules at their point of junction. In the centre of the vitreous humour, 
running trom the entrance of the optic nerve to the posterior surface of the lens, 
is a canal, filled with fluid and lined by a prolongation of the hyaloid membrane. 
This is the canal of Stilling, which in the embryonic vitreous humour conveyed 
the minute vessel from the central artery of the retina to the back of the lens. 
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The fiuid from the vitreous body resembles nearly pure water; it contains, 
however, some salts, and a little albumen. 

The hyaloid membrane encloses the whole of the vitreous humour. In front 
of the ora serrata it is thickened by the accession of radial fibres and is termed 
the zonule of Zinn or zonula ciliaris. It presents a series of radially arranged 
furrows, in which the ciliary processes are accommodated and to which they are 
adherent, as evidenced by the fact that when removed some of their pigment 
remains attached to the zonule. The zonule of Zinn splits into two layers, one 
of which is thin and lines the fossa patellaris, the other is named the suspensory 
ligament of the lens; it is thicker, and passes over the ciliary body to be attached 
to the capsule of the lens a short distance in front of its equator. Scattered 
and delicate fibres are also attached to the region of the equator itself. This 
ligament retains the lens in position, and is relaxed by the contraction of the 
radial fibres of the Ciliary muscle, so that the lens is allowed to become more 
convex. Behind the suspensory ligament there is a sacculated canal, the canal 
of Petit, which encircles the equator of the lens and which can be easily inflated 
through a fine blowpipe inserted through the suspensory ligament. 

In the fetus, the centre of the vitreous humour presents the canal of Stilling, 
already referred to, which transmits a minute artery to the capsule of the lens. 
In the adult, no vessels penetrate its substance; so that its nutrition must be 
sap on by the vessels of the retina and ciliary processes, situated upon its 
exterior. 


III. CRYSTALLINE Lens 


The crystalline lens, enclosed in its capsule, is situated immediately behind 
the pupil, in front of the vitreous body, and encircled by the ciliary processes, 
which slightly overlap its margin. 

The capsule of the lens is a transparent, highly elastic, and brittle membrane, 
which closely surrounds the lens. It rests, behind, in the fossa patellaris in 
the fore part of the vitreous body; in front, it 
is in contact with the free border of the iris, this Fie. 667.—The crystalline lens, 
latter receding from it at the circumference, thus hardened and divided. 
forming the posterior chamber of the eye; and (Enlarged.) 
it ig retained in its position chiefly by the sus- z=, Gi 
pensory ligament of the lens, already described. 
The capsule is much thicker in front than behind, 
and structureless in texture ; when ruptured, the 
edges roll up with the outer surface innermost. 

The anterior surface of the lens is covered by 
a single layer of transparent, columnar, nucleated 
cells. At the circumference of the lens, these 
cells undergo a change in form: they become 
elongated, and Babuchin states that he can trace 
the gradual transition of the cells into proper lens-fibres, with which they are 
directly continuous. There is no epithelium on the posterior surface. 

In the foetus, a small branch from the arteria centralis retine runs forwards, 
as already mentioned, through the vitreous humour to the posterior part of the 
capsule of the lens, where its branches radiate and form a plexiform network, 
which covers its surface, and they are continuous round the margin of the 
capsule with the vessels of the pupillary membrane, and with those of the iris. 
In the adult no vessels enter its substance. 

The lens is a transparent, biconvex body, the convexity being greater on 
the posterior than on the anterior surface. The central points of its anterior and 
posterior surfaces are known as its anterior and posterior poles. It measures 
from nine to ten millimetres in the transverse diameter, and about four millimetres 
in the antero-posterior. It consists of concentric layers, of which the external 
in the fresh state are soft and easily detached (substantia corticalis) ; those beneath 
are firmer, the central ones forming a hardened nucleus (nucleus lentis). These 
laming are best demonstrated by boiling, or immersion in alcohol, and consist 
of minute parallel fibres, which are hexagonal prisms, the edges being dentated, 
and the dentations fitting accurately into eacu other; their breadth is about 
,cyoth of an inch, Faint lines radiate from the anterior and posterior poles 
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to the circumference of the lens. In the adult there may be six or more of 
these, but in the foetus they are only three in number and diverge from each 
other at angles of 120 degrees (fig. 668). On the anterior surface one line ascends 
vertically and the other two diverge downwards and outwards. On the posterior 
surface one ray descends vertically and the other two diverge upwards. They 
correspond with the free edges of an equal number of septa in the lens, along 
which the ends of the lens fibres come into apposition and are joined by 
transparent amorphous substance. The fibres run in a curved manner from 


Frc. 668.—Diagram to show the direction and arrangement of the radiating lines on 
the front and back of the foetal lens. a. From the front. B. From the.back. 


A. B. 


the septa on the anterior surface to those on the posterior surface. No fibres 
pass from pole to pole, but they are arranged in such a way that fibres which 
commence near the pole on the one aspect of the lens terminate near the 
peripheral extremity of the plane on the other, and vice versa. The fibres of 
the outer layers of the lens are nucleated, and together form a layer (nuclear 
layer) on the surface of the lens, most distinct towards its circumference. 

The changes produced in the lens by age are the following : 

In the fætus, its form is nearly spherical, its colour of a slightly reddish tint ; 
it is not perfectly transparent, and is so soft as to break down readily on the 
slightest pressure. 

In the adult, the posterior surface is more convex than the anterior; it is 
colourless, transparent, and firm in texture. 

In old age it becomes flattened on both surfaces, slightly opaque, of an amber 
tint, and it also increases in density. 

The arteries of the globe of the eye are the short, long, and anterior ciliary 
arteries, and the arteria centralis retina. They have been already described 
(see page 632). 

The ciliary veins are seen on the outer surface of the choroid, and are named, 
from their arrangement, the vene vorticose. They converge to four or five 
equidistant trunks which pierce the sclerotic midway between the margin of the 
cornea and the entrance of the optic nerve. Another set of veins accompanies 
the anterior ciliary arteries and opens into the ophthalmic vein. 


The ciliary nerves are derived from the nasal branch of the ophthalmic nerve 
and from the ciliary or ophthalmic ganglion. 


Surgical Anatomy.—From a surgical point of view the cornea may be regarded as 
consisting of three layers: (1) of an external epithelial layer, developed from the epi- 
blast, and continuous with the external epithelial covering of the rest of the body, and 
therefore in its lesions resembling those of the epidermis; (2) of the cornea proper, 
derived from the mesoblast, and associated in its diseases with the fibro-vascular 
structures of the body; and (3) the posterior elastic layer with its endothelium, also 


derived from the mesoblast and having the characters of a serous membrane, so that 


pn ware of it resembles inflammation of the other serous and synovial membranes 
of the body. 


The cornea contains no blood-vessels except at its periphery, where numerous delicate 
loops, derived from the anterior ciliary arteries, may be demonstrated on the anterior 
surface of the cornea. The rest of the cornea is nourished by lymph, which gains access 
to the proper substance of the cornea and the posterior layer through the spaces of 
Fontana. This lack of a direct blood-supply renders the cornea very apt to inflame in the 
cachectic and ill-nourished, In cases of granular lids, there is a peculiar affection of the 
cornea, called pannus, in which the anterior layers of the cornea, become vascularised, 
and a rich network of blood-vessels may be seen upon it; and in interstitial keratitis 
new vessels extend into the cornea, giving it a pinkish hue to which the term ‘salmon 
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patch ’ is applied. The cornea is richly supplied with nerves, derived from the ciliary, 
which enter the cornea through the fore part of the sclerotic and form plexuses in the 
stroma, terminating between the epithelial cells by free ends or in corpuscles. In cases 


of glaucoma the ciliary nerves may be pressed upon 
as they course between the choroid and sclerotic, and 
the cornea becomes anesthetic. The sclerotic has 
very few blood-vessels and nerves. The blood-vessels 
are derived from the anterior ciliary, and form an 
open plexus in its substance. As they approach the 
corneal margin this arrangement is peculiar. Some 
branches pass through ihe sclerotic to the ciliary 
body ; others become superficial and lie in the epi- 
scleral tissue, and form arches, by anastomosing with 
each other, some little distance behind the corneal 
margin. From these arches numerous straight 
vessels are given off, which run forwards to the 
cornea, forming its marginal plexus. In inflamma- 
tion of the sclerotic and episcleral tissue these 
vessels become conspicuous, and form a pinkish zone 
of straight vessels radiating from the corneal margin, 
commonly known as the zone of ciliary injection. 
In inflammation of the iris and ciliary body this 
zone is present, since the sclerotic speedily becomes 
involved when these structures are inflamed. But 
in inflammation of the cornea the sclerotic is sel- 
dom much affected, though the cornea and sclerotic 
are structurally continuous. This would appear to 
be due to the fact, that the nutrition of the cornea 
is derived from a different source than that of the 
sclerotic. The sclerotic may be ruptured subcu- 
taneously without any laceration of the conjunctiva, 
and the rupture usually occurs near the corneal 
margin, where the tunic is thinnest. It may be 
complicated with lesions of adjacent parts—lacera- 
tion of the choroid, retina, iris, or suspensory liga- 
ment of the lens—and is then often attended with 
hemorrhage into the anterior chamber, which masks 
the nature of the injury. In some cases the lens 
has escaped through the rent in the sclerotic and 
has been found under the conjunctiva. Wounds of 
the sclerotic are always dangerous, and are often 
followed by inflammation, suppuration, and by 
sympathetic ophthalmia. 

One of the functions of the choroid is to provide 
nutrition for the retina, and to convey vessels and 
nerves to the ciliary body and iris. Inflammation of 
the choroid is therefore followed by grave disturb- 
ance in the nutrition of the retina, and is attended 
with early interference with vision. In its diseases 
it bears a considerable analogy to those which affect 
the skin, and, like it, is one of the places from which 
melanotic sarcomata may grow. These tumours 
contain a large amount of pigment in their cells, 
and grow only from those parts where pigment is 
naturally present. The choroid may be ruptured, 
without injury to the other tunics, as well as partici- 
pating in general injuries of the eyeball. In cases 
of uncomplicated rupture, the injury is usually at its 
posterior part, and is the result of a blow on the 
front of the eye. It is attended by considerable 
hemorrhage, which for a time may obscure vision, 
but, in most cases, this is restored, as soon as the 
blood is absorbed. 

The iris may be absent, either in part or alto- 
gether as a congenital condition, and in some instances 
the pupillary membrane may remain persistent, 
though it is rarely complete. And, again, the iris 
may be the seat of a malformation, termed coloboma, 


Fie. 669.— Section through the 
margin of the lens, showing 
the transition of the epithe- 
lium into the lens - fibres. 





which consists in a deficiency or cleft, which in a great number of cases is clearly due to 
an arrest in development. In these cases it is found at the lower aspect, extending directly 
downwards from the pupil, and the gap frequently extends through the choroid to the 
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f the optic nerve. In some rarer cases the gap is found in other parts gf the 
ni is then abt associated with any deficiency of the choroid. Wounds of the iris, 
especially if complicated with injury to the ciliary body, may be followed by serious 
consequences. If septic matter is introduced, and a suppurative inflammation is set up, 
complete loss of vision may result; and, what is perhaps of greater consequence, similar 
inflammatory changes may be set up in the sound eye, from spreading of the infective 
process through the connective tissue surrounding the optic nerve to the commissure, and 
thence down the opposite nerve to the sound eye. The iris is abundantly supplied with 
blood-vessels and nerves, and is therefore very prone to become inflamed. And when 
inflamed, in consequence of the intimate relationship which exists between the vessels of 
the iris and choroid, this latter tunic is very liable to participate in the inflammation. 
And, in addition, inflammation of adjacent structures, the cornea and sclerotic, is apt to 
spread into the iris. The iris is covered with epithelium, and partakes of the character 
of a serous membrane, and, like these structures, is liable to pour out a plastic exudation, 
when inflamed, and contract adhesions, either to the cornea in front (synechia anterior), 
or to the capsule of the lens behind (synechia posterior). In iritis the lens may become 
involved, and the condition known as secondary cataract may be set up. Tumours 
occasionally commence in the iris; of these, cysts, which are usually congenital, and 
sarcomatous tumours, are the most common and require removal. Gummata are not 
infrequently found in this situation. In some’ forms of irjury of the eyeball, as the 
impact of a spent shot, the rebound of a twig, or a blow with a whip, the iris may be 
detached from the Ciliary muscle, the amount of detachment varying from the slightest 
degree to separation of the whole iris from its ciliary connection. — s 

The retina, with the exception of its: pigment layer and its vessels, is perfectly 
transparent when examined by the ophthalmoscope, so that its diseased conditions'are 
recognised by its loss of transparency. In retinitis, for instance, there is more or less 
dense and extensive opacity of its structure, and not infrequently extravasations of blood 
into its substance. Hemorrhages may also take place into the retina, from rupture of 
a blood-vessel without inflammation. 

The retina may become displaced from effusion of serum between it and the choroid, 
or by blows on the eyeball, or may occur without apparent cause in progressive myopia, 
and in this case the ophthalmoscope shows an opaque, tremulous cloud. Glioma, a form 
of sarcoma, and essentially a disease of early life, is occasionally met with in connection 
with the retina. 

The lens has no blood-vessels, nerves, or connective tissue in its structure, and therefore 
is not subject to those morbid changes to which tissues containing these structures are 
liable. It does, however, présent certain morbid or abnormal conditions of various kinds. 
Thus, variations in shape, absence of the whole or a part of the lens, and displacements 
are among its congenital defects. Opacities may occur from injury, senile changes, 
malnutrition, or errors in growth or development. These opacities give rise to cataract, 
of which the senile variety is the most common. They vary as to the part of the lens in 
which the opacity commences, and are classified accordingly, as nuclear, cortical, lamellar, 
anterior and posterior polar. Senile changes may take place in the lens, impairing its 
elasticity and rendering it harder than in youth, so that it loses its power of altering its 
curvature to suit the requirements of near vision. This condition is known as presbyopia. 
And, finally, the lens may be dislocated or displaced by blows upon the eyeball; and: its 
relations to surrounding structures altered by adhesions or the pressure of new growths. 

There are two particular regions of the eye which require special notice: one of these 
is known as the ‘filtration area,’ and the other as the ‘dangerous area.’ The filtration 
area is the circumcorneal zone immediately in front of the iris. Here are situated the 
cavernous spaces of Fontana, which communicate with the canal of Schlemm, through 
which the chief transudation of fluid from the eye is now believed to take place. If any 
obstruction to this transudation occurs, increased intra-ocular tension is set up, and the 
disease known as glaucoma results. The dangerous area of the eye is the region in 
the neighbourhood of the ciliary body, and wounds or injuries in this situation are 
peculiarly dangerous; for inflammation of the ciliary body is liable to spread to many 
of the other structures of the eye, especially to the iris and choroid, which are intimately 
connected by nervous and vascular supplies. 


APPENDAGES OF THE EvE 


The appendages of the eye (tutamina oculi) include the eyebrows, the eyelids, 
the conjunctiva, and the lachrymal apparatus, viz. the lachrymal gland, the 
lachrymal sac, and the nasal duct. 

The eyebrows (supercilia) are two arched eminences of integument, which 
surmount the upper circumference of the orbit on each side, and support 
numerous short, thick hairs, directed obliquely on the surface. In structure, the 
eyebrows consist of thickened integument, connected beneath with the Orbicu- 
laris palpebrarum, Corrugator supercilii, and Occipito-frontalis muscles. These 
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muscles serve, by their action on this part, to control to a certain extent the 
amount of light admitted into the eye. 

The eyelids (palpebre) are two thin, movable folds, placed in front of the eye, 
protecting it from injury by their closure. The upper lid is the larger, and the 
more movable of the two, and is furnished with a separate elevator muscle, the 
Levator palpebre superioris. When the eyelids are open, an elliptical space 
(fissura palpebrarum) is left between their margins, the angles of which correspond 
to the junction of the upper and lower lids, and are called cantha. | 

The outer canthus is more acute than the inner, and the lids here lie in close 
contact with the globe: but the inner canthus is prolonged for a short distance 
inwards towards the nose, and the | 
two lids are separated by a triangular Fie. 670,---Vertical section through the upper 
space, the lacus lacrimalis. At the eyelid. (After Waldeyer.) 
commencement of the lacus lacrimalis, l 
on the margin of each eyelid, is a 






small conical elevation, the lachrymal pa). 
papilla, the apex of which is pierced 3A 
by a small orifice, the punctum SN 
lacrimale, the commencement of the se: nae 


lachrymal canal. 

The eyelashes (cilia) are attached 
to the free edges of the eyelids; they 
are short, thick, curved hairs, arranged 
in a double or triple row at the mar- 
gin of the lids: those of the upper 
lid, more numerous and longer than 
the lower, curve upwards; those of 
the lower lid curve downwards, so 
that they do not interlace in closing 
the lids. Near the attachment of 
the eyelashes are the openings of a 
number of glands, glands of Moll, 
arranged in several rows close to the 
free margin of the lid. They are 
regarded as enlarged and modified 
sweat-glands. 

Structure of the eyelids. — The 
eyelids are composed of the following 
structures taken in their order from 
without inwards : 

Integument, areolar tissue, fibres 
of the Orbicularis muscle, tarsal plate 
and its ligament, Meibomian glands 
and conjunctiva. The upper lid has, 
in addition, the aponeurosis of the 
Levator palpebree. 

The integument is extremely thin, 
and continuous at the margin of the 
lids with the conjunctiva. hs : a. Skin. b. Orhicularis palpebrarum. b, Marginal fascieulas 

The subcutaneous areolar fassue 1S of orbieularis (ciliary bundle). e Levagor palpebre. 

à ' : d. Conjunetiva. e. Tarsal plate, A> Meibomian gland, 
very lax and delicate, seldom contains g. Sebaceons gland, A. Wyelashes. 7, Small hairs of skin. 
any fat, and is extremely liable to Sweat-vlanis, & Posterior tarsal glanda. 
serous infiltration. 

The fibres of the Orbicularis muscle, where they cover the palpebræ, are thin, 
pale in colour, and possess an involuntary action. 

The tarsal plates are two thin elongated plates of dense connective tissue, 
about an inch in length. They are placed one in each lid, contributing to their 
form and support. 

The superior tarsal plate, the larger, is of asemilunar form, about one-third 
of an inch in breadth at the centre, and becoming gradually narrowed at each 
extremity. To the anterior surface of this plate the aponeurosis of the levator 
palpebrze is attached. 

The inferior tarsal plate, the smaller, is thinner, and of an elliptical form. 
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The free or ciliary margin of these plates is thick, and presents a perfectly 
straight edge. The attached or orbital margin 1s connected to the circumference 
of the orbit by the fibrous membrane of the lids with which it is continuous. 
The outer angle of each plate is attached to the malar bone by the external tarsal 
ligament. The inner angles of the two plates terminate at the commencement 
of the lacus lacrimalis ; they are attached to the nasal process of the superior 
maxilla by the internal tarsal ligament or tendo oculi. . 

The palpebral ligaments are membranous expansions situated one in each lid, 
and are attached marginally to the edge of the orbit, where they are continuous 
with the periosteum. The superior ligament. blends with the tendon of the 
Levator palpebree, the inferior with the inferior tarsal plate. Externally the two 
ligaments fuse to form the external tarsal ligament, just referred to; internally 
they are much thinner and, becoming separated from the internal tarsal liga- 
ment, are fixed to the lachrymal bone immediately behind the lachrymal sac. 
Together, the ligaments form an incomplete septum, the septum orbitale, which 
is perforated by the vessels and nerves which pass from the orbital cavity to the 
face and scalp. 

The Meibomian glands (fig. 671) are situated upon the inner surface of the 
eyelids, between the tarsal plates and conjunctiva, and may be distinctly seen 


Fic. 671.—The Meibomian glands &c. seen from the inner surface 
of the eyelids. 
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through the mucous membrane on everting the eyelids, presenting the appearance 
of parallel strings of pearls. They are about thirty in number in the upper eye- 
lid, and somewhat fewer in the lower. They are embedded in grooves in the 
inner surface of the tarsal plates, and correspond in length with the breadth of 
each plate ; they are, consequently, longer in the upper than in the lower eyelid. 
Their ducts open on the free margin of the lids by minute foramina, which 
correspond in number to the follicles. The use of their secretion is to prevent 
adhesions of the lids. 

Structure of the Mevbomian glands.—These glands are a variety of the 
cutaneous sebaceous glands, each consisting of a single straight tube or follicle, 
having a cecal termination, and with numerous small lateral diverticula opening 
into it. The tubes consist of a basement-membrane, lined at the mouths of the 
tubes by stratified epithelium; the deeper parts of the tubes and the lateral 
offshoots are lined by a layer of polyhedral cells. They are thus identical in 
structure with the sebaceous glands. 

The conjunctiva is the mucous membrane of the eye. It lines the inner 
surface of the eyelids, and is reflected over the fore part of the sclerotic and 
cornea. In each of these situations, its structure presents some peculiarities. 

The palpebral portion of the conjunctiva is thick, opaque, highly vascular, 
and covered with numerous papille, its deeper parts presenting a considerable 
amount of lymphoid tissue. At the margin of the lids it becomes continuous 
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with the lining membrane of the ducts of the Meibomian glands, and, through 
the lachrymal canals, with the lining membrane of the lachrymal sac and nasal 
duct. At the outer angle of the upper lid the lachrymal ducts open on its free 
surface ; and at the inner angle of the eye it forms a semilunar fold, the plica 
semilunaris. The folds formed by the reflection of the conjunctiva from the lids 
on to the eye are called the superior and inferior palpebral folds, the former 
being the deeper of the two. Upon the sclerotic, the conjunctiva is loosely 
connected to the globe ; it becomes thinner, loses its papillary structure, is trans- 
parent, and only slightly vascular in health. Upon the cornea, the conjunctiva 
consists only of epithelium, constituting the stratified epithelium of the cornea, 
already described (see page 956). Lymphatics arise in the conjunctiva in a delicate 
zone around the cornea, from which the vessels run to the ocular conjunctiva. 

At the point of reflection of the conjunctiva from the lid on to the globe of 
the eye, termed the fornix conjunctive, are a number of mucous glands, which 
are much convoluted. They are chiefly found in the upper lid. Other glands, 
analogous to lymphoid follicles, and called by Henle trachoma glands, are found 
in the conjunctiva, and, according to Strohmeyer, are chiefly situated near the 
inner canthus of the eye. They were first described by Brush, in his description 
of Peyer's patches of the small intestine, as ‘ identical structures existing in the 
under eyelid of the ox.’ 

The nerves in the conjunctiva are numerous and form rich plexuses. 
According to Krause, they terminate in a peculiar form of tactile corpuscle, which 
he terms ‘ terminal bulb.’ 

The caruncula lacrimalis is a small, reddish, conical-shaped body, situated 
at the inner canthus of the eye, and filling up the small triangular space in this 
situation, the lacus lacrimalis. It consists of a small island of skin containing 
sebaceous and sweat glands, and is the source of the whitish secretion which 
constantly collects at the inner angle of the eye. A fewslender hairs are attached 
to its surface. On the outer side of the caruncula is a slight semilunar fold of 
mucous membrane, the concavity of which is directed towards the cornea ; it is 
called the plica semilunaris. Müller found smooth muscular fibres in this fold, 
and in some of the domesticated animals a thin plate of cartilage has been 
discovered. This structure is considered to be the rudiment of the third eyelid 
in birds, the membrana nictitans. 


LACHRBYMAL APPARATUS (fig. 672) 


The lachrymal apparatus consists of the lachrymal gland, which secretes the 
tears, and its excretory ducts, which convey the fluid to the surface of the eye. 
This fluid is carried away by the 
lachrymal canals into the lachrymal Fig. 672.—The lachrymal apparatus. 
sac, and along the nasal duct into the Right side. 
cavity of the nose. Pe 

The lachrymal gland is lodged 
in a depression at the outer angle of 
the orbit, on the inner side of the 
external angular process of the frontal 
bone. It is of an oval form, about 
the size and shape of an almond. 
Its upper convex surface is in contact 
with the periosteum of the orbit, to 
which it is connected by a few fibrous 
bands. Its under concave surface rests 
upon the convexity of the eyeball, and 
upon the Superior and External recti 
muscles. Its vesselsand nerves enter 
its posterior border, while its anterior 
margin is closely adherent to the back 
part of the upper eyelid, where it is 
covered to a slight extent by the re- 
flection of the conjunctiva. The fore =A 
part of the gland is separated from the rest by a fibrous septum; hence it is 
sometimes described as a separate lobe, called the palpebral porticn of the gland 
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(accessory gland of Rosenmiiller). Its ducts, from six to twelve in number, run 
obliquely beneath the mucous membrane for a short distance, and, separating 
from each other, open by a series of minute orifices on the upper and outer 
half of the conjunctiva, near its reflection on to the globe. These orifices are 
arranged in a row, so as to disperse the secretion over the surface of the 
membrane. 

Structure of the lachrymal gland.—In structure and general appearance the 
lachrymal resembles the serous salivary glands (page 1047). In the recent state 
the cells are so crowded with granules that their limits can hardly be defined. 
They contain oval nuclei, and the cell protoplasm is finely fibrillated. er 

The lachrymal canals commence at the minute orifices, puncta lacrimalia, 
on the summit of a small conical elevation, the lachrymal papilla, seen on the 
margin of the lids, at the outer extremity of the lacus lacrimalis. The superior 
canal, the smaller and shorter of the two, at first ascends, and then bends at an 
acute angle, and passes inwards and downwards to the lachrymal sac. The 
inferwor canal at first descends, and then, abruptly changing its course, passes 
almost horizontally inwards to the lachrymal sac. They are dense and elastic 
in structure and somewhat dilated at their angle. The mucous membrane is 
covered with stratified scaly epithelium, placed on a basement membrane. Out- 
side the latter is a layer of striped muscular fibres, continuous with the Tensor 
tarsi muscle, which at the bases of the lachrymal papille are circularly arranged 
and form a kind of sphincter. 

The lachrymal sac is the upper dilated extremity of the nasal duct, and is 
lodged in a deep groove formed by the lachrymal bone and nasal process of the 
superior maxulary. It is oval in form, its upper extremity being closed in and 
rounded, while below it is continued into the nasal duct. It is covered by a 
fibrous expansion derived from the tendo oculi, and on its deep surface it is 
crossed by the Tensor tarsi muscle (Horner’s muscle, page 431), which is 
attached to the ridge on the lachrymal bone. 

Structure—The lachrymal sac consists of a fibrous elastic coat, lined 
internally by mucous membrane: the latter being continuous, through the 
lachrymal canals, with the mucous lining of the conjunctiva, and through the 
nasal duct with the pituitary membrane of the nose. 

The nasal duct is a membranous canal, about three-quarters of an inch in 
length, which extends from the lower part of the lachrymal sac to the inferior 
meatus of the nose, where it terminates by a somewhat expanded orifice, provided 
with an imperfect valve, the valve of Hasner, formed by a fold of the mucous 
membrane. It is contained in an osseous canal, formed by the superior maxillary, 
the lachrymal, and the inferior turbinated bones, is narrower in the middle than 
at either extremity, and takes a direction downwards, backwards, and a little 
outwards. It is lined by mucous membrane, which is continuous below with 
the pituitary. lining of the nose. This membrane in the lachrymal sac and nasal 


duct is covered with columnar epithelium as in the nose. This epithelium is in 
places ciliated. 


Surface Form.—The palpebral fissure, or opening between the eyelids, is elliptical in 
shape, and differs in size in different individuals and in different races of mankind. In 
the Mongolian races, for instance, the opening is very small, merely a narrow fissure, 
and this makes the eye appear small in these races, whereas the size of the eyeball is 
relatively very constant. The normal form of the fissure is oblique, in a direction 
upwards and outwards, so that the outer angle is on a slightly higher level than the inner. 
This is especially noticeable in the Mongolian races, in whom, owing to the upward 
projection of the malar bone and the shortness of the external angular process of the 
frontal bone, the tarsal plate of the upper lid is raised at its outer part, and gives a very 
oblique direction to the palpebral fissure. 

_ When the eyes are directed forwards, as in ordinary vision, the upper part of the cornea 
is covered by the upper lid, and the Jower margin of the cornea corresponds to the level 
of the lower lid, so that about the lower three-fourths of the cornea are exposed under 
ordinary circumstances. On the margins of the lids, about a quarter of an inch from the 
oe canthus, are two small openings, the puncia lacrimalia, the commencement of the 
a rymal canals. They are best seen by everting the eyelids. In the natural condition 
i i k in contact with the conjunctiva of the eyeball, and are maintained in this position 
z i q -ensor tarsi muscle, so that the tears running over the surface of the globe easily 
a eir way into the lachrymal canals. The position of the lachrymal sac into which 

e canals open is indicated by a little tubercle (page 247), which is plainly to be felt on the 
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lower margin of the orbit. The lachrymal sac lies immediately above and to the inner 
side of this tubercle, and a knife passed through the skin in this situation would open the 
cavity. The position of the lachrymal sac may also be indicated by the tendo oculi, or 
internal tarsal ligament. If both lids be drawn outwards so as to tighten the skin at 
the inner angle, a prominent cord will be seen beneath the tightened skin. This is the 
tendo oculi, which lies directly over the lachrymal sae, bisecting it, and thus forming 
a useful guide to its situation. A knife entered immediately beneath the tense cord 
would open the lower part of the sac. A probe introduced through this opening can 
be readily passed downwards through the duct into the inferior meatus of the nose. 
The direction of the duet is downwards, outwards, and backwards, and this course 
should be borne in ining in passing the probe, otherwise tho point may be driven 
through the thin bony walls of the canal. A convenient plan is to direct the probo 
in such a manner, that if it were pushed onwards it would strike the firat molar 
tooth of the lower jaw on the same side of the body. In other words, the surgeon 
standing in front of his patient should carry in his mind the position of the fret molar 
tooth, and should push his probe onwards in such a way as if he desired to reach this 
structure. 

Beneath the internal angular process of the frontal bone, the pulley of tho Superior 
oblique muscle of the eye can be plainly felt by pushing the finger backwards between 
the upper and inner angle of the eye and the roof of the orbit; passing backwards and 
outwards from this pulley the tendon can be felt for a short distance. 

Surgical Anatomy.—The cyelids are composed of various tissues, and consequently 
are liable to a variety of diseases. The skin which covers them is excecdingly thin and 
delicate, and is supported on a quantity of looso and Jax subcutancous tissne, which 
contains no fat. In consequence of this it is very freely movable, aud is Hable to be 
drawn down by the contraction of neighbouring cicatrices, and thus produce an eversion 
of the lid, known as ectropion. Inversion of the lids (entropion) from spasin of the Orbicu- 
laris palpebrarum or from chronic inflammation of the palpebral conjunctiva may also 
occur. The eyelids are richly supplicd with blood, and are often the seat of vascular 
growths, such as nevi. Rodent ulcer also frequently commences in this situation. The 
loose cellular tissue beneath the skin is liable to become extensively infiltrated cither 
with blood or inflammatory products, producing vory great swelling. Even from very 
slight injuries to this tissue, the extravasation of blood may be so preat as to produce 
considerable swelling of the lids and complete closure of the eye, and the same is the 
case when inflammatory products are poured out. The follicles of the cyelashes or the 
sebaceous glands associated with these follicles may be the seat of inflanunation, con- 
stituting the ordinary ‘sty.’ The Meibomian glands are affected ia the so-called ‘ tarsal 
tumour:’ the tumour, according to some, being caused by the retained secretion of these 
glands; by others it is believed to be a neoplasm connected with the gland. The ciliary 
follicles are liable to become inflamed, constituting the disease known as blepharitis 
ciliaris or ‘blear eye.’ Irregular or disorderly growth of the eyclashes not infrequently 
occurs ; some of them being turned towards the eyeball and producing inflammation 
and ulceration of the cornea, and possibly eventually complete destruction of the eye. 
The Orbicularis palpebrarum may be the seat of spasm, either in the form of slight 
quivering of the lids; or repeated twitchings, most commonly due to errors of refraction 
in children; or more continuous spasm, due to some irritation of the fifth or seventh 
cranial nerve. The Orbicularis may be paralysed, generally associated with paralysis 
of the other facial muscles. Under these circumstances, the patient is unable to close 
the lids, and, if he attempts to do so, rolls the eyeball upwards under the upper lid. 
The tears overflow from displacement of the lower lid, and the conjunetiva and cornea, 
being constantly exposed and the patient being unable to wink, become irritated from 
dust and foreign bodies. In paralysis of the Levator palpebree superioris there is 
drooping of the upper eyelid and other symptoins of implication of the third nerve. The 
eyelids may be the seat of bruises, wounds, or burns. In these latter injuries, adhesions 
of the margins of the lids to each other, or adhesion of the lids to the globo may take 
place. The eyelids are sometimes the seat of emphysema, aftur fracture of some of the 
thin bones forming the inner wall of the orbit. If shortly after such an injury the 
patient blows his nose, air is forced from the nostril through the lacerated structures 
into the connective tissue of the eyelids, which suddenly swell up and present the peculiar 
crackling characteristic of this affection. l i 

Foreign bodies frequently get into the conjunctival sac and canse great pain, especially 
if they come in contact with the corneal surface, during the movements of the hid and 
the eye on each other. The conjunctiva is often involved in severe Injuries of the eye- 
ball, but is seldom: ruptured alone ; the most common form of injury to the conj unctiva 
alone is from: a burn, either from fire, strong acids, or lime. In these cases union is 
liable to take place between the eyelid and the cyeball. The conjunctiva is often the 
seat of inflammation arising from many different causes, and the arrangement of the 
conjunctival vessels should be remembered as affording a means of diagnosis between 
this condition and injection of the sclerotic, which is present in inflammation of the 
deeper structures of the globe. The inflamed conjunctiva is bright red; tle vessels are 
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i ds the corneal 
and tortuous, and greatest at the circumference, shading off towar ' 
serada ; they anastomose freely and form a dense network, and they can be emptied or 


i d by gentle pressure. ah. l 
e alt E ghai is occasionally, though rarely, the seat of inflammation, either 


chronic; it is also sometimes the seat of tumours, benign or malignant, and for 
UAE sa require removal. This may be done by an incision through the skin, just 
below the eyebrow; and the gland, being invested with a special capsule of its own, may 
be isolated and removed, without opening the general cavity of the orbit. The canaliculi 
may be obstructed, either as a congenital defect, or by some foreign body, as an eyelash 
or a dacryolith, causing the tears to run over the cheek. The canaliculi may also become 
occluded as a result of burns or injury; overflow of the tears may in addition result 
from deviation of the puncta, or from chronic inflammation of the lachrymal sac. This 
latter condition is set up by some obstruction to the nasal duct, frequently occurring in 
tuberculous subjects. In consequence of this the tears and mucus accumulate in the 
lachrymal sac, distending it. Suppuration in the lachrymal sac is sometimes met with ; 
this may be the sequel of a chronic inflammation; or may occur after some of the 
eruptive fevers, in cases where the lachrymal passages were previously quite healthy. It 
may lead to lachrymal fistula. 


THE EAR 


The organ of hearing is divisible into three parts: the external ear, the 
middle ear or tympanum, and the internal ear or labyrinth. 


THe EXTERNAL EAR 


The external ear consists of an expanded portion named pinna or auricle, 
and the auditory canal, or meatus. The former serves to collect the vibrations 
of the air by which sound is produced ; the latter conducts those vibrations to 
the tympanum. pn i 

The pinna or auricle (fig. 673) is of an ovoid form, with its larger end directed 
upwards. Its outer surface is irregularly concave, directed slightly forwards, 

and presents numerous eminences and depres- 
Fic. 673.—The pinna, or. auricle. sions which result from the foldings of its 
Outer surface. fibro-cartilaginous element. To each of these, 
names have been assigned. Thus the external 
prominent rim of the auricle is called the heliz. 
Another curved prominence, parallel with and 
in front of the helix, is called the anttheliz ; 
this divides above into two crura, which enclose 
a triangular depression, the fossa of the antthelix 
(fossa triangularis). The narrow curved de- 
pression between the helix and the antihelix is 
called the fossa of the helix (scapha) ; the anti- 
helix describes a curve round a deep, capacious 
cavity, the concha, which is partially divided into 
two parts by the crus helicis or the commence- 
ment of the helix ; the upper part is termed the 
cymba conche, the lower pari the cavum conchae. 
In front of the concha, and projecting back- 
wards over the meatus, is a small pointed emi- 
nence, the tragus: so called from its being 
generally covered on its under surface with a 
tuft of hair, resembling a goat’s beard. Oppo- 
site the tragus, and separated from it by a 
deep notch (incisura intertragica), is a small tubercle, the antitragus. Below 
this is the lobule, composed of tough areolar and adipose tissues, and want- 
ing the firmness and elasticity of the rest of the pinna. Where the helix 
turns downwards a small tubercle, the tubercle of Darwin, is frequently seen. 
This tubercle is very evident about the sixth month of fæœtal life ; at this 
stage the human pinna has a close resemblance to that of some of the adult 
monkeys. 


The cranial surface of the pinna presents elevations which correspond to the 
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depressions on its outer surface and after which they are named, e.g. eminentia 
conche, eminentia triangularis, &e. 

Structure of the pinna, —The pinna is composed of a thin plate of yellow 
fibro-cartilage, covered with integument, and connected to the surrounding 
parts by the extrinsic ligaments and muscles ; and to the commencement of the 
external auditory canal by fibrous tissue, 

The integument is thin, closely adherent to the cartilage, and covered with 
hairs furnished with sebaceous glands, which are most numerous in the concha 
and scaphoid fossa. The hairs are most numerous and largest on the tragus 
and antitragus. 

The cartilage of the pinna consists of one single piece: it gives form to this 
part of the ear, and upon its surface are found all the eminences and depressions 
above described. It does not enter into the construction of all parts of the 
auricle; thus it does not form a constituent part of the lobule; it is deficient, 
also, between the tragus and beginning of the helix, the notch between them 
being filled up by dense fibrous tissue. At the front part of the pinna, where 
the ae bends upwards, is a 
small projection of cartilage, MIG. 674.— inna. 
called the a helicis, while ha E a ee 
lower part of the helix ìs pro- 
longed downwards as a tail-like 
process, the cauda helicis; this 
is separated from the antihelix 
by a fissure, the fissura anti- 
tragohelicina. The cranial as- 
pect of the cartilage exhibits a 
transverse furrow, the sulcus 
antihelicis transversus, which cor- 
responds with the inferior crus 
of the antihelix and separates 
the prominence produced by the 
concha from that caused by the 
fossa triangularis. The eminentia 
conch is crossed by a vertical 
ridge (ponticulus) which gives 
attachment to the Retrahens 
auriculam muscle. The cartilage 
of the pinna presents several 
intervals or fissures in its sub- 
stance, which partially separate 
the different parts. The fissure of 
the helix is a short vertical slit, 
situated at the fore part of the 
pinna. Another fissure, the fis- 
sure of the tragus, is seen upon 
the anterior surface of the tragus. 
The cartilage of the pinna is 
very pliable, elastic, of a yellowish colour, and belongs to that form of cartilage 
which is known under the name of yellow fibro-cartilage. 

The ligaments of the pinna consist of two sets: 1. The extrinsic set, or those 
connecting it to the side of the head. 2. The intrinsic set, or those connecting 
various parts of its cartilage together. 

The extrinsic ligaments are two in number, anterior and posterior. The 
anterior ligament extends from the spina helicis and tragus to the root of the 
zygoma. The posterior ligament passes from the posterior surface of the concha 
to the outer surface of the mastoid process of the temporal bone. 

The chief intrinsic ligaments are: (1) a strong fibrous band, stretching 
across from the tragus to the commencement of the helix, completing the 
meatus in front, and partly encircling the boundary of the concha; and (2) a 
band which extends between the antihelix and the cauda helicis. Other less 
important bands are found on the cranial surface of the pinna. an 

The muscles of the pinna (fig. 674) consist of two sets: 1, the extrinsic, 
which connect it with the side of the head, moving the pinna as a whole, 
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viz. the Attollens, Attrahens, and Retrahens auriculam (page 430); and 2, the 
intrinsic, which extend from one part of the auricle to another, viz. : 


Helicis major. Antitragicus. 
Helicis minor. Transversus auriculæ, 
Tragicus. Obliquus auricule. 


The Musculus helicis major is a narrow vertical band of muscular fibres, 
situated upon the anterior margin of the helix. It arises, below, from the 
crus helicis, and is inserted into the anterior border of the helix, just where it 
is about to curve backwards. 

The Musculus helicis minor is an oblique fasciculus, which covers the crus 
helicis. 

The Tragicus is a short, flattened band of muscular fibres situated upon the 
outer surface of the tragus, the direction of its fibres being vertical. 

The Antitragicus arises from the outer part of the antitragus: its fibres are 
inserted into the cauda helicis and antihehx. This muscle is usually very 
distinct. 

The Transversus auricule is placed on the cranial surface of the pinna. It 
consists of scattered fibres, partly tendinous and partly muscular, extending 
from the convexity of the concha to the prominence corresponding with the 
groove of the helix. 

The Obliquus auricule (Tod) consists of a few fibres extending from the 
upper and back part of the concha to the convexity immediately above it. 


Fra. 675.—A front view of the organ of hearing. Right side. 
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The arteries of the pinna are the posterior auricular from the external 
carotid, the anterior auricular from the temporal, and an auricular branch 
from the occipital artery. 

The veins accompany the corresponding arteries. 

The nerves are: the great auricular, from the cervical plexus; the auricular 
branch of the pneumogastric; the auriculo-temporal branch of the inferior 
maxillary nerve; the small occipital from the cervical plexus, and the great 
occipital or internal branch of the posterior division of the second cervical 
nerve. The muscles of the pinna are supplied by the facial nerve. 

The Auditory Canal (meatus auditorius externus) extends from the bottom 
of the concha to the membrana tympani (fig. 675). It is about an inch and a 
half in length if measured from the tragus ; from the bottom of the concha its 
length is about an inch. It forms a sort of S-shaped curve, and is directed at 
first inwards, forwards, and slightly upwards (pars externa); it then passes 
inwards and backwards (pars media), and lastly is carried inwards, forwards, 
and slightly downwards (pars interna). It forms an oval cylindrical canal, the 
greatest diameter being in the vertical direction at the external orifice, but 
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nearly in the transverse direction at the tympanic end. It presents two con- 
strictions, one near the inner end of the cartilaginous portion, and another, the 
isthmus, in the osseous portion, about three-quarters of an inch from the bottom 
of the concha. The membrana tympani, which occupies the termination of the 
meatus, is obliquely directed, in consequence of which the floor of the canal 
is longer than the roof, and the anterior wall longer than the posterior. The 
auditory canal is formed partly by cartilage and membrane, and partly by bone, 
and is lined by skin. 

The cartilaginous portion is about one-third of an inch (eight millimetres) in 
length, it is formed by the cartilage of the pinna, prolonged inwards, and firmly 
attached to the circumference of the auditory process of the temporal bone. The 
cartilage is deficient at its upper and back part, its place being supplied by fibrous 
membrane. This part of the canal is rendered extremely movable by two or 
three deep fissures (inciswre Santorini), which extend through the cartilage in 
a vertical direction. 

The osseous portion is about two-thirds of an inch (sixteen millimetres) in 
length, and narrower than the cartilaginous portion. It is directed inwards 
and a little forwards, forming a slight curve in its course, the convexity of 
which is upwards and backwards. Its inner end, which communicates, in the 
dry bone, with the cavity of the tympanum, is smaller than the outer and 
sloped, the anterior wall projecting beyond the posterior about two lines; it is 
marked, except at its upper part, by a narrow groove, the sulcus tympanicus, 
for the insertion of the membrana tympani. Its outer end is dilated and rough 
in the greater part of its circumference, for the attachment of the. cartilage of 
the pinna. Its vertical transverse section is oval, the greatest diameter being 
from above downwards and backwards. The front and lower parts of this 
canal are formed by a curved plate of bone, the tympanic plate, which, in the 
fœtus, exists as a separate ring (annulus tympanicus), incomplete at its upper 
part. See section on Osteology (page 197). 

The skin lining the meatus is very thin, adheres closely to the cartilaginous 
and osseous portions of the tube, and covers the surface of the membrana 
tympani, forming its outer layer. After maceration, the thin pouch of epidermis, 
when withdrawn, preserves the form of the meatus. In the thick subcutaneous 
tissue of the cartilaginous part of the meatus are numerous ceruminous glands, 
which secrete the ear-wax. They resemble in structure sweat-glands, and their 
ducts open on the surface of the skin. 

Relations of the meatus.—In front of the osseous part is the condyle of the 
mandible, which, however, is separated from the cartilaginous part by the retro- 
mandibular part of the parotid gland. The movements of the jaw influence to 
some extent the lumen of this latter portion. Behind the osseous part are the 
mastoid air-cells, separated from it by a thin layer of bone. 

The arteries supplying the meatus are branches from the posterior auricular, 
internal maxillary, and temporal. 

The nerves are chiefly derived from the auriculo-temporal branch of the 
inferior maxillary nerve and the. auricular branch of the pneumogastric. 


Surface Form.—At the point of junction of the osseous and cartilaginous portions, 
the tube forms an obtuse angle, which projects into the tube at its antero-inferior wall. 
This produces a sort of constriction in this situation, and renders it a narrow portion of the 
canal—an important point to be borne in mind in connection with the presence of foreign 
bodics in the ears. The cartilaginous is connected to the bony part by fibrous tissue 
which renders the outer part of the tube very movable, and therefore by drawing the pinna 
upwards and backwards the canal is rendered almost straight. At the external orifice are 
few short, crisp hairs, which serve to prevent the entrance of small particles of dust, or 
flies and other insects. In the cxternal auditory meatus the secretion of the ceruminous 
glands serves to catch any small particles which may find their way into the canal, 
and prevent their reaching the membrana tympani, where their presence might excite 
irritation. In young children the meatus is very short, the osseous part consisting merely 
of a bony ring (the annulus tympanicus), which supports the membrana tympani, In 
the foetus, the osseous part is cntirely absent. The shortness of the canal in children 
should be borne in mind in introducing the aural speculum, so that it be not pushed 
in too far, at the risk of injuring the membrana tympani; indced, even in the adult the 
speculum should never be introduced beyond the constriction which marks the junction 
of the osseous and cartilaginous portions. In using this instrument it is advisable that 
the pinna should be drawn upwards, backwards, and a little outwards, so as to render 
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the canal as straight as possible, and thus assist the operator in obtaining, by the aid of 
reflected light, a good view of the membrana tympani. Just in front of the membrane is 
a well-marked depression, situated on the floor of the canal, and bounded by a somewhat 
prominent ridge; in this foreign bodies may become lodged. By aid of the speculum, 
combined with traction of the auricle upwards and backwards, the whole of the membrana 
tympani is rendered visible. It is a pearly-grey membrane, slightly glistening in the 
adult, placed obliquely, so as to form with the floor of the meatus a very acute angle 
(about fifty-five degrees), while with the roof it forms an obtuse angle. At birth it is 
more horizontal, situated in almost the same plane a8 the base of the skull. About 
midway between the anterior and posterior margins of the membrane, and extending 
from the centre obliquely upwards, is a reddish-yellow streak; this is the handle of the 
malleus, which is inserted into the membrane. At the upper part of this streak, close to 
the roof of the meatus, a little white, rounded prominence is plainly to be seen; this is 
the processus brevis of the malleus, projecting against the membrane. The membrana 
tympani does not present a plane surface; on the contrary, its centre is drawn inwards, 
on account of its connection with the handle of the malleus, and thus the external surface 
is rendered concave. 


THe MippLe Har, on TYMPANUM 


The middle ear, or tympanum, is an irregular cavity, compressed from without 
inwards, and situated within the petrous bone. It is placed above the jugular 
fossa; the carotid canal lying in front, the mastoid cells behind, the meatus 
auditorius externally, and the labyrinth internally. It is filled with air, and 
communicates with the naso-pharynx by the Eustachian tube. The tympanum 
is traversed by a chain of movable bones, which connect the membrana tympani 
with the labyrinth, and serve to convey the vibrations communicated to the 
membrana tympani across the cavity of the tympanum to the internal ear. 

The tympanic cavity consists of two parts: the atrium or tympanic cavity 
proper, opposite the tympanic membrane, and the attic or epitympanic recess, 
above the level of the upper part of the membrane; the latter contains the upper 
half of the malleus and the greater part of the incus. Its diameter, including 
the attic, measures about fifteen millimetres vertically and transversely. From 
without inwards it measures about six millimetres above and four millimetres 
below; opposite the centre of the tympanic membrane it is only about two 
millimetres. It is bounded externally by the membrana tympani and meatus ; 
internally, by the outer surface of the internal ear; and communicates, behind, 
with the mastoid antrum and through it with the mastoid cells; and in front 
with the Eustachian tube and canal for the Tensor tympani. Its roof and floor 
are formed by thin osseous lamingw, the one forming the roof being a thin plate 
situated on the anterior surface of the petrous portion of the temporal bone, 
close to its angle of junction with the squamous portion of the same bone. 

The roof (paries tegmentalis) is broad, flattened, and formed of a thin plate 
of bone (tegmen tympani), which separates the cranial and tympanic cavities. 
It is prolonged backwards so as to roof in the mastoid antrum ; it is also 
carried forwards to cover in the canal for the Tensor tympani muscle. Its outer 
edge corresponds with the remains of the petro-squamous suture. 

The floor (paries jugularis) is narrow, and is separated by a thin plate of 
bone (fundus tympani) from the jugular fossa. It presents, near the inner 
wall, a small aperture for the passage of Jacobson’s nerve. 

_ The outer wall is formed mainly by the membrana tympani, partly by the 
ring of bone into which this membrane is inserted. This ring of bone is 
incomplete at its upper part, forming a notch (incisura Rivini). Close to it are 
three small apertures: the iter chords posterius, the Glaserian fissure, and the 
iter chord anterius. 

The iter chordæ posterius is in the angle of junction between the posterior 
and external walls of the tympanum, immediately behind the membrana 
tympani ‘and on a level. with the upper end of the handle of the malleus; it 
leads into a minute canal, which descends in front of the aqueductus Fallopii, 
and terminates in that canal near the stylo-mastoid foramen. Through it the 
chorda tympani nerve enters the tympanum. 

The Glaserian fissure opens just above and in front of the ring of bone into 
urieh the membrana tympani is inserted ; in this situation it is a mere slit about 
a line in length. It lodges the long process and anterior ligament of the malleus, 
and gives passage to the tympanic branch of the internal maxillary artery. 
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_ _ The tter chorde anterius is seen at the inner end of the preceding fissure ; 
it leads into a canal (canal of Huguier), which runs parallel with the Glaserian 
fissure. Through it the chorda tympani nerve leaves the tympanum. 
_ The internal wall of the tympanum (paries labyrinthica) (fig. 676) is vertical 
in direction, and looks directly outwards. It presents for examination the 
following parts : 

Fenestra ovalis. Promontory. 

Fenestra rotunda. Ridge of the aqueductus Fallopii. 


The fenestra ovalis is a reniform opening leading from the tympanum into 
the vestibule ; its long diameter is directed horizontally, and its convex border is 
upwards. The opening in the recent state is occupied by the base of the stapes, 
which is connected to the margin of the foramen by its annular ligament. 

The fenestra rotunda is an aperture placed at the bottom of a funnel-shaped 
depression, leading into the cochlea. It is situated below and rather behind the 
fenestra ovalis, from which itis separated by a rounded elevation, the promontory ; 
it is closed in the recent state by a membrane ues tympani secundaria, 
Scarpa). This membrane is concave towards the ympanum, convex towards the 


Fre. 676.—View of inner wall of tympanum. (Enlarged.) 
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cochlea. It consists of three layers: the external, or mucous, derived from the 
mucous lining of the tympanum ; the internal from the lining membrane of the 
cochlea; and an intermediate, or fibrous layer. 

The promontory is a rounded hollow prominence, formed by the projection 
outwards of the first turn of the cochlea ; it is placed between the fenestræ, and 
is furrowed on its surface by three small grooves, which lodge branches of the 
tympanic plexus. A minute spicule of bone frequently connects the promontory 
to the pyramid. 

The rounded eminence of the aqueductus Fallopit, the prominence of the bony 
canal in which the facial nerve is contained, traverses the inner wall of the 
tympanum above the fenestra ovalis, and behind that opening curves nearly 
vertically downwards along the posterior wall. 

The posterior wall of the tympanum (paries mastoidea) is wider above than 
below, and presents for examination the 


Opening of the antrum. Pyramid. Fossa incudis, 


The opening of the antrum is a large irregular aperture, which extends 
backwards from the epitympanic recess and leads into a considerable air space, 
the antrum mastoideum (see page 193). The antrum communicates with large 
irregular cavities contained in the interior of the mastoid process, the mastoid 
air-cells. These cavities vary considerably in number, size, and form; they 
are lined by mucous membrane, continuous with that lining the cavity of the 
tympanum. On the inner wall of the opening into the antrum is a rounded 
eminence, situated above and behind the eminence of the aqueeductus Fallopii, 
which corresponds with the position of the ampullated extremities of the 
superior and external semicircular canals. 
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The pyramid is a conical eminence, situated immediately behind the fenestra 
ovalis, and in front of the vertical portion of the eminence above described ; it is 
hollow in the interior, and contains the Stapedius muscle; its summit projects 
forwards towards the fenestra ovalis, and presents a small aperture, which 
transmits the tendon of the muscle. The cavity in the pyramid is prolonged 
downwards and backwards in front of the aqueductus Fallopii, with which 
it communicates by a minute canal which transmits a twig from the facial 
nerve to the Stapedius muscle. ee: 

The fossa incudis is a small depression which is situated in the lower and 
back part of the epitympanic recess, and lodges the short process of the incus. 

The anterior wall of the tympanum (paries carotica) is wider above than 
below ; jt corresponds with the carotid canal, from which it is separated by a 
thin plate of bone, perforated by the tympanic branch of the internal carotid 
artery, and by a communicating branch which connects the sympathetic plexus 
on the internal carotid artery with the tympanic plexus on the promontory 
It presents for examination the 


Canal for the Tensor tympani. Orifice of the Eustachian tube. 
The processus cochleariformis. 


The orifice of the canal for the Tensor tympani and the orifice of the 
Eustachian tube are situated at the upper part of the anterior wall, being 
separated from each other by a thin, delicate, horizontal plate of bone, the 
processus cochleariformis. These canals run from the tympanum forwards, 
inwards, and a little downwards, to the retiring angle between the squamous 
and petrous portions of the temporal bone. 

The canal for the Tensor tympani is the superior and the smaller of the two; 
it is rounded and lies beneath the forward prolongation of the tegmen tympani. 
It extends on to the inner wall of the tympanum and ends immediately above the 
fenestra ovalis. The processus cochleariformis passes backwards below this part 
of the canal, forming its outer wall and floor; it expands above the anterior 
extremity of the fenestra ovalis and terminates by curving outwards so as to form 
a pulley over which the tendon passes. 

The Eustachian tube is the channel through which the tympanum com- 
municates with the naso-pharynx. Its length is an inch and a half (thirty-six 
millimetres), and its direction downwards, forwards, and inwards, forming an 
angle of about forty-five degrees with the sagittal plane and one of from thirty 
to forty degrees with the horizontal plane. It is formed partly of bone, partly 
of cartilage and fibrous tissue. 

The osseous portion is about an inch in length. It commences in the 
anterior wall of the tympanum, below the processus cochleariformis, and, 
gradually narrowing, terminates at the angle of junction of the petrous and 
Squamous portions, its extremity presenting a jagged margin which serves for 
the attachment of the cartilaginous portion. 

The cartilaginous portion, about an inch in length, is formed of a triangular 
plate of elastic fibro-cartilage, the apex of which is attached to the margin of the 
inner extremity of the osseous canal, while its base lies directly under the mucous 
membrane of the naso-pharynx, where it forms an elevation or cushion behind 
the pharyngeal orifice of the tube. The upper edge of the cartilage is curled 
upon itself, being bent outwards so as to present on transverse section the 
appearance of a hook; a groove or furrow is thus produced, which opens below 
and externally, and this part of the canal is completed by fibrous membrane. 
The cartilage is fixed to the base of the skull, and lies in a groove between the 
petrous-temporal and the greater wing of the sphenoid ; this groove ends opposite 
the middle of the internal pterygoid plate. The cartilaginous and bony portions 
of the tube are not in the same plane, the former inclining downwards a little 
more than the latter. The diameter of the canal is not uniform throughout, 
heing greatest at the pharyngeal orifice and least at the junction of the bony 
and cartilaginous portions, where it is named the isthmus; it again expands 
somewhat as it approaches the tympanic cavity. The position and relations 
of the pharyngeal orifice are described with the anatomy of the naso-pharynx. 
Through this canal the mucous membrane of the pharynx is continuous with 
that which lines the tympanum. The mucous membrane is covered with ciliated 
epithelium and is thin in the osseous portion, while in the cartilaginous portion 
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it contains many mucous glands and near the pharyngeal orifice a considerable 
amount of adenoid tissue, which has been named by Gerlach the tube-tonsil. 
The tube is opened during deglutition by the Salpingo-pharyngeus and Dilator 
tubæ muscles. The latter arises from the hook of the cartilage and from the 
membranous part of the tube, and blends below with the Tensor palati. 

The membrana tympani separates the cavity of the tympanum from the 
bottom of the external meatus. It is a thin, semi-transparent membrane, nearly 
oval in form, somewhat broader above than below, and directed very obliquel 
downwards and inwards so as to form an angle of about fifty-five degrees mith 
the fioor of the meatus. Its longest diameter is directed from above and behind, 
downwards and forwards, and measures from nine to ten millimetres ; its shortest 
diameter measuring from eight to nine 
millimetres. The greater part of its 
circumference is thickened to form 
an annular ring which is fixed in a 
groove, the sulcus tympanicus, at the 
inner extremity of the meatus. This 
sulcus is deficient superiorly at the 
incisure or notch of Rivinus. From the 
extremities of this notch two bands, 
the anterior and posterior malleolar 
folds, are prolonged to the short pro- 
cess of the malleus. The small, some- 
what triangular part of the membrane 
situated above these folds is lax and 
thin, and is named the membrana 
flaccida of Shrapnell; in it a small 
orifice is sometimes seen. The handle 
of the malleus is firmly attached to the 
inner aspect of the membrane as far 
as its centre, which it draws inwards 
towards the cavity of the tympanum. 
The outer surface of the membrane is 
thus concave, and the most depressed 
part of this concavity is named the 
umbo or navel. 

Structure — This membrane is com- 
posed of three layers, an external 


Pig. 677.-—-The membrana tympani viewed 
from its internal surface. (Testut.) 





(cuticular), a middie (fibrous), and an 
internal (mucous). The cuticular lining 
is derived from the integument lining 
the meatus. The fibrous layer consists 
of two strata, an external of radial 
fibres, which diverge from the handle of 
the malleus, and an internal of circular 
fibres, which are plentiful around the 


The mallteas has been resected immediately beyond its 
processus brevis, in order to show the ty:npano-malleolar 


folds and the membrane of Shrapnell. 

1. Membrana tympani. 2, Umbo or navel. 3. Handle of 
the malleus, 4. Processus brevis. 5, Anterior tympano- 
malleolar fold. 6. Posterior tympano-malleolar fold. 
7- Membrane of Shrapnel. 8, Anterior pouch of 
‘réltsch. 9g. Posterior pouch of Tröltsch. 10. Pibro- 
cartilaginous ring. 11. Glaserian fissure. 12. Eustachian 
tube. 13. Jter chorda posterius. 14. Iter chord 
anterius, 415. Facet for short process of the incus. 16. 
Prominentia styloidea. 


circumference but sparse and scattered 
near the centre of the membrane. Branched or dendritic fibres, as pointed out 
by Griiber, are also present, especially in the posterior half of the membrane. 
The arteries of the membrana tympani are derived from the deep auricular 
branch of the internal maxillary, which ramifies beneath the cuticular layer and 
from the stylo-mastoid branch of the posterior auricular and tympanic branch 
of the internal maxillary, which are distributed on the mucous surface. The 
superficial veins open into the external jugular; those on the mucous surface 
drain themselves partly into the lateral sinus and veins of the dura mater and 
partly into a plexus on the Eustachian tube. The membrane receives its 
nervous supply from the auriculo-temporal branch of the inferior maxillary, the 
auricular branch of the vagus, and the tympanic branch of the glosso-pharyngeal. 


OSSICLES OF THE TyMPANUM (fig. 678) 


The tympanum is traversed by a chain of movable bones, three in number, 
the malleus, incus, and stapes. The first is attached to the membrana tympani, 
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the last to the fenestra ovalis, the incus being placed between the two, and 
connected to both by delicate articulations. | 
The Malleus, so named from its fancied resemblance to a hammer, consists 
of a head, neck, and three processes, viz.: the handle or manubrium, the 
processus gracilis, and the processus brevis. nas l 
The head is the large upper extremity of the bone ; it is oval in shape, and 
articulates posteriorly with the incus, being free in the rest of its extent. The 
facet for articulation with the incus is con- 
Fic. 678.—The small bones of the ear stricted near the middle, and is divided by 
seen from the outside. (Enlarged.) a ridge into an upper, larger, and lower, 
lesser part, which form nearly a right angle 
y with each other. Opposite the constriction 
i the lower margin of the facet projects in 
the form of a process, the cog-tooth or spur 
of the malleus. 
The neck is the narrow contracted part 





Ox just beneath the head; and below this is a 
“ae, A È prominence, to which the various processes 
I U aA ' are attached. 
(Ape aa: ; g 0s Orbicutare . a e 
i US The manubrium is a vertical process of 
Hond bone, which is connected by its outer 
Orura margin with the membrana tympani. It 


is directed downwards, inwards, and baek- 
wards ; it decreases in size towards its extremity, where it is curved slightly 
forwards, and flattened from within outwards. On the inner side, near its upper 
end, so slight projection, into which the tendon of the Tensor tympani iş 
inserted. 

The processus gracilis is a long and very delicate process, which passes from 
the eminence below the neck forwards and outwards to the Glaserian fissure, to 
which it is connected by ligamentous fibres. In the foetus this is the longest 
process of the malleus, and is in direct continuity with the cartilage of Meckel. 

The processus brevis is a slight conical projection, which springs from the 
root of the manubrium ; it is directed outwards, and is attached to the upper 
part of the tympanic membrane and, by means of the malleolar folds, to the 
extremities of the notch of Rivinus. 

The Incus has received its name from its supposed resemblance to an anvil, 
but it is more like a bicuspid tooth, with two roots, which differ in length, and 
are widely separated from each other. It consists of a body and two processes. 

The body is somewhat quadrilateral but compressed laterally. On its anterior 
surface is a deeply concavo-convex facet, which articulates with the head of the 
malleus ; in the fresh state it is covered with cartilage and the joint lined with 
synovial membrane. 

The two processes diverge from one another nearly at right angles. 

The short process, Somewhat conical in shape, projects almost horizontally 
backwards, and articulates with a depression, the fossa incudis, in the lower and 
back part of the epitympanic recess. 

The long process, longer and more slender than the preceding, descends 
nearly vertically behind and parallel to the handle of the malleus, and, bending 
inwards, terminates in a rounded globular projection, the os orbiculare or 
lenticular process, which is tipped with cartilage, and articulates with the head 
of the stapes. In the foetus the os orbiculare exists as a separate bone. 

The Stapes, so called from its close resemblance to a stirrup, consists of a 
head, neck, two crura, and a base. 


The head presents a depression, tipped with cartil ; 
the os orbiculare. p , upped with cartilage, which articulates with 


_ The neck, the constricted par recel 

insertion of the Stapedive ou part of the bone succeeding the head, receives the 

: r two crura diverge from the neck and are connected at their extremities 

oy E altered oval-shaped plate (the base), which forms the foot-plate of the 

+ ae an is fixed to the margin of the fenestra ovalis by ligamentous fibres. 
Pe wo crura the anterior is shorter and less curved than the posterior. 

ai gaments of the Ossicula.—These small bones are connected with each 
er, and with the walls of the tympanum, by ligaments, and moved by small 
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muscles. The articular surfaces of the malleus and incus, and the orbicular 
process of the incus and head of the stapes, are covered with cartilage, connected 
together by delicate capsular ligaments, and lined by synovial membrane. The 
ligaments connecting the ossicula with the walls of the tympanum are five in 
number: three for the malleus, one for the incus, and one for the stapes. 

The anterior ligament of the malleus was formerly described by Sommerring 
as a muscle (Lazxator tympani). It is now, however, believed by most observers 
to consist of ligamentous fibres only. It is attached by one extremity to the 
neck of the malleus, just above the processus gracilis, and by the other to 
the anterior wall of the tympanum, close to the Glaserian fissure, some of its 
fibres being prolonged through the fissure to reach the spine of the sphenoid. 

The superior ligament of the malleus is a delicate, round bundle of fibres 
which descends perpendicularly from the roof of the epitympanic recess to the 
head of the malleus. 

The external ligament of the malleus is a triangular plane of fibres passing 
from the posterior part of the notch in the tympanic ring (incisura Rivint) to 
the head of the malleus. 

The posterior ligament of the incus is a short, thick, ligamentous band which 
connects the extremity of the short process of the incus to the fossa incudis in 
the epitympanic recess. 

The inner surface and the circumference of the base of the stapes are 
covered with hyaline cartilage, and the annular ligament of the stapes connects 
the circumference of the base to the margin of the fenestra ovalis. 

A superior ligament of the incus has been described by Arnold, but it is little 
more than a fold of mucous membrane. 

The muscles of the tympanum are two: 


Tensor tympani. Stapedius, 


The Tensor tympani, the larger, is contained in the bony canal, above the 
osseous portion of the Eustachian tube, from which it is separated by the pro- 
cessus cochleariformis. It arises from the cartilaginous portion of the Eustachian 
tube and the adjoining part of the great wing of the sphenoid, as well as from 
the osseous canal in which it is contained. Passing backwards through the 
canal, it terminates in a slender tendon which enters the tympanum and makes 
a sharp bend outward round the extremity of the processus cochleariformis, and 
is inserted into the handle of the malleus, near its root. It is supplied by a 
branch from the otic ganglion. 

The Stapedius arises from the side of a conical cavity, hollowed out of the 
interior of the pyramid ; its tendon emerges from the orifice at the apex of the 
pyramid, and, passing forwards, is inserted into the posterior aspect of the neck 
of the stapes. Its surface is aponeurotic, its interior fleshy; and its tendon 
occasionally contains a slender bony spine, which is constant in some mammalia. 
It is supplied by a branch of the facial nerve. = 

Actions.—The Tensor tympani draws the membrana tympani inwards, and 
thus heightens its tension. The Stapedius draws the head of the stapes back- 
wards, and thus causes the base of the bone to rotate on a vertical axis drawn 
through its own centre: in doing this the back part of the base would be pressed 
inwards towards the vestibule, while the fore part would be drawn from it. It 
probably compresses the contents of the vestibule. 

The mucous membrane of the tympanum is continuous with the mucous 
membrane of the pharynx, through the Eustachian tube. It invests the ossicles, 
and the muscles and nerves contained in the tympanic cavity ; forms the internal 
layer of the membrana tympani, and the outer layer of the membrana tympani 
secundaria, and is reflected into the mastoid antrum and cells, which 1t lines 
throughout. It forms several vascular folds, which extend from the walls of the 
tympanum to the ossicles; of these one descends from the roof of the tympanum 
to the head of the malleus and upper margin of the body of the incus, a second 
invests the Stapedius muscle: other folds invest the chorda tympani nerve and 
the Tensor tympani muscle. These folds separate off pouch-like’ cavities, and 
give the interior of the tympanum a somewhat honeycomb appearance. One of 
these pouches is well marked, viz. the pouch of Prussak, which lies between the 
neck of the malleus and the membrana flaccida. Two other folds may be 
mentioned: they are formed by the mucous membrane which envelops the 
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chorda tympani nerve and are situated, one in front of, and the other behind the 
handle of the malleus; they are named the anterior and posterwr recesses of 
Troltsch. In the tympanum this membrane is pale, thin, slightly vascular and 
covered for the most part with columnar -ciliated epithelium, but over the 
pyramid, ossicula, and membrana tympani if possesses a flattened non-ciliated 
epithelium. In the antrum and mastoid cells its epithelium is also non-ciliated. 
In the osseous portion of the Eustachian tube the membrane is thin; but in the 
cartilaginous portion it is very thick, highly vascular, and provided with 
numerous mucous glands ; the epithelium which lines the tube is columnar and 
ciliated. k 

The arteries supplying the tympanum are six in number. Two of them are 
larger than the rest, viz. the tympanic branch of the internal maxillary, which 
supplies the membrana tympani ; and the stylo-mastoid branch of the posterior 
auricular, which supplies the back part of the tympanum and mastoid cells. 
The smaller branches are—the petrosal branch of the middle meningeal, which 
enters through the hiatus Fallopii; a branch from the ascending pharyngeal 
and another from the Vidian, which accompany the Eustachian tube; and the 
tympanic branch from the internal carotid, given off in the carotid canal and 
perforating the thin anterior wall of the tympanum. l 

The veins of the tympanum terminate in the pterygoid plexus, the superior 
petrosal sinus, and the middle meningeal vein. 

The nerves of the tympanum constitute the tympanic plexus, which ramifies 
upon the surface of the promontory. The plexus is formed by (1) the tympanic 
branch of the glosso-pharyngeal; (2) the small deep petrosal nerve; (3) the 
small superficial petrosal nerve ; and (4) a branch which joins the great super- 
ficial petrosal. 

The tympanic branch of the glosso-pharyngeal (Jacobson’s nerve) enters the 
tympanum by an aperture in its floor close to the inner wall and divides into 
branches, which ramify on the promontory and enter into the formation of the 
plexus. The small deep petrosal nerve from the carotid plexus of the sym- 
pathetic passes through the wall of the carotid canal, and joins the branches of 
Jucobson’s nerve. The branch to the great superficial petrosal passes through 
an opening on the inner wall of the tympanum in front of the fenestra ovalis. 
The small superficial petrosal nerve, derived from the otic ganglion, passes 
through a foramen in the middle fossa of the base of the skull (sometimes the 
foramen ovale), passes backwards and enters the petrous bone through a small 
aperture, situated external to the hiatus Fallopii on the anterior surface of this 
bone; it then courses downwards through the bone, and, passing by the gangli- 
form enlargement of the facial nerve, receives a connecting filament from it and 
enters the tympanic cavity, where it communicates with Jacobson’s nerve, and 
assists in forming the tympanic plexus. 

The branches of distribution of the tympanic plexus are supplied to the 
mucous membrane of the tympanum ; one special branch passing to the fenestra 
ovalis, another to the fenestra rotunda, and a third to the Eustachian tube. The 
small superficial petrosal may be looked upon as the continuation of the nerve 
of Jacobson through the plexus to the otic ganglion. 

In addition to the tympanic plexus there are the nerves supplying the 
muscles. The Tensor tympani is supplied by a branch from the third division of 
the fifth through the otic ganglion, and the Stapedius by the tympanic branch 
of the facial. 

The chorda tympani nerve crosses the tympanic cavity. It is given off from 
the facial, as it passes vertically downwards at the back of the tympanum, about 
a quarter of an inch before its exit from the stylo-mastoid foramen. It passes 
from below upwards and forwards in a distinct canal, and enters the cavity of 
the tympanum through an aperture, iter chorde posterius, already described 
(page 984), and becomes invested with mucous membrane. It passes forwards, 
through the cavity of the tympanum, crossing internal to the membrana tympani 
and over the upper part of the handle of the malleus to the anterior wall of 
the tympanum, and emerges from that cavity through the iter chorde anterius, 


or canal of Hugwer. It is invested by the fold of mucous membrane already 
mentioned. 
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INTERNAL EAR, OR LABYRINTH 


The internal ear is the essential part of the organ of hearing, receiving the 
ultimate distribution of the auditory nerve. Itis called the labyrinth, from the 
complexity of its shape, and consists of two parts : the osseous labyrinth, a series 
of cavities channelled out of the substance of the petrous bone, and the 
membranous labyrinth, the latter being contained within the former. 


THe Osseous LABYRINTH 


The osseous labyrinth consists of three parts: the vestibule, semicircular 
canals, and cochlea. These are cavities hollowed out of the substance of the 
bone, and lined by periosteum ; they contain a clear fluid, perilymph, or liquor 
Cotunnii, in which the membranous labyrinth is situated. 

The Vestibule (fg. 679) is the common central cavity of communication 
between the parts of the internal ear. It is situated on the inner side of the 
tympanum, behind the cochlea, and in front of the semicircular canals. It is 


Fie. 679,—The osseous labyrinth laid open. (Enlarged.) 







Opening o l eee 
Aqueductus vestibuli ae 
Bristle passed through 
foramen rotundum 


Opening of 
Aqueductus cochlee 


somewhat ovoid in shape from before backwards, flattened from within out- 
wards, and measures about one-fifth of an inch from before backwards, as well as 
from above downwards, and about one-eighth of an inch from without inwards. 
On its outer or tympanic wall is the fenestra ovalis, closed, in the recent state, 
by the base of the stapes, and its annular ligament. On its inner wall, at the 
fore part, is a small circular depression, the recessus sphericus, which is perforated, 
at its anterior and inferior part, by several minute holes (macula cribrosa media) 
for the passage of filaments of the auditory nerve to the saccule ; and behind 
this depression is a vertical ridge, the crista vestibuli. This ridge bifurcates 
below to enclose a small depression, the fossa cochlearis, which is perforated by 
a number of holes for the passage of filaments of the auditory nerve whic 

supply the posterior end of the ductus cochlearis. At the. hinder part of the 
inner wall is the orifice of the agueeductus vestibuli, which extends to the posterior 
surface of the petrous portion of the temporal bone. It transmits a small vein, 
and contains a tubular prolongation of the lining membrane of the vestibule, 
the ductus endolymphaticus, which ends in a cul-de-sac between: the layers of 
the dura mater within the cranial cavity. On the upper wall or roof is a 
transversely oval depression, the recessus ellipticus, separated from the recessus 
spheericus by the crista vestibuli already mentioned. Behind, the semicircular 
canals open into the vestibule by five orifices. In front is an elliptical opening, 
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which communicates with the scala vestibuli of the cochlea by an orifice, apertura 
scale vestibuli cochlee. . 

The semicircular canals are three bony canals, situated above and behind 
the vestibule. They are of unequal length, compressed from side to side, and 
describe the greater part of a circle. They measure about one-twentieth of an 
inch in diameter, and each presents a dilatation at one end, called the ampulla, 
which measures more than twice the diameter of the tube. These canals open 
into the vestibule by five orifices, one of the apertures being common to two of 
the canals. en: l A 

The superior semicircular canal, fifteen to twent millimetres in length, is 
vertical in .direction, and is placed transversely to the long axis of the petrous 
portion of the temporal bone; on the anterior surface of which its arch forms 
a round projection. It describes about two-thirds of a circle. Its outer 

extremity, which is ampullated, 
Fre. 680.—Transverse section of a human semi- communicates by a distinct ori- 
circular canal, after Riidinger. (Testut.) fice with the upper part of the 
vestibule; the opposite end of 
the canal, which is not dilated, 
joins with the upper part of the 
posterior canal to form the crus 
commune, which opens into the 
upper and inner part of the 
vestibule. 

The posterior semicircular 
canal, also vertical in direction, 
is directed backwards, nearly 
parallel to the posterior surface 
of the petrous bone; it is the 
longest of the three, measuring 
from eighteen to twenty-two 
millimetres ; its lower or ampul- 
lated end opens into the lower 
and back part of the vestibule, 
its opposite end joining to 
form the common canal already 
mentioned. 

The external or horizontal 
canal is the shortest of the three. 
It measures from twelve to 
fifteen millimetres, and its arch 
is directed outwards and back- 
wards ; thus each semicircular 
1. Bony semicircular canal. 2. Periosteum. 3. Membranous semi- canal stands at right angles to 


circular canal, with 4, papilliform processes on its internal surface. 


he aaa: peno be oe ae a Le peri- the other two. Its ampullated 
‘ . #rorous pands uniting the free surface of t = - a 
branous canal to the periosteum. 7, Vessels, 8. E e end corr esponds to the upper 


space. 9, 9. Perilymphatic space. and outer angle of the vestibule, 

just above the fenestra ovalis, 

where it opens close to the ampullary end of the superior canal; its opposite 

end opens by a distinct orifice at the upper and back part of the vestibule. 

‘The external canal of one ear is very nearly in the same plane as that of the 

other; while the superior canal of one ear is nearly parallel to the posterior 
canal of the other.’ * 

The Cochiea bears some resemblance to a common snail-shell: it forms the 
anterior part of the labyrinth, is conical in form, and placed almost horizontally 
in front of the vestibule ; its apex is directed forwards and outwards, with a 
slight inclination downwards, towards the upper and front part of the inner wall 
of the tympanum ; its base corresponds with the bottom of the internal auditor 
meatus, and is perforated by numerous apertures for the passage of the cochlear 
division of the auditory nerve. It measures nearly a quarter of an inch (five 
millimetres) from base to apex, and its breadth across the base is somewhat 
greater (about nine millimetres). It consists of a conical-shaped central axis, 





* Crum Brown, Journal of Anatomy and Physiology, vol. viii. 
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the modiolus or columella; of a canal, the inner wall of which is formed by the 
central axis, wound spirally around it for two turns and three-quarters, from 
the base to the apex, and of a delicate lamina (the lamina spiralis ossea) which 
projects from the modiolus, and, following the windings of the canal, partially 
subdivides into two. In the recent state a membrane, the membrana basilaris, 
stretches from the free border. of this lamina to the outer wall of the bony 
cochlea and completely separates the canal into two passages, which, however, 
communicate with each other at the apex of the modiolus by a small opening, 
named the helicotrema. 

The modtolus or columella is the central axis or pillar of the cochlea. It 
is conical in form, and extends from the base to the apex of the cochlea. Its 
base is broad, and appears at the bottom of the internal auditory meatus, where 
it corresponds with the area cochlew; it is perforated by numerous orifices, 
which transmit filaments of the cochlear division of the auditory nerve; the 
nerves for the first turn and a half pass through the foramina of the tractus 
spiralis foraminosus; those for the apical turn through the foramen centrale. 


Frc. 681.—The cochlea and vestibule, viewed from above. (Testut.) 





All the hard parts which form the roof of the internal ear have been removed with the saw. A. Cochlen. R. Vestibule. 
c. Internal auditory meatus, D. Tympanic cavity, 1. Lower border of fenestra ovalis. 2. Fissura vestibuli. 
3. Recessus sphericus. 4. Recessus ellipticus. 5. ‘Fossa cochlearis. 6. Orifice of the agquseductus vestibuli. 
7. Inferior opening of the posterior semicircular canal. 8. Non-ampullated end of external. semicircular canal, 
9. Scala tympani of the cochlea. ro. Scala vestibuli, rx. Cupola. x2. Lamina spiralis ossea, with ro’, its vestibular 
origin ; 12”, its external border. 13. Helicotrema. 14. Bony wall of cochlea. 


The foramina of the tractus spiralis foraminosus pass up through the modiolus 
and successively bend outwards to reach the attached margin of the lamina 
spiralis ossea. Here they become enlarged, and by their apposition form a 
spiral canal (canalis spiralis modioli), which follows the course of the attached 
margin of the lamina spiralis ossea and lodges the ganglion spirale (ganglion 
of Corti). The foramen centrale is continued as a canal up the middle of the 
modiolus to its apex. The modiolus diminishes rapidly in size in the second 
and succeeding coil. 

The bony canal of the cochlea (fig. 680) takes two turns and three-quarters 
round the modiolus. It is a little over an inch in length (about thirty millimetres) 
and diminishes gradually in size from the base to the summit, where it terminates 
in a cul-de-sac, the cupola, which forms the apex of the cochlea. The commence- 
ment of this canal is about the tenth of an inch in diameter; it diverges from 
the modiolus towards the tympanum and vestibule, and presents three openings. 
One, the fenestra rotunda, communicates with the tympanum; in the recent 

38 
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ate this aperture is closed by a membrane, the membrana tympani secundaria. 
a aare, of an elliptical form, enters the vestibule. The third is the 
aperture of the aqueductus cochleæ, leading to a minute funnel-shaped canal, 
which opens on the basilar surface of the petrous bone and transmits a small 
vein, and also forms a communication between the subarachnoid space of the 
kull and the scala tympani. . 
i The lamina speed omen is a bony shelf or ledge which projects outwards 
from the modiolus into the interior of the spiral canal, and, like the canal, 
takes two and three-quarter turns round the modiolus. It reaches about half- 
way towards the outer wall of the spiral tube, and partially divides its cavity 
into two passages or scale, of which the upper is named the scala vestibuli, 


Fria. 682.—The cochlea laid open. (Enlarged.) 


i Modiolus aK. 





while the lower is termed the scala tympani. Near the summit of the cochlea 
the lamina terminates in a hook-shaped process, the hamulus, which assists in 
forming the boundary of a small opening, the helicotrema, by which the two scale 
communicate with each other. From the canalis spiralis modioli numerous 
foramina pass outwards through the osseous spiral lamina as far ag its free 
edge. In the lower part of the first turn a second bony lamina (lamina spiralis 
secundaria) projects inwards from the outer wall of the bony tube; it does not, 
however, reach the primary osseous spiral lamina, so that if viewed from the 
vestibule a narrow fissure, the fissura vestibuli, is seen between them. 


Tue MEMBRANOUS LABYRINTH (fig. 683) 


The membranous labyrinth is lodged within the bony cavities just described, 
and has the same general form as the cavities in which it is contained ; it 
is, however, considerably smaller, and is separated from the bony walls by a 
quantity of fluid, the perilymph. It does not float loosely in this fluid, but in 
certain places is fixed to the walls of the cavity. The membranous labyrinth 
contains fluid, the endolymph, and on its walls the ramifications of the auditory 
nerve are distributed. 

Within the osseous vestibule the membranous labyrinth does not quite 
preserve the form of the bony cavity, but presents two membranous sacs, the 
utricle and the saccule. The wtricle is the larger of the two, of an oblong form, 
compressed laterally, and occupies the upper and back part of the vestibule, 
lying in contact with the recessus ellipticus and the part below it. That portion 
which is lodged in the recess forms a sort of pouch or cul-de-sac, the floor 
and anterior wall of which are much thicker than elsewhere, and form the 
macula acustica utricult, which receives the utricular filaments of the auditory 
nerve and has attached to its internal surface a layer of calcareous particles 
(otoliths). The cavity of the utricle communicates behind with the membranous 
semicircular canals by five orifices. From its anterior wall is: given off a 
small canal, the ductus utriculo-saccularis, which opens into the ductus endo- 
lymphaticus from:the saccule. 

The saccule is the smaller of the two vestibular sacs ; it is globular in form, 
and lies in the recessus spheericus near the opening of the scala vestibuli of the 
cochlea. Its anterior part exhibits an oval thickening, the macula acustica 
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sacculi, to which are distributed the saccular filaments of the auditory nerve. 
Its cavity does not directly communicate with that of the utricle. From the 
posterior wall is given off a canal, the ductus endolymphaticus; this duct is 
joined by the ductus utriculo-saccularis, and then passes along the aqueductus 
vestibuli and ends in a blind pouch on the posterior surface of the petrous 
portion of the temporal bone, where it is in contact with the dura mater. From 
the lower part of the saccule a short tube, the canalis reuniens of Hensen, passes 
downwards and outwards to open into the ductus cochlearis near its vestibular 
extremity (fig. 683). 

The membranous semicircular canals are about one-fourth of the diameter of 
the osseous canals, but in number, shape, and general form they are precisely 
similar, and each presents at one end an ampullary enlargement. They open by 
five orifices into the utricle, one opening being common to the inner end of the 
superior and the upper end of the posterior canal. In the ampulle the wall 
is thickened, and projects into the cavity as a fiddle-shaped, transversely placed 
elevation, the septwm transversum, in which the nerves end. 

The utricle, saccule, and membranous canals are held in position by 
numerous fibrous bands which stretch across the space between them and the 
bony walls. 

Štructure.—The walls of the utricle, saccule, and semicircular canals consist 
of three layers. The outer layer is a loose and flocculent structure, apparently 


Fig. 683.—The membranous labyrinth. (Enlarged.) 
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composed of ordinary fibrous tissue, containing blood-vessels and some pigment- 
cells. The middle hom thicker and more transparent, forms a homogeneous 
membrana propria, and presents on its internal surface, especially in the semi- 
circular canals, numerous papilliform projections, which, on the addition of acetic 
acid, exhibits an appearance of longitudinal fibrillation and elongated nuclei. 
The inner layer is formed of polygonal nucleated epithelial cells. In the 
maculæ of the utricle and saccule, and in the transverse septa of the ampullæ 
of the canals, the middle coat is thickened and the epithelium is columnar, and 
consists of supporting cells and hair-cells. The former are fusiform, and their 
deep ends are attached to the membrana propria, while their free extremities are 
united to form a thin cuticle. The hair-cells are flask-shaped, and their deep, 
rounded ends do not reach the membrana propria, but lie between the supporting 
cells. The deep part of each contains a large nucleus, while its more superficial 
part is granular and pigmented. The free end is surmounted by a long, tapering, 
hair-like filament, which projects into the cavity. The filaments of the auditory 
nerve enter these parts, and having pierced the outer and the thickened middle 
layers, they lose their medullary sheath, and their axis cylinders ramify between 
the hair-cells. “a 
Two small rounded bedies termed otoliths, and consisting of a mass of minute 
crystalline grains of carbonate of lime, held together in a mesh of — 
382 
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. 684.—Right human membranous labyrinth, removed from its bony enclosure and 
a i viewed from the antero-lateral aspect. (G. Retzius.) 
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Fig. 685.—The same from the postero-mesial aspect. (G. Retzius.) 
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1. External semicircular canal ; 1’, its ampulla. 2. Posterior canal ; 2’, its ampulla Superior canal ; 3’, its ampulla 
4. Conjoined limb of snperior and posterior canals (sinus utriculi NIREO). 4 Utricle. 5. a E y 
5”. Sinus utriculi posterior. 6. Ductus endolymphaticus, 7. Canalis utrieulo-saccularis. 8. Nerve to ampulla of 
superior canal, 9. Nerve to ampulla of external canal. xo, hows to recessus utriculi (in fig. 684 the three branches 
arne conjoined), 10’. Ending of nerve 1n recessus utriculi, 11. Facial nerve. roe. Lagena cochleæ, 13. Nerve of 
sa ) k within spiral lamina, 14. Basilar membrane. 15. Nerve-fibres to macula of saccule, 16. Nerve to ampulla 
ve Le amy canal. 17. Saccule. 18. Secondary membrane of tympanum. z9, Canalis reaniens, 20. Blind ending 
i T canal in vestibule. 2r, Outer wall of cochlea, 22. Spiral ligament, 2 3 Section of the seventh and eighth 

erves within internal auditory meatus (the separation between them is not apparent in the section). 
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fibrous tissue, are contained in the walls of the utricle and saccule opposite 
the distribution of the nerves. According to Bowman, a calcareous material 
is algo sparingly scattered in the cells lining the ampullæ of the semicircular 
canals. 

The membranous cochlea, ductus cochlearis, or scala media consists of a 
spirally arranged tube enclosed in the bony canal of the cochlea and lying along 
its outer wall. The manner in which it is formed will now be deseribed. 


Fre. 686.—Floor of scala media, showing the organ of Corti, &e. 
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As already stated, the osseous spiral lamina extends only part of the distance 
between the modiolus and the outer bony wall of the cochlea, while a, membrane, 
the membrana basilaris, stretches from its free edge to the outer wall of the 
cochlea, and completes the roof of the scala tympani. A second and more delicate 
membrane, the membrane of Reissner, extends from the thickened periosteum 


Fre. 687.—The lamina reticularis and subjacent structures. (Schematic. 
(Testut.) 





A. Internal pillar of Corti, with a, its plate. r. External pillar (in yellow), o. TunnelofCorti. D, Membrana basilaris, 
E. Inner hair-cells, 1, x’. Internal and external-borders of the membrana reticularis. 2, 2’, 2”. The three rows of 
circular holes (in blue). 3. First row of phalanges (in yellow). 4, 4’, 4”. Second, third, and fourth rows of phalanges 
(in red). 6, 6’, 6’, The three rows of outer hair-cells (in blue). 7, 7’, 7”, Cells of Deiters. 8. Cells of Olaudins. 


covering the lamina spiralis ossea to the outer wall of the cochlea, +o which it is 
i at some little distance from the outer edge of the membrana basilaris, 
A canal is thus shut off between the scala tympani below and the scala vestibuli 
above; this is the membranous canal of the cochlea, ductus cochlearis, or scala 
media. It is triangular on transverse section, its roof being formed by the 
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f Reissner, its outer wall by the periosteum which lines the bony 
Oe and its floor by the membrana pamm. and the outer part of the lamina 
spiralis ossea, on the former of which is placed the organ of Corti. Reissner’s 
membrane is thin and homogeneous, and is covered on its upper and under 
surfaces by a layer of epithelium. The periosteum, which forms the outer wall 
of the ductus cochlearis, is greatly thickened and altered in character, forming 
what is called the ligamentum spirale. It projects inwards below as a triangular 
prominence, the crista basilaris, which gives attachment to the outer edge of 
the membrana basilaris, and immediately above which is a concavity, the 
sulcus spiralis externus. The upper portion of the ligamentum spirale contains 
numerous capillary loops and small blood-vessels, and forms what is termed the 
stria vascularis. 
The lamina spiralis ossea consists of two plates of bone extending outwards ; 
between these are the canals for the transmission of the filaments of the auditory 
nerve. On the upper plate of that part of the osseous spiral lamina which is 
outside Reissner’s membrane the periosteum is thickened to form the kimbus 
lamine spiralis, and this terminates externally in a concavity, the sulcus spiralis 


Fig. 688.—Limbus lamine spiralis and membrana basilaris. (Schematic.) (Testut.) 
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1,1’. Upper and lower lamella of the lamina spiralis ossea. 2. Limbus Jamine spiralis, with a, the teeth of the first 
row ; ù, b’, theauditory teeth of the other rows ; c, c’, the interdental grooves and the cella which ure lodged in them. 
3. Bulcus spiralis internus, with 3’, its labium vestibulare, and 3, its labium tympanicum. 4. Foramina nervosa, 
giving passage to the nerves from the ganglion spirale or ganglion of Corti. 5s. Vasspirale. 6. Zona arcuata, and 

‘, zona pectinata of the basilar membrane, with a, its byaline layet; g, its connective-tissue layer. 7. Arch of 
Corti, with 7’, its inner rod, and 7'', its outer rod. 8. Feet.of the internal rods, from which the cells are removed. 
g. Feet of the external rods. 10, Membrane of Reissner, at its origin. 


internus, which presents, on section, the form of the letter C ; the upper part 
of the letter, formed by the overhanging. extremity of the limbus, is named the 
labium vestibulare; the lower part, prolonged and tapering, is called the labium 
tympanicum, and is perforated by numerous foramina (foramina nervosa) for 
the passage of the cochlear nerves. Externally, the labium tympanicum is 
continuous with the membrana basilaris. The upper surface of the labium 
vestibulare is intersected at right angles by a number of furrows, between which 
are numerous elevations ; these present the appearance of teeth along the free 
surface and margin of the labium, and have been named by Huschke the auditory 
teeth. The limbus is covered by a layer of what at first sight appears to be 
squamous epithelium, since the deeper parts of the cells occupy the intervals 
between the elevations and between the auditory teeth. This layer is continuous 
on the one hand with that which lines the sulcus spirals internus, and on 
the other with that which covers the under aspect of Reissner’s membrane. 
The basilar membrane may be divided into two areas, inner and outer. The 
inner 1s thin, and is named the zona arcuata: it supports the organ of Corti. 
The outer is thicker and striated, and is termed the zona pectinata, The under 
surface of the membrane is covered by a layer of vascular connective tissue. 
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One of these vessels in this tissue is somewhat larger than the rest, and is 
named the vas spirale; it lies below Cortvi’s tunnel. 

Organ of Corti.*—This organ (fig. 689) is situated upon the inner part of the 
membrana basilaris, and appears at first sight as a papilla, winding spirally 
throughout the whole length of the ductus cochlearis, from which circumstance 
it has been designated the papilla spiralis. More accurately viewed, it is seen 
to be composed of a remarkable arrangement of cells, which may be likened to 
the keyboard of a.pianoforte. Of these cells, the two central ones are rodlike 
bodies, and are called the inner and outer rods of Corti. Their bases are 
expanded and placed on the basilar membrane, at some little distance from each 
other, while their intermediate portions are inclined towards each other, so that 
the rods meet at their opposite extremities, and form a series of arches roofing 
over a minute tunnel, the tunnel of Corti, between them and the basilar mem- 
brane; this tunnel ascends spirally through the whole length of the cochlea. 

The inner rods, some 6,000 in number, rest by means of expanded foot- 
plates on the basilar membrane, close to the labium tympanicum ; they project 
obliquely upwards and outwards, and terminate above in expanded extremities, 
each of which resembles in shape the upper end of the ulna, with its sigmoid 


Fie. 689.—Section through the organ of Corti. Magnified. (G. Retzius.) 
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cavity, coronoid and olecranon processes. On the outer side of the rod, in 
the angle formed between it and the basilar membrane, is a nucleated mass of 
protoplasm ; while on the inner side is a row of epithelial cells (inner hatr-cells), 
surmounted by a brush of fine, stiff, hairlike processes. On the inner side of 
these cells are two or three rows of columnar supporting cells, which are. 
continuous with the cubical cells lining the sulcus spiralis internus. 

The outer rods, numbering about 4,000, also rest by broad foot-plates on the 
basilar membrane ; they incline upwards and inwards, and their upper extremity 
resembles the head and bill of a swan: the back of the head fitting into the 
concavity—the analogue of the sigmoid cavity—of one or more of the internal 
rods, and the bill projecting outwards as a phalangeal process of the membrana 
reticularis, presently to be described. l 

In the head of these outer rods is an oval portion, where the fibres of which 
the rod appears to be composed are deficient, and which stains more deeply with 
carmine than the rest of the rod. At the base of the rod, on its internal side— 
that is to say, in the angle formed by the rod with the basilar membrane— 
is a similar protoplasmic mass to that found on the outer side of the base of the 
innor rod; these masses of protoplasm are probably the undifferentiated portions 
of the cells from which the rods are developed. External to the outer rod are 


* Corti’s original paper is in the Zeitschrift f. Wissen. Zool. iii, 109. 
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three or four successive rows of epithelial cells, more elongated than those found 
on the internal side of the inner rod, but, like them, furnished with minute hairs 
or cilia. These are termed the outer hair-cells, in contradistinction to the inner 
hair-cells above referred to. The outer hair-cells number about 12,000, the 
inner about 3,500. 

The hair-cells are somewhat oval in shape; their free extremities are on 
a level with the heads of Corti’s rods, and from each some twenty fine hairlets 
project and are arranged in the form of a crescent, the concavity of which opens 
inwards. The deep ends of the cells are rounded and contain large nuclei: they 
only reach as far as the middle of Corti’s rods, and are in contact with the rami- 
fications of the nervous filaments. Between the rows of the outer hair-cells 
are rows of supporting cells, called the cells of Deiters; their expanded bases 
are planted on the basilar membrane, while the opposite end of each presents 
a clubbed extremity or phalangeal process. Immediately to the outer side of 
Deiters’s cells are some five or six rows of columnar cells, the supporting cells 
of Hensen. Their bases are narrow, while their upper parts are expanded and 
form a rounded elevation on the floor of the ductus cochlearis. The columnar 


Fie. 690.—Longitudinal section of the cochlea, 
showing the relations of the scale, the ganglion spirale, &e. 
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S.v. Scala vestibuli, S.T. Scala tympani. S.M, Scala media. L.S. Ligamentum spirale. 
G.8. Ganglion spirale. 


cells lying outside Hensen’s cells are termed the cells of Claudius. A space is 
seen between the outer rods of Corti and the adjacent hair-cells; this is called 
the space of Nuel. 

The lamina reticularis or membrane of Kölliker is a delicate framework 
perforated by rounded holes. It extends from the heads of the outer rods of 
Cortito the external row of the outer hair-cells, and is formed by several rows of 
‘minute fiddle-shaped cuticular structures,’ called phalanges, between which are 
circular apertures containing the free ends of the hair-cells. The innermost 
row of phalanges consists of the phalangeal processes of the outer rods of Corti : 
the outer rows are formed by the modified free ends of Deiters’s cells. 

Covering over these structures, but not touching them, is the membrana 
tectorta, or membrane of Corti, which is attached to the limbus lamine spiralis 
close to the inner edge of the membrane of Reissner. Itis thin near its inner 
margin, and overlies the auditory teeth of Huschke. Its outer half is thick. and 
ere tomer oe Onpa = hair-cells, is a clear band, named Hensen’s 

; xternally, the membrane becomes much thin i 
outer row of E cells (Retzius). a oa 
i The inner surface of the osseous labyrinth is lined by an exceedingly thin 
ro-serous membrane, analogous to a periosteum, from its close adhesion to the 
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inner surfaces of these cavities, and performing the office of a serous membrane 
by its free surface. It lines the vestibule, and from this cavity is continued into 
the semicircular canals and the scala vestibuli of the cochlea, and through the 
helicotrema into the scala tympani. A delicate tubular process is prolonged 
along the aqueduct of the vestibule to the inner surface of the dura mater. This 
membrane 1s continued across the fenestra ovalis and rotunda, and consequently 
has no communication with the lining membrane of the tympanum. Its attached 
surface is rough and fibrous, and closely adherent to the bone; its free surface is 
smooth and pale, covered with a layer of epithelium, and secretes a thin, limpid 
fluid, the perilymph. 

The ductus cochlearis or scala media is closed above and below. The upper 
blind extremity is termed the lagena, and is attached to the cupola at the upper 
part of the helicotrema; the lower end is lodged in the recessus cochlearis of the 
vestibule. Near this blind extremity, the scala media receives the canalis reuniens 
of Hensen (fig. 683), a very delicate canal, by which the ductus cochlearis is 
brought into continuity with the saccule. 

The arteries of the labyrinth are the internal auditory, from the basilar, and 
the stylo-mastoid, from the posterior auricular. The internal auditory divides at 
‘the bottom of the internal meatus into two branches: cochlear and vestibular. 

The cochlear branch subdivides into twelve or fourteen twigs, which traverse 
the canals in the modiolus, and are distributed, in the form of a capillary network, 
in the lamina spiralis and basilar membrane. 

The vestibular branches accompany the nerves, and are distributed, in the 
form of a minute capillary network, in the substance of the membranous 
labyrinth. 

The veins (auditory) of the vestibule and semicircular canals accompany the 
arteries, and, receiving those of the cochlea at the base of the modiolus, terminate 
in the posterior part of the superior petrosal sinus or in the lateral sinus. 

The auditory nerve, the special nerve of the sense of hearing, divides, at the 
bottom of the internal auditory meatus, into two branches, the cochlear and 
vestibular. 

The vestibular nerve, the posterior of the two, presents, as it lies in the 
internal auditory meatus, a ganglion, the ganglion of Scarpa, the cells of which 
constitute the real origin of the nerve; it divides into three branches, which pass 
through minute openings at the upper and back part of the bottom of the meatus 
(area vestibularis superior), and, entering the vestibule, are distributed to the 
utricle and to the ampulle of the external and superior semicircular canals. 

The nervous filaments enter the ampullary enlargements opposite the septum 
transversum, and arborise around the hair-cells. In the utricle and saccule the 
nerve-fibres pierce the membrana propria of the macule, and end in arborisations 
round the hair-cells. 

The cochlear nerve gives off the branch to the saccule, the filaments of which 
are transmitted from the internal auditory meatus through the foramina of the 
area vestibularis inferior, which lies at the lower and back part of the floor 
of the meatus. It also gives off the branch for the ampulla of the posterior 
semicircular canal, which leaves the meatus through the foramen singulare. 

The rest of the cochlear nerve divides into numerous filaments at the base of 
the modiolus ; those for the basal and middle coils pass through the foramina in 
the tractus foraminosus, those for the apical coil through the canalis centralis, 
and the nerves bend outwards to pass between the lamellæ of the osseous spiral 
lamina. Occupying the spiral canal of the modiolus is the ganglion spirale, con- 
sisting of bipolar nerve-cells, which really constitute the true cells of origin of 
this nerve, one pole being prolonged centrally to the brain and the other peri- 
pherally to the hair-cells of Corti’s organ. Reaching the outer edge of the osseous 
spiral lamina, they pass through the foramina in the labium tympanicum ; some 
end by arborising around the bases of the inner hair-cells, while others pass 
between Corti’s rods and through the tunnel, to terminate in a similar manner in 
relation to the outer hair-cells. 


Surgical Anatomy.—Malformations, such as imperfect development of the external 
parts, absence of the meatus, or supernumerary auricles, are occasionally met with. Or 
the pinna may present a congenital fistula, which is due to defective closurc of the first 
visceral cleft, or rather of that portion of it which is not concerned in the formation of 
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the Eustachian tube, tympanum, and meatus. The skin of the auricle is thin and 
richly supplied with blood, but in spite of this it is often the seat of frost-bite, due 
to the fact that it is much exposed to cold, and lacks the usual underlying subcutaucous 
fat found in most other parts of the body. A collection of blood is sometimes found 
between the cartilage and perichondrium (hematoma auris), usually the result of 
traumatism, but not necessarily due to the cause. It is said to occur most frequently m 
the ears of the insane. Keloid sometimes grows in the auricle around the puncture made 
for earrings, and epithelioma occasionally affects this part. Deposits of urate of soda are 
often met with in the pinna in gouty subjects. 

The external auditory meatus can be most satisfactorily examined by light reflected 
down a funnel-shaped speculum; by gently moving the latter in diflerent directions the 
whole of the canal and membrana tympani can be brought into view. The points to be 
noted are, the presence of wax or foreign bodies ; the size of the canal; and the condition 
of the membrana tympani. Accumulation of wax is often the cause of deafness, and may 
give rise to very serious consequences, causing ulceration of the mmwembrane and even 
absorption of the bony wall of the canal. Foreign bodies are not infrequently introduced 
into the ear by children, and, when situated in the first portion of the canal, may be 
removed with tolerable facility by means of a minute hook or loop of fine wire, aided by 
reflected light ; but when they have slipped beyond the narrow middle part of the meatus, 
their removal is in no wise easy, and attempts to effect it, in inexperienced hands, may 
be followed by destruction of the membrana tympani and possibly the contents of the 
tympanum. The calibre of the external auditory canal may be narrowed by inflammation 
of its lining membrane, running on to suppuration; by periostitis; by polypi, scbaceous 
tumours, and exostoses. The membrana tympani, when seen in a healthy car, ‘retlects 
light strongly, and, owing to its peculiar curvature, presoats a bright avea of triangular 
shape at its lower and anterior portion.’ From tho apex of this, proceeding upwards and 
slightly forwards, is a white streak formed by the handle of the malleus, while near the 
upper part of the membrane may be secn a slight projection, caused by the short process 
of the malleus. In disease, alterations in colour, lustre, curvature or inelination, and 
perforation must be noted. Such perforations may be caused by a blow, loud report, 
a wound, or as the result of suppuration in the middle ear. 

The upper wall of the meatus is separated from the cranial cavity by a thin plate of 
bone; the anterior wall is separated from the temporo-imandibular joint and parotid 
gland by the bone forming the glenoid fossa; and the posterior wall is in relation with 
the mastoid cells, hence inflammation of the external auditory meatus may readily 
extend to the membranes of the brain, to the temporo-mandibular joint, or to the mastoid 
one and, in addition to this, blows on the chin may cause fracture of the wall of the 
meatus, 

The nerves supplying the meatus are, the auricular branch of the preumogastric, the 
auriculo-temporal, and the great auricular. The connections of these nerves explain 
the fact of the occurrence, in cases of any irritation of the meatus, of constant coughing 
and sneezing, from implication of the pneumogastric, or of yawning from implication of 
the auriculo-temporal. No doubt alsd the association of earache with toothache in 
cancer of tho tongue is due to implication of the same nerve, a branch of the fifth, which 
supplies also the teeth and the tongue. The vessels of the meatus and membrana 
tympani are derived from the posterior auricular, temporal, and internal maxillary 
arteries. The upper half of the membrana tympani is much more richly supplied with 
blood than the lower half. For this reason, and also to avoid the chorda tympani 
nerve and ossicles, incisions through the membrane should be made at the lower and 
posterior part. 

_ The principal point in connection with the surgical anatomy of the tympanum is 
its relations to other parts. Its roof is formed by a thin plate of bone, which, with the 
dura mater, is all that separates it from the temporal lobe of the brain. Its floor is 
immediately above the jugular fossa behind and the carotid canal in front. Its posterior 
wall presents the openings of the mastoid cells. On its anterior wall is the opening of 
the Eustachian tube. Thus it follows that in disease of the middle car we may get subdural 
abscess, septice meningitis, or abscess of the cerebrum or cerebellum, from extension of 
the inflammation through the bony roof; thrombosis of the lateral sinus, with or without 
pyæmia, by extension through the toor; or mastoid abscess, by extension backwards. 
In addition to this, fatal hemorrhage may occur from the internal carotid in destructive 
changes of the middle ear. And in throat discase the inflammation may extend up the 
Kustachian tube to the middle ear. The Eustachian tube is accessible from the nose. 
If the nose and mouth be closed, and an attempt made to expire air, & sense of pressure 
with dulness of hearing is produced in both ears, from the air finding its way up 
the Eustachian tube and bulging out the membrana tympani. During the act of 
swallowing, tho pharyngeal orifice of the tube, which is normally closed, is opened, 
probably by the action of the Dilator tub muscle. This fact was employed by Politzer 
ue bi an oy e inflating the tube. Tho nozzle of an indiarubber syringe 

a nostril; the patient takes a mouthful of water and holds it in bis 

mouth; both nostrils are closed with the finger and thumb to prevent the escape of air, 
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and the patient is then requested to swallow; as he does so, the air is forced out of the 
syringe into his nose, and is driven into the Eustachian tube, which is now open. The 
impact of the air against the membrana tympani can be heard, if the membrane is 
sound, by means of a piece of indiarubber tubing, one end of which is inserted into the 
meatus of the patient’s ear, the other into that of the surgeon. The direct examination 
of the Eustachian tube is made by the Eustachian catheter. This is passed along the 
floor of the nostril, close to the septum, with the point touching the floor, to the posterior 
wall of the pharynx. When this is felt, the catheter is to be withdrawn about half an 
inch, and the point rotated outwards through a quarter of a circle and pushed again 
slightly backwards, when it will enter the orifice of the tube, and will be found to be 
caught, and air forced into the catheter will be heard impinging on the tympanic 
membrane, if the ears of the patient and surgeon are connected by an indiarubber tube. 


ORGANS OF VOICE AND 
RESPIRATION 


THe LARYNX 


HE Larynx is the organ of voice, and is placed at the upper part of the air- 
T passage. It is situated between the trachea and base of the tongue, at 
the upper and fore part of the neck, where it forms a considerable projection in 
the aie line. On either side of it lie the great vessels of the neck; behind, 
it forms part of the boundary of the pharynx, and is covered by the mucous 
membrane lining that cavity. Its vertical extent corresponds to the fourth, 
fifth, and sixth cervical vertebræ, but it is placed somewhat higher in the female 
and also during childhood. In- infants between six and twelve months of age 
Symington found that the tip of the epiglottis was a little above the level of 
the cartilage between the odontoid process and body of the axis, and that 
between infancy and adult life the larynx descends for a distance equal to two 
vertebral bodies and two intervertebral dises. According to Sappey the average 
measurements of the adult larynx are as follows: 


In males In females 
Vertical diameter ; : 44 mm. 36 mm. 
Transverse diameter . : ; 43 AY ee 5: 
Antero-posterior diameter . BO 26 , 
Circumference . ! . SG so, i2 ,, 


Until puberty the larynx of the male and that of the female differ little in 
size. In the female its further increase at puberty is only slight, whereas in 
the male it is great; all the cartilages are enlarged and the thyroid becomes 
prominent as the pomum Adami in the middle line of the neck, while the length 
of the glottis is nearly doubled. 

The larynx is broad above, where it presents the form of a triangular box, 
flattened behind and at the sides, and bounded in front by a prominent vertical 
ridge. Below, it is narrow and cylindrical. It is composed of cartilages, which 
are connected together by ligaments and moved by numerous muscles. It is 
lined by mucous membrane, which is continuous above with that of the pharynx 
and below with that of the trachea. 


The Cartilages of the Larynx are nine in number, three single, and three 
paired, as follows : 


Thyroid. Two Arytenoid. 
Cricoid. | Two Cornicula laryngis. 
Epiglottis. Two Cuneiform. 


_ The thyroid (dupeds, a shield) is the largest cartilage of the larynx. It con- 
sists of two lateral lamelle or ale, united at an acute angle in front, forming a 
vertical projection in the middle line which is prominent above, and called the 
pomum Adam. This projection is subcutaneous, more distinct in the male 
than in the female, and occasionally separated from the integument by a bursa 
mucosa, 

__ Hach lamella is quadrilateral in form. Its outer surface presents an oblique 
ridge, which passes downwards and forwards from a tubercle, situated near the 
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root of the superior cornu, to another on the lower border. This ridge gives 
attachment to the Sterno-thyroid and Thyro-hyoid muscles, and the portion of 
cartilage included between it and the posterior border to part of the Inferior 
constrictor muscle. 

The inner surface of each ala is smooth, slightly concave, and covered by 
mucous membrane above and behind; but in front, in the receding angle 
formed by the junction of the alæ, are attached the epiglottis, the true and 
false vocal cords, the Thyro-arytenoid and Thyro-epiglottidean muscles, and 
the thyro-epiglottidean ligament. 

The upper border of the thyroid cartilage is sinuously curved, being concave 
at its posterior part, just in front of the superior cornu, then rising into a convex 
outline, which dips in front to form the sides of a notch, the thyroid notch, in 
the middle line, immediately above the pomum Adami. This border gives 
attachment throughout its whole extent to the thyro-hyoid membrane. 

The lower border is nearly straight in front, but behind, close to the cornu, 
is concave. It is connected to the cricoid cartilage, in and near the median line, 
by the middle portion of the crico-thyroid 
membrane; and, on each side, by the Crico- Fre. 691.—Side view of the thyroid 
thyroid muscle. and cricoid cartilages. 

The posterior borders, thick and rounded, @ 
terminate, above, in the superior cornua, and 
below, in the inferior cornua. The two supe- ae 
rior cornua are long and narrow, directed $ pO vip 
upwards, backwards, and inwards, and ter- wee 


minate in conical extremities, which give anne at 


ti 


; A ai TA 
attachment to the lateral thyro-hyoid liga- Moia — a 
€ 


ments. The two inferior cornua are short y A i 
and thick; they pass downwards, with a 
slight inclination forwards and inwards, and 
each presents, on its inner surface, a small 
oval articular facet for articulation with the 
side of the cricoid cartilage. The posterior 
border receives the insertion of the Stylo- 
pharyngeus and Palato-pharyngeus muscles 
on each side. 

During infancy the ale of the thyroid 
cartilage are joined to each other by a 
narrow, lozenge-shaped strip, named the 
intrathyrou cartilage. This strip extends 
from the upper to the lower border of the car- 
tilage in the middle line, and is distinguished 
from the ale by being more transparent and 
more flexible. 

The cricoid cartilage is so called from its 
resemblance to a signet ring (xpixos, a ring). It is smaller, but thicker and 
stronger than the thyroid cartilage, and forms the lower and back parts of the 
cavity of the larynx. It consists of two parts: a quadrate portion, situated 
behind, and a narrow ring or arch, one-fourth or one-fifth of the depth of the 
posterior part, situated in front. The posterior square portion rapidly narrows 
at the sides of the cartilage, at the expense of the upper border, into the anterior 

ortion. 
i Its posterior portion is very deep and broad, and measures from above 
downwards about an inch (two to three centimetres); it presents, on its 
posterior surface, in the middle line, a vertical ridge for the attachment of the 
longitudinal fibres of the œsophagus; and on either side a broad depression 
for the Crico-arytenoideus posticus muscle. 

Its anterior portion is narrow and convex, and measures vertically about 
one-fourth or one-fifth of an inch (‘7 to ‘5 centimetre); it affords attachment 
externally in front and at the sides to the Crico-thyroid muscles, and behind, 
to part of the Inferior constrictor. l 

At the point of junction of the posterior quadrate portion with the rest of 
the cartilage is a small round elevation on each side, for articulation with the 
inferior cornua of the thyroid cartilage. 


‘fat 


ve 





1006 ORGANS OF VOICE AND RESPIRATION 
The lower border of the cricoid cartilage is horizontal, and connected to the 
ing of the trachea by fibrous membrane. 
tie mm border is ea obliquely upwards and backwards, owing to the 
great depth of the posterior surface. It gives attachment, m front, to the middle 
portion of the crico-thyroid membrane ; ab the sides, to the lateral portions of 
the same membrane and to the lateral Crico-arytenoid muscles; behind, it 


presents, in the middle, a shallow notch, and on each side of this is a smooth, 
oval surface, directed upwards 


Fic. 692.—The cartilages of the larynx. and outwards, for articulation 
Posterior view. i with the base of the arytenoid 
cartilage. 


The inner surface of the 
cricoid cartilage is smooth, and 
lined by mucous membrane. 

The arytenoid cartilages 
are two in number, and situ- 
ated at the upper border of 
the cricoid cartilage,- at the 
back of the larynx. Each 
cartilage is pyramidal in form, 
and presents for examination 
three surfaces, a base, and an 
apex. 

The posterior surface is 
triangular, smooth, concave, 
and gives attachment to the 
Arytenoid muscle. 

The antero-external surface 
is somewhat convex and rough. 
It presents rather below its 
centre a transverse ridge, to 
the inner extremity of which 
is attached the false vocal 
cord; to the outer part, as well 
as to the surfaces above and 
Cuneiform cartilage » below it, the Thyro-arytenoid 
muscle is inserted. 

The «ternal surface is 
m Posterior narrow, smooth, and flattened, 
p erag covered by mucous membrane, 

begas) N and forms the lateral boundary 
Aryteroid cartilages, base of the respiratory part of the 
glottis. l 

The base of each cartilage is 
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-ARYTENOID 


Insertion of 
Crico-arytenoideus 
posticus et lateralis 


ORICOID broad, and presents a concave 
Articular facet for smooth surface, for articula- 
arytenoid cartilage tion with the cricoid cartilage. 
Articular facet for KH Two of its angles require 

inferior cornu of AF special mention: the external, 


thyroid cartilage which is short, rounded, and 


prominent, projects backwards 
and outwards, and is termed 


. the muscular process ; it gives 
insertion to the Posterior crico-arytenoid muscle behind and to the Lateral 


crico-arytenoid in front. The anterior angle, also prominent, but more pointed, 
projects horizontally forwards, and gives attachment to the true vocal cord. 
This angle is called the vocal process. 


The apex of each cartilage is pointed, curved backwards: and inwards, 
apd surmounted by a small conical, cartilaginous nodule, the corniculum 
aryngis, 

The cornicula laryngis (cartilages of Santorini) are two small conical nodules, 
consisting of yellow elastic cartilage, which articulate with the summit of the 
arytenoid cartilages and serve to prolong them backwards and inwards. They 
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are situated in the posterior part of the aryteno-epiglottidean folds of mucous 
membrane, and are sometimes united to the arytenoid cartilages. 

The cuneiform cartilages (cartilages of Wrisberg) are two small, elongated 
pieces of yellow elastic cartilage, placed one on each side, in the aryteno- 
epiglottidean fold, where they give rise to small whitish elevations on the inner 
surface of the mucous membrane, just in front of the arytenoid cartilages. 

The epiglottis is a thin lamella of fibro-cartilage, of a yellowish colour, 
shaped like a leaf, and placed behind the tongue in front of the superior opening 
of the larynx. Its free extremity is broad and rounded; its attached part is 
long, narrow, and connected to the receding angle between the two ale of the 
thyroid cartilage, just below the median notch, by a ligamentous band, the 
thyro-epiglottic ligament. Its anterior surface is connected to. the upper border 
S the body of the hyoid bone by an elastic ligamentous band, the hyo-epiglottic 
wament, 

Its anterior or lingual surface is curved forwards towards the tongue, and 
covered at its upper, free part by mucous membrane, which is reflected on to 
the sides and base of the organ, forming a median and two lateral folds, the 
glosso-epiglottidean folds; the lateral folds are partly attached to the wall of 
the pharynx. The depressions between the epiglottis and the base of the tongue, 
on either side of the median fold, are named the vallecule. The lower part 
of its anterior surface lies behind the hyoid bone, the th ro-hyoid membrane, 
and upper part of the thyroid cartilage, but is separated from these structures 
by a mass of fatty tissue. 

Its posterior or laryngeal surface is smooth, concave from side to side, 
concavo-convex from above downwards; its lower part projects backwards as 
an elevation, the tubercle or cushion; when the mucous membrane is removed, 
the surface of the cartilage is seen to be studded with a number of small 
mucous glands, which are lodged in little pits upon its surface. To its sides 
the aryteno-epiglottidean folds are attached. 

Structure.—The cornicula laryngis and cuneiform cartilages, the epiglottis, 
and the apices of the arytenoids are composed of yellow fibro-cartilage, which 
shows little tendency to calcification ; on the other hand the thyroid, cricoid, 
and the greater part of the arytenoids consist of hyaline cartilage, and become 
more or less ossified as age advances. Ossification commences about the 
twenty-fifth year in the thyroid cartilage, somewhat later in the cricoid and 
arytenoids ; by the sixty-fifth year these cartilages may be completely converted 
into bone. 

Ligaments.—The ligaments of the larynx are extrinsic, i.e. those connecting 
the thyroid cartilage and epiglottis with the hyoid bone, and the cricoid cartilage 
with the trachea; and intrinsic, those which connect the several cartilages of 
the larynx to each other. 

The ligaments connecting the thyroid cartilage with the hyoid bone are 
three in number—the thyro-hyoid membrane, and the two lateral thyro-hyoid 
ligaments. 

The thyro-hyoid membrane, or middle thyro-hyoid ligament, is a broad, fibro- 
elastic, membranous layer, attached below to the upper border of the thyroid 
cartilage, and above to the upper margin of the posterior surface of the body 
and greater cornua of the hyoid bone, thus passing behind the posterior surface 
of the body of the hyoid, and being separated from it by a synovial bursa, which 
facilitates the upward movement of the larynx during deglutition. It is thicker 
in the middle line than at either side, and is pierced, in the latter situation, 
by the superior laryngeal vessels and the internal laryngeal nerve. Its anterior 
surface is in relation with the Thyro-hyoid, Sterno-hyoid, and Omo-hyoid muscles, 
and with the body of the hyoid bone. 

The two lateral thyro-hyoid ligaments are round, elastic cords, which pass 
between the superior cornua of the thyroid cartilage and the extremities of the 
greater cornua of the hyoid bone. A small cartilaginous nodule (cartilago triticea) 
sometimes bony, is frequently found in each. 

The ligament connecting the epiglottis with the hyoid bone is the hyo- 
eprglottic. In addition to this extrinsic ligament, the epiglottis is connected to 
the tongue by the three glosso-epiglottidean folds of mucous membrane, which 
may also be considered as extrinsic ligaments of the epiglottis. 

The hyo-epiglotiie ligament is an elastic band, which extends from the anterior 
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surface of the epiglottis, near its apex, to the upper border of the body of the 
hyoid bone. ar 

The ligaments connecting the thyroid cartilage to the cricoid are also three 
in number—the crico-thyroid membrane, and the capsular ligaments. _ 

The crico-thyroid membrane is composed mainly of yellow elastic tissue. It. 
consists of three parts, a central, triangular portion and two lateral portions. 
The central part is thick and strong, narrow above and broad below. It con- 
nects together the contiguous margins of the thyroid and cricoid cartilages. 
It is convex, concealed on each side by the Crico-thyroid muscle, but sub- 
cutaneous in the middle line; it is crossed horizontally by a small anastomotic 
arterial arch, formed by the junction of the two crico-thyroid arteries. The 
lateral portions are thinner and lie close under the mucous membrane of the 
larynx. They extend from the superior border of the cricoid cartilage to 
the inferior margin of the true vocal cords, with which they are continuous, so 
that these cords may be regarded as the free borders of the lateral portions 
of the crico-thyroid membrane. They extend from the vocal processes of the 
arytenoid cartilages to the receding angle of the thyroid cartilage near its centre. 

The lateral portions are lined internally by mucous membrane, and covered 
by the lateral Crico-arytenoid and Thyro-arytenoid muscles. 

A capsular ligament encloses the articulation of the inferior cornu of the 
thyroid with the cricoid cartilage on each side, strengthened posteriorly by a 
well-marked fibrous band. The articulation is lined by synovial membrane. 

The ligaments connecting the arytenoid cartilages to the cricoid are two 
capsular ligaments, and two posterior crico-arytenoid ligaments. The capsular 
ligaments are thin and loose capsules attached to the margin of the articular 
surfaces ; they are lined internally by synovial membrane. The posterior crico- 
arytenoid ligaments extend from the cricoid to the inner and back part of the 
base of the arytenoid cartilage. 

The ligament connecting the epiglottis with the thyroid cartilage is the 
thyro-epiglottic. 

The thyro-epiglotiic ligament is a long, slender, elastic cord which connects 
the apex of the epiglottis with the receding angle of the thyroid cartilage, 
immediately beneath the median notch, above the attachment of the vocal cords. 

The crico-tracheal ligament connects the cricoid cartilage with the first ring of 
the trachea. It resembles the fibrous membrane which connects the cartilaginous 
rings of the trachea to each other. 

The Joints of the Larynx.—The articulation between the inferior cornu of the 
thyroid cartilage and the cricoid cartilage on each side is a diarthrodial one, and 
permits of a rotatory and gliding movement. The rotatory movement is one in 
which the inferior cornua of the thyroid cartilage rotate upon the cricoid cartilage 
around an axis passing transversely through both joints. The gliding mevement 
consists in a limited shifting of the cricoid on the thyroid in different directions. 

The articulation between, the arytenoid cartilages and the cricoid is also a 
diarthrodial one, and permits of two varieties of movement: one a rotation of 
the arytenoid on a vertical axis, whereby the vocal process is moved outwards or 
inwards, and the opening of the rima glottidis increased or diminished; the 
other is a gliding movement, and allows the arytenoid cartilages to approach or 
recede from each other. The two movements are associated, the gliding inwards 
being connected with inward rotation, and the gliding outwards with outward 
rotation. The posterior crico-arytenoid ligaments prevent any forward move- 
ment of the arytenoid cartilages on the cricoid. 

Interior of the Larynx.—The cavity of the larynx extends from its superior 
aperture to the lower border of the cricoid cartilage. It is divided into two 
parts by the projection inwards of the true vocal cords, between which is a 
narrow triangular fissure or chink, the rima glottidis. The portion of the cavity 
of the larynx above the true vocal cords, sometimes called the vestibule, is broad 
and triangular in shape, and corresponds to the interval between the ale of the 
thyroid cartilage; it contains’ the false vocal cords, and between these and the 
true vocal cords are the ventricles of the larynx. The portion below the true 
vocal cords widens out, and is at first of an elliptical and lower down of a cireular 
form, and is continuous with the tube of the trachea. 

The superior aperture of the laryng (fig. 693) is a triangular or cordiform 
opening, wide in front, narrow behind, and sloping obliquely downwards and 
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backwards. It is bounded, in front, by the epiglottis ; behind, by the apices of 
the arytenoid cartilages and the cornicula laryngis; and laterally, by folds of 
mucous membrane, enclosing ligamentous and muscular fibres, stretched between 
the sides of the epiglottis and the apices of the arytenoid cartilages: these are 
the aryteno-epiglotiidean folds, on the margins of cake the cuneiform cartilages 
form more or less distinct whitish prominences. 

The rima glottidis is the elongated fissure or chink between the inferior 
or true vocal cords in front, and between the bases and vocal processes of 
the arytenoid cartilages behind. It is therefore frequently subdivided into 
an anterior interligamentous or vocal portion (glottis vocalis) and a posterior 
intercartilaginous or respiratory part (glottis respiratoria). Posteriorly it is 
limited by the mucous membrane passing between the arytenoid cartilages. 
The vocal portion averages about three-fifths of the length of the entire aperture. 
The rima glottidis is the narrowest part of the cavity of the larynx, and its level 
corresponds with the bases of the arytenoid cartilages. Its length, in the male, 
measures rather less than an inch (twenty-three millimetres); in the female it is 
shorter by five or -six millimetres, or three lines. The width and shape of the 
rima glottidis vary with the movements of the vocal cords and arytenoid 


Fra. 693.—Larynx, viewed from above. (Testut.) 
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cartilages during respiration and phonation. In the condition of rest, i.e. when 
these structures are uninfluenced by muscular action, as in quiet respiration, the 
glottis vocalis is triangular, with its apex in front and its base behind—the latter 
being represented by a line, about eight millimetres long, connecting the anterior 
extremities of the vocal processes, while the inner surfaces of the arytenoids are 
parallel to each other, and hence the glottis respiratoria is rectangular. During 
extreme adduction of the cords, as in the emission of a high note, the glottis 
vocalis is reduced to a linear slit by the apposition of the cords, while the glottis 
respiratoria is triangular, its apex corresponding to the anterior extremities of 
the vocal processes of the arytenoids, which are approximated by the inward rota- 
tion of the cartilages. Conversely in extreme abduction of the cords, as in forced 
inspiration, the arytenoids and their vocal processes are rotated outwards, and 
the glottis respiratoria is triangular in shape but with its apex directed backwards. 
In this condition the entire glottis is somewhat lozenge-shaped, the sides of the 
glottis vocalis diverging from before backwards, those of the glottis respiratoria 
diverging from behind forwards—the widest part of the aperture corresponding 
with the attachment of the cords to the vocal processes. ) 

The superior or false vocal cords, so called because they are not directly con- 
cerned in the production of the voice, are two thick folds of mucous membrane, 
enclosing a narrow band of fibrous tissue, the superior thyro-arytenoid ligament, 


which is attached in front to the angle of the thyroid cartilage a 
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the attachment of the epiglottis, and behind to the antero-external surface of the 
arytenoid cartilage, a short distance above the vocal process. The lower border 
of this ligament, enclosed in mucous membrane, forms a free crescentic margin, 
which constitutes the upper boundary of the ventricle of the larynx. 

The inferior or true vocal cords, so called from their being concerned in the 
roduction of sound, are two strong bands, named the inferior thyro-arytenoid 
igaments. Hach ligament consists of a band of yellow elastic tissue, attached 

in front to the depression between the two alz of the thyroid cartilage, and 
behind to the vocal process of the base of the arytenoid. . Its lower border is 
continuous with the thin lateral part of the crico-thyroid membrane. Its upper 
border forms the lower boundary of the ventricie of the larynx. Externally, the 
Thyro-arytenoideus muscle lies parallel with it. It is ‘covered internally by 
mucous membrane, which is ex- 

Fie. 694.—Vertical section of the larynx and tremely thin, and closely adherent 

upper part of the trachea. to its surface. 

The ventricle of the larynx is 
an oblong fossa, situated between 
the superior and inferior vocal 
cords on each side, and extending 
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pi externally, by the mucous mem- 

brane covering the corresponding 

dy ys 4 Thyro-arytenoideus muscle. The 

ventricle XAG ell ame Arytencideus anterior part of the ventricle leads 

between then \\ E muscle up by a narrow opening into m 

Ñ A cæcal pouch of mucous mem- 

brane of variable size, called the 
sacculus laryngis. 

The sacculus laryngis, or la- 
ryngeal pouch, is a membranous 
sac, placed between the superior 
vocal cord and the inner surface 
of the thyroid cartilage, occasion- 
ally extending as far as its upper 
border or even higher: it is coni- 
cal in fotm, and curved slightly 
backwards. On the surface of 
its mucous membrane are the 
: openings of sixty or seventy 
mucous glands, which are lodged in the submucous areolar tissue. This sac 
is enclosed in a fibrous capsule, continuous below with the superior thyro- 
arytenoid ligament: its laryngeal surface is covered by a few delicate muscular 
fasciculi, which arise from the apex of the arytenoid cartilage and become lost 
in the fold of mucous membrane extending between the arytenoid cartilage and 
the side of the epiglottis. (they were named by Hilton the compressor sacculi 
laryngis); while its exterior is covered by the Thyro-arytenoideus and Thyro- 
epiglottideus muscles. These muscles compress the sacculus laryngis, and 
discharge the secretion it contains upon the chord vocales, the surfaces of 
which it is intended to lubricate. 

Muscles.—The muscles of the larynx are extrinsic, passing between the 
arynx and parts around: these have been described elsewhere ; and intrinsic, 
confined entirely to the larynx itself, 

The intrinsic muscles are, the 


Crico-thyroid. l Crico-arytenoideus lateralis. 
Crico-arytenoideus posticus. Arytenoideus. 
Thyro-arytenoideus. 


of a Crico-thyroid is triangular in form, and situated at the fore part and side 
e cricoid cartilage. It arises from the front and lateral part of the cricoid 
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cartilage ; its fibres diverge, passing obliquely upwards and outwards, to be 
mserted into the lower border of the thyroid cartilage, and into the anterior 
border of the lower cornua. 

_ The inner borders of these two muscles are separated in the middle line by a 
tnangular interval, occupied by the central part of the crico-thyroid membrane. 

The Crico-arytenoideus posticus arises from the broad depression occupying 
each lateral half of the posterior surface of the cricoid cartilage ; its fibres pass 
upwards and outwards, converging to be inserted into the posterior surface of 
the muscular process at the base of the arytenoid cartilage. The upper fibres 
are nearly horizontal, the middle oblique, and the lower almost vertical. 

The Crico-arytenoideus lateralis is smaller than the preceding, and of an 
oblong form. It arises from the upper border of the side of the cricoid cartilage, 
and, passing obliquely upwards and backwards, is inserted into the front of the 
muscular process of the arytenoid cartilage. 

The Arytenoideus is a single muscle, filling up the posterior concave surfaces 
of the arytenoid cartilages. Itarises from the posterior surface and outer border 
of one arytenoid cartilage, and is 
inserted into the corresponding Fic. 695.—Muscles of larynx. Side view. 
parts of the opposite cartilage. It Right ala of thyroid cartilage removed. 
consists of three planes of fibres, 
two oblique and one transverse. 
The oblique fibres, the more super- 
ficial, form two fasciculi, which 
pass from the base of one cartilage 
to the apex of the opposite one, and 
which therefore cross each other 
like the limbs of the letter X. The 
transverse fibres, the deeper and 
more numerous, pass transversely 
across between the two cartilages ; 
hence the Arytenoideus was for- 
merly considered as three muscles, 
the transverse and the two oblique. 
A few of the oblique fibres are con- 
tinued round the outer margin of 
the cartilage, and are prolonged 
into the aryteno-epiglottidean fold. 
They are sometimes described as 
a separate muscle, the Aryteno- ACN 
epiglottideus. Articular facet j of KN 

The Thyro-arytenoideus is a aT cartilage NY 
broad, flat muscle, whieh lies 
parallel with the outer side of the 
true vocal cord. It arises in front is 
from the lower half of the receding Fo e ae 
angle of the thyroid cartilage, and oe 
from the crico-thyroid.membrane. 
[ts fibres pass backwards and out- 
wards, to be inserted into the base and anterior surface of the arytenoid cartilage. 
This muscle consists of two fasciculi, an inner and an outer.* The inner 
portion is a triangular band which is inserted into the vocal process of the 
arytenoid cartilage, and into the adjacent portion of its anterior surface ; it lies 
parallel with the true vocal cord, to which it is adherent. The outer fasciculus, 
the thinner, is inserted into the anterior surface and outer border of the arytenoid 
cartilage above the preceding fibres; it lies on the outer side of the sacculus 
laryngis, immediately beneath the mucous membrane. 

A considerable number of the fibres of the Thyro-arytenoideus are prolonged 
into the aryteno-epiglottidean fold, where some ot them become lost, while others 
are continued forwards to the margin of the epiglottis. They have received a 
distinctive name, Thyro-epiglottideus, and are sometimes described as a separate 
muscle. 

* Henle describes these two portions as separate muscles, under the names of External 
and Internal thyro-arytenoid. 
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Actions.—In considering the actions of the muscles of the larynx, they may 
be conveniently divided into two groups, viz.: 1. Those which open and close 
the glottis. 2. Those which regulate the degree of tension of the vocal cords. 

1. The muscles which open the glottis are the Crico-arytenoidei postici ;_ and 
those which close it are the Crico-arytenoidei laterales and the Arytenoideus. 
2. The muscles which regulate the tension of the vocal cords are the Crico- 
thyroidei, which elongate and render them tense; and the Thyro-arytenoidei, 
which relax and shorten them. 


The Crico-arylenoider postici separate the vocal cords, and, consequently, open the 
glottis, by rotating the arytenoid cartilages outwards around a vertical axis passing 
through the crico-arytenoid joints; so that their vocal processes and the vaca] cords 
attached to them become widely separated. 

The Crico-arytenoider laterales close the glottis, by rotating the arytenoid cartilages 
inwards, so as to approximate their vocal processes. 

The Arytenordeus muscle approximates the arytenoid cartilages, and thus closes the 
opening of the glottis, especially at its back part. | 

The Crico-thyrowd muscles produce tension and elongation of the vocal cords. This 
is efleciod as follows: when the Crico-thyroid muscles contract they draw down the 
lower border of the thyroid cartilage and slightly advance its inferior cornua, and thus 

the distance between the vocal processes 
Fic. 696.—Interior of the larynx, and the angle of the thyroid is increased, 
seen from above. (Enlarged.) and the cords are consequently elongated. 

The Thyro-arytenoidet muscles, con- 
sisting of two parts having different attach- 
ments and different directions, are rather 
complicated as regards their action. Their 
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aT Hh LD f main use is to draw the arytenoid carti- 
ER Rd 8 A PN lages forwards towards the thyroid, and 
Y l A thus shorten and relax the vocal cords. 

oÀ But, owing to the connection of the inner 


portion with the vocal cord, this part, if 
acting separately, is supposed to modify 
its elasticity and tension, and the outer 
portion, being inserted into the outer part 
of the anterior surface of the arytenoid 
cartilage, may rotate it inwards, and thus 
narrow the rima glottidis by bringing the 
two cords together. 

The manner in which the superior 
aperture of the larynx is closed during 
deglutition is referred to on page 460. 
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The Mucous Membrane of the 
Larynx is continuous above with that 
lining the mouth and pharynx, and is 
prolonged through the trachea and 
bronchi into the lungs. It lines the 
posterior surface and the upper part of the anterior surface of the epiglottis, 
to which it is closely adherent, and forms the aryteno-epiglottidean folds which 
form the lateral boundaries of the superior aperture of the larynx. It lines 
the whole of the cavity of the larynx; forms, by its reduplication, the chief 
part of the superior, or false, vocal cord; and, from the ventricle, is continued 
into the sacculus laryngis. It is then reflected over the true vocal cords, where 
it is thin, and very intimately adherent; covers the inner surface of the crico- 
thyroid membrane and cricoid cartilage ; and is ultimately continuous with the 
lining membrane of the trachea. The fore part of the anterior surface and 
the upper half of the posterior surface of the epiglottis, the upper part of the 
aryteno-epiglottidean folds, and the true vocal cords are covered by stratified 
Squamous epithelium ; all the rest of the laryngeal mucous membrane is covered 
by columnar ciliated cells. 

Glands.—The mucous membrane of the larynx is furnished with numerous 
muciparous glands, the orifices of which are found in nearly every part; they 
are very plentiful upon the epiglottis, being lodged in little pits in its sub- 
stance ; they are also found in large numbers along the posterior margin of the 
aryteno-epiglottidean fold, in front of the arytenoid cartilages, where they are 
termed the arytenoid glands. They exist also in large numbers upon the inner 
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surface of the sacculus laryngis. None are found on the free edges of the 
vocal cords. 

Vessels and Nerves.—The arteries of the larynx are the laryngeal branches 
derived from the superior and inferior thyroid. The veins accompany the 
arteries: those accompanying the superior laryngeal artery join the superior 
thyroid vein, which opens into the internal jugular vein; while those accom- 
panying the inferior laryngeal artery join the inferior thyroid vein, which opens 
into the innominate vein. The lymphatics consist of two sets, superior and 
inferior. The former accompany the superior laryngeal artery and pierce the 
thyro-hyoid membrane, to terminate in the glands situated near the bifurcation 
of the common carotid artery. Of the latter, some pass through the crico- 
thyroid membrane, and open into a gland lying in front of that membrane or 
in front of the upper part of the trachea, while others pass to the deep cervical 
glands and to the glands which accompany the inferior thyroid artery. The 
nerves are derived from the internal and external laryngeal branches of the 
superior laryngeal nerve, from the inferior or recurrent laryngeal, and from 
the sympathetic. The internal laryngeal nerve is almost entirely sensory, but 
some motor filaments are said to be carried by it to the Arytenoideus muscle. 
It divides into a branch which is distributed to both surfaces of the epiglottis, 
a second to the aryteno-epiglottidean folds, and a third, the largest, which 
supplies the mucous membrane over the back of the larynx and communicates 
with the recurrent laryngeal. The external laryngeal nerve supplies the Crico- 
thyroid muscle. The recurrent laryngeal passes upwards under the lower 
border of the Inferior constrictor, and enters the larynx between the cricoid 
and thyroid cartilages. It supplies all the muscles of the larynx except the 
Crico-thyroid and perhaps a part of the Arytenoideus, The sensory branches 
of the laryngeal nerves form subepithelial plexuses, from which fibres pass to 
end between the cells covering the mucous membrane. . 

Over the posterior surface of the epiglottis, in the aryteno-epiglottidean folds, 
ia aad in some other parts, taste-buds, similar to those in the tongue, 
are found. 


Tae Tracuea (fig. 697) 


The trachea, or windpipe, is a cartilaginous and membranous tube, which 
extends from the lower part of the larynx, on a level with the sixth cervical 
vertebra, to the upper border of the fifth dorsal vertebra, where it divides into 
the two bronchi, one for each lung. The trachea is nearly but not quite 
cylindrical, being flattened posteriorly; it measures about four inches and a 
half in length; its diameter, from side to side, is from three-quarters of an 
inch to an inch, being always greater in the male than in the female. 

Relations—The anterior surface of the trachea is convex, and covered, in the 
neck, from above downwards, by the isthmus of the thyroid gland, the inferior 
thyroid veins, the arteria thyroidea ima (when that vessel exists), the Sterno- 
thyroid and Sterno-hyoid muscles, the cervical fascia, and, more superficially, by 
the anastomosing branches between the anterior jugular veins ; in the thorax, it 
is covered from before backwards by the first piece of the sternum, the remains 
of the thymus gland, the left innominate vein, the arch of the aorta, the innomi- 
nate and left carotid arteries, and the deep cardiac plexus. Posteriorly it is in 
relation with the cesophagus; laterally, in the neck, it is in relation with the 
common carotid arteries, the lateral lobes of the thyroid gland, the inferior 
thyroid arteries, and recurrent laryngeal nerves; and, im the thorax, it lies 
in the upper part of the interpleural space (superior mediastinum), and is in 
relation on the right side to the pleura and right vagus, and near the root of 
the neck to the innominate artery ; on its left side are the recurrent laryngeal 
nerve, the aortic arch, the left common carotid and subclavian arteries. 

The Right Bronchus, wider, shorter, and more vertical in direction than the 
left, is about an inch in length, and enters the right lung nearly opposite the 
fifth dorsal vertebra. The vena azygos major arches over it from behind; and 
the right pulmonary artery lies below and then in front of it. About three- 
quarters of an inch from its commencement it gives off a branch to the upper 
lobe of the right lung. This is termed the eparterial bronchus, because it is 
given off above the right pulmonary artery. The bronchus now passes below the 
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artery, and is known as the hyparterial bronchus. It divides into two branches 
for the middle and lower lobes. ker y. 
The Left Bronchus is smaller and longer than the right, ane p y ; 
inches in length. It enters the root of the left lung, opposite the sixt ap 
vertebra, about an inch lower than the right bronchus. It passes re t e 
arch of the aorta, crosses in front of the œsophagus, the re uct, pan 
the descending aorta, and has the left pulmonary artery lying at pee a me 
and then in front of it. The left bronchus has no branch corresponding to the 


Fic. 697.—F ront view of cartilages of larynx ; the trachea and bronchi. 
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eparterial branch of the right bronchus, and therefore it has been supposed by 
some that there is no upper lobe to the left lung, but that the so-called upper 
lobe corresponds to the middle lobe of the right lung. 

pe further subdivision’ of the bronchi will be considered with the anatomy 
of the lung. 

Ifa transverse section is made across the trachea, a short distance above its 
point of bifurcation, and a bird’s-eye view taken of its interior (fig. 698), the 
septum placed at the bottom of the trachea and separating the two bronchi 
will be seen to occupy the left of the median line, and the right bronchus 
appears to be a more direct continuation of the trachea than the left, so that 
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any solid body dropping into the trachea would naturally be directed towards 
the right bronchus. This tendency is aided by the larger size of the right tube 
as compared with its fellow. This fact serves to explain why a foreign body 
in the trachea more frequently falls into the right bronchus.* 

Structure.—The trachea is composed of imperfect cartilaginous rings, fibrous 
membrane, muscular fibres, mucous membrane, and glands. 

The cartilages vary from sixteen to twenty in number: each forms an 
imperfect ring, which surrounds about two-thirds of the cylinder of the trachea, 
being deficient behind, where the tube is completed by fibrous membrane. 
The cartilages are placed horizontally above each other, separated by narrow 
membranous intervals. They measure about two lines in depth, and half a 
line in thickness. Their outer surfaces are flattened, but internally they are 
convex, from being thicker in the middle than at the margins. Two or more 
of the cartilages often unite, partially or completely, and they are sometimes 
bifurcated at their extremities. They are highly elastic, but may become 
calcified in advanced life. In the right bronchus the cartilages vary in number 
from six to eight; in the left, from nine to twelve. They are shorter and 
ey than those of the trachea. The peculiar cartilages are the first and 
the last. 

The first cartilage is broader than the rest, and often divided at one end ; 
it is connected by fibrous membrane with the lower border of the cricoid 
cartilage, with which, or with the 
succeeding cartilage, it is sometimes Fic. 698.—Transverse section of the trachea, 
blended. | just above its bifurcation, with a bird’s-eye 

The last cartilage is thick and view of the interior. 
broad in the middle, in consequence 
of its lower border being prolonged 
into a triangular hook-shaped process, 
which curves downwards and back- 
wards between the two bronchi. It 
terminates on each side in an imperfect 
ring, which encloses the commence- 
ment of the bronchi. The cartilage 
above the last is somewhat broader 
than the rest at its centre. 

The fibrous membrane.—The cartilages are enclosed in an elastic fibrous 
membrane, which consists of two layers; one, the thicker of the two, passing 
over the outer surface of the ring, the other over the inner surface: at the upper 
and lower margins of the cartilages the two layers blend together to form a 
single membrane, which connects the rings one with another. They are thus, 
as it were, embedded in the membrane. In the space behind, between the 
extremities of the rings, the membrane forms a single distinct layer. 

The muscular fibres are disposed in two layers, longitudinal and transverse. 
The longitudinal fibres are external, and consist merely of a few scattered 
longitudinal bundles. 

The transverse fibres (Trachealis muscle, Todd and Bowman) are internal 
and form a thin layer, which extends transversely between the ends of the 
cartilages and the intervals between them at the posterior part of the trachea. 
The muscular fibres are of the unstriped variety. 

The mucous membrane is continuous above with that of the larynx, and 
below with that of the bronchi. Microscopically, it consists of areolar and 
lymphoid tissue, and presents a well-marked basoment-membrane, supporting a 
layer of columnar, ciliated epithelium ; between the deeper ends of the columnar 
cells are smaller triangular cells, the bases of which, often branched, are attached 
to the basement-membrane. These triangular cells are mucus-secreting, and may 
be seen as goblet or chalice cells when their contents have been discharged. In 
the deepest part of the mucous membrane, and especially between the mucous 
and submucous layers, longitudinally arranged fibres are very abundant and 
form a distinct layer. aa. 

The tracheal glands are found in great abundance at the posterior part of 





* Reigel asserts that the entry of a foreign body into the /eft bronchus is by no means 
so infrequent as is generally supposed. Sec also Med.-Chir. Trans. vol. lxxi. p. 121. 
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the trachea. They are racemose glands, and consist of a basement-membrane 
lined by columnar mucus-secreting cells. They are situated at the back of the 
trachea, outside the layer of muscular tissue, between it and the outer fibrous 
layer. Their excretory ducts pierce the muscular and inner fibrous layers, and 
pass through the submucous and mucous layers to open on the surface of the 
mucous membrane. Some glands of smaller size are also found at the sides 
of the trachea, between the layers of fibrous tissue connecting the rings, and 
others immediately beneath the mucous coat. The secretion from these glands 
serves to lubricate the inner surface of the trachea. | 

Vessels and Nerves.—The trachea is supplied with blood by the inferior 
thyroid arteries. The veins terminate in the thyroid venous plexus. The 
nerves are derived from the pneumogastric and its recurrent branches, and 
from the sympathetic. 


Surface Form.—In the middle line of the neck, some of the cartilages of the larynx 
can be readily distinguished. In the receding angle below the chin, the hyoid bone can 
easily be made out (see page 228), and a finger’s breadth below it is the pomum Adami, 
the prominence between the upper borders of the two ale of the thyroid cartilage. About 
an inch below this, in the middle line, is a depression corresponding to the crico-thyroid 
space, in which the operation of laryngotomy is performed. This depression is bounded 
below by a prominent arch, the anterior part of the cricoid cartilage, below which the 
trachea can be felt, though it is only in the emaciated that the separate rings can be 
distinguished. The lower part of the trachea is not easily made out, for as it descends in 
the neck it takes a deeper position, and is farther removed from the surface. The level 
of the vocal cords corresponds to the middle of the anterior margin of the thyroid 
cartilage. 

With the laryngoscope the following structures can be seen: the base of the tongue, 
and the upper surface of the epiglottis, with the glosso-epiglottic ligaments; the superior 
aperture of fhe larynx; bounded on either side by the aryteno-epiglottidean folds, in 
which may be seen two rounded eminences, corresponding to the cornicula and cuneiform 
cartilages. Beneath these the true and false vocal cords, with the ventricle between 
them. Still deeper, the cricoid cartilage, and some of the anterior parts of the rings of 
the trachea, and sometimes, in deep inspiration, the bifurcation of the trachea. 

Surgical Anatomy.—Foreign bodies often find their way into the air-passages. These 
may consist of large soft substances, as pieces of meat, which may become lodged in the 
upper aperture of the larynx, or in the rima glottidis, and cause speedy suffocation unless 
rapidly got rid of, or unless an opening is made into the air-passages below, so as to 
enable the patient to breathe. Smaller bodies, frequently of a hard nature, such as cherry 
or plum stones, small pieces of bone, buttons, &c., may find their way through the rima 
glottidis into the trachea or bronchus, or may become lodged in the ventricle of the 
larynx. The dangers then depend not so much upon the mechanical obstruction as upon 
the spasm of the glottis which they excite from reflex irritation. When lodged in the 
ventricle of the larynx, they may produce very few symptoms beyond sudden loss of 
voice or alteration in the voice sounds, immediately following the inhalation of the foreign 
body. When, however, they are situated in the trachea, they are constantly striking 
against the vocal cords during expiratory efforts, and produce attacks of dyspnea from 
spasm of the glottis. When lodged in the bronchus, they usually become fixed there, 
and, occluding the lumen of the tube, cause a loss of the respiratory murmur on the 
affected side, which is, as stated above, more often the right. 

Beneath the mucous membrane of the upper part of the alr-passages, there is a 
considerable amount of submucous tissue, which is liable to become much swolien from 
effusion in inflammatory affections, constituting the disease known as ‘cedema of the 
glottis.’ This effusion does not extend below the level of the vocal cords, on account of 
the fact that the mucous membrane is closely adherent to these structures, without the 
intervention of any submucous tissue. So that, in cases of this disease, in which it is 
m nel to open the air-passages to prevent suffocation, the operation of laryngotomy is 
sufficient. 

Chronic laryngitis is an inflammation of the mucous glands of the larynx, which 
occurs in those who speak much in public, and is known as ‘Clergyman’s sore throat.’ 
It is due to the dryness induced by the large amount of cold air drawn into the air- 
passages during prolonged speaking, which excites increased activity of the mucous 
gends to keep the parts moist, and this eventually terminates in inflammation of these 

ctures. 

Ulceration of the larynx may occur from syphilis, either as a superficial ulceration, or 
from the softening of a gumma; from tuberculous disease (laryngeal phthisis), or from 
malignant disease (epithelioma), 

The air-passages may be opened in three different situations: by a vertical incision 
through the centre of the thyroid cartilage (thyrotomy); through the crico-thyroid 
membrane (laryngotomy), or in some part of the trachea (tracheotomy); and to these 
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some surgeons have added a fourth method, by opening the crico-thyroid membrane and 
dividing the cricoid cartilage with the upper ring of the trachea (laryngo-tracheotomy). 

Thyrotomy is usually performed for the purpose of removing growths from the vocal 
cords, or for extracting foreign bodies from the ventricle of the larynx. A median incision 
is made from the upper border of the body of the hyoid bone to the lower border of the 
cricoid cartilage, and is carried through the subcutaneous tissues and deep fascia between 
the margins of the Sterno-hyoid muscles. An incision is then made in the crico-thyroid 
membrane, and one blade of a stout, sharp-pointed pair of scissors is introduced beneath 
the lower border of the thyroid cartilage, and this structure is divided from below upwards. 
Great care must be taken to cut exactly in the middle line to avoid wounding the vocal 
cords. If the two halves of the cartilage are now drawn apart, a very good view of the 
interior of the larynx will be obtained. 

Laryngotomy is anatomically a simple operation: it can readily be performed, 
and should be employed in those cases where the air-passages require opening in an 
emergency for the relief of some sudden obstruction to respiration. The crico-thyroid 
membrane is very superficial, being covered only in the middle line by the skin, super- 
ficial fascia, and the deep fascia. On either side of the middle line it is also covered by 
the Sterno-hyoid and Sterno-thyroid muscles, which diverge from each other at their 
upper parts, leaving a slight interval between them. On these muscles rest the anterior 
jugular veins. The only vessel of any importance in connection with this operation is 
the crico-thyroid artery, which crosses the crico-thyroid membrane, and which may be 
wounded, but rarely gives rise to any trouble. The operation is performed thus: the head 
being thrown back and steadied by an assistant, the finger is passed over the front of the 
neck, and the crico-thyroid depression felt for. A vertical incision is then made through 
the skin, in the middle line over this spot, and carried down through the fascia until the 
crico-thyroid membrane is exposed. A cross cut is then made through the membrane, 
close to the upper border of the cricoid cartilage, so as to avoid, if possible, the crico- 
thyroid artery, and a tracheotomy tube introduced. It has been recommended, as a more 
rapid way of performing the operation, to make a transverse instead of a longitudinal cut 
through the superficial structures, and thus to open at once the air-passages, It will be 
seen, however, that in operating in this way the anterior jugular veins are in danger 
of being wounded. 

Tracheotomy may be performed either above or below the isthmus of the thyroid 
body: or this structure may be divided and the trachea opened behind it. 

The isthmus of the thyroid gland usually crosses the second and third rings of the 
trachea; along its upper border is frequently to be found a large transverse communi- 
cating branch between the superior thyroid veins; and the isthmus itself is covered by a 
venous plexus, formed between the thyroid veins of the opposite sides. Theoretically, 
therefore, it is advisable to avoid dividing this structure in opening the trachea. 

Above the isthmus the trachea is comparatively superficial, being covered by the skin, 
superficial fascia, deep fascia, Sterno-hyoid and Sterno-thyroid muscles, and a second 
layer of the deep fascia, which is attached above to the lower border of the hyoid bone 
and descends beneath the muscles to the thyroid body, where it divides into two layers 
and encloses the isthmus. 

Below the isthmus the trachea lies much more deeply, and is covered by the Sterno- 
hyoid and the Sterno-thyroid muscles, and a quantity of loose areolar tissue, in which is a 
plexus of veins, some of which are of large size; they converge to two trunks, the inferior 
thyroid veins, which descend on either side of the median line on the front of the trachea, 
and open into the innominate vein. In the infant the thymus gland ascends a variable 
distance along the front of the trachea; and opposite the episternal notch the windpipe is 
crossed by the left innominate vein. Occasionally also in young subjects the innominate 
artery crosses the tube obliquely above the level of the sternum. The thyroidea ima 
artery, when that vessel exists, passes from below upwards, along the front of the trachea. 

From these observations it must be evident that the trachea can be more readily 
opened above than below the isthmus of the thyroid body. s 

Tracheotomy above the isthmus is performed thus: the patient should, if possible, be 
laid on his back on a table in a good light. A pillow is to be placed under the shoulders 
and the head thrown back and steadied by an assistant. The surgeon standing on the right 
side of his patient makes an incision from an inch and a half to two inches in length in 
the median line of the neck from the top of the cricoid cartilage. The incision must be 
made exactly in the middle line so as to avoid the anterior jugular veins, and after the 
superficial structures have been divided, the interval between the Sterno-hyoid muscles 
must be found, the raphé divided, and the muscles drawn apart. The lower border of the 
cricoid cartilage must now be felt for, and the upper part of the trachea exposed from this 
point downwards in the middle line. Bose has recommended that the layer of fascia in 
front of the trachea should be divided transversely at the level of the lower. border of the 
cricoid cartilage, and, having been seized with a pair of forceps, pressed downwards with 
the handle of the scalpel. By this means the isthmus of the thyroid gland is depressed 
and is saved from all danger of being wounded, and the trachea cleanly exposed. The 
trachea is now transfixed with a sharp hook and drawn forwards in order to steady it, 
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and is then opened by inserting the knife into it and dividing the two or three upper 
rings by cutting upwards. If the trachea is to be opened beneath the isthmus, the 
incision must be made from a little below the cricoid cartilage to the top of the sternum. 

In the child the trachea is smaller, more deeply placed, and more movable than in 
the adult. In fat or short-necked people, or in those in whom the muscles of the neck 
are prominently developed, the trachea is more deeply placed than in the opposite 
conditions. 

A portion of the larynx or the whole of it has been removed for malignant disease. The 
results which have been obtained from the removal of the whole of it have not been very 
satisfactory, and the cases in which the operation is justifiable are very few. It may 
be removed by a median incision through the soft parts; freeing the cartilages from the 
muscles and other structures in front ; separating the larynx from the trachea below, and 
dissecting off the deeper structure from below upwards. 


Tre PLEURE 


Each lung is invested by an exceedingly delicate serous membrane, the 
pleura, which encloses the organ as far as its root, and is then reflected on to the 
pericardium, chest-wall, and Diaphragm. The portion of the serous membrane 
investing the surface of the lung and dipping into the fissures between its lobes, 


Frc. 699.—Front view of chest, showing relations of pleurs and lungs to the chest-wall. 
The blue lines indicate the lines of the reflection of the pleure ; the red, the outlines of 
the lungs and their fissures. ) 
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is called the visceral layer of the pleura, or pleura pulmonalis; while that which 
lines the inner surface of the chest and covers the Diaphragm and pericardium, 
is called the parietal layer of pleura. The space between these two layers 
a the cavity of the pleura, but it must be borne in mind that in the 

ealthy condition the two layers are in contact and that there is no real cavity, 
until the lung becomes collapsed and a separation of it from the wall of the 
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chest takes place. Hach pleura is therefore a shut sac, one occupying the right, 
the other the left half of the thorax; and they are perfectly separate from each 
other. The two pleuræ do not meet in the middle line of the chest, excepting 
anteriorly opposite the second and third pieces of the sternum: a space being 
left between them, which contains all the viscera of the thorax excepting the 
lungs ; this space is named the mediastinum. 

_ _ Different portions of the parietal pleura have received special names which 
indicate their position : thus, that portion which lines the inner surface of the ribs 
and Intercostal muscles is the costal pleura ; that which coats the convex surface 
of the Diaphragm is the dia- 


phragmatic pleura; that which Fra, 700.—Lateral view of chest, showing relations 


rises into the neck, over the sum- of right pleura and lung to the chest-wall. 
mit of the lung, is the cervical Tho blue line indicates the line of pleural re- 
pleura; and that which is applied flection ; the red lines, the outline and fissures 
to the adjacent structures in of the lung. 


Subclavian artery 


the mediastinum, or space inter- 
vening between the two pleural 
cavities, is the mediastinal pleura. 

Reflections of the Pleura (figs. 
699, 700).—Commencing at the 
sternum, the pleura passes out- 
wards, lines the costal cartilages, 
the inner surface of the ribs and 
Intercostal muscles, and at the 
back part of the thorax passes 
over the gangliated cord of the 
sympathetic and its branches, and 
is reflected upon the sides of the 
bodies of the vertebree, where it is 
separated by a narrow interval, 
the posterior mediastinum, from 
the opposite pleura. From the 
vertebral column the pleura 
passes to the side of the peri- 
cardium, which it covers to a 
slight extent; it then covers the 
back part of the root of the lung, 
from the lower border of which 
a triangular fold descends verti- 
mae | by the side of the posterior 
mediastinum to the Diaphragm. 
This fold is the broad ligament 
of the lung (ligamentum latum 
pulmonis). From the posterior 
aspect of the lung root, the pleura 
may be traced over the convex 
surface of the lung, the summit 
and base, and also over the sides 
of the fissures between the lobes, 
on to its inner surface and the 
front part of its root; from this it 
is reflected on to the pericardium, 
and from it to the back of the 
sternum. Below, it covers the upper surface of the Diaphragm, and extends, in 
front, as low as the costal cartilage of the seventh rib; at the side of the chest, 
to the lower border of the tenth rib on the left side and to the upper border 
of the same rib on the right side; and behind, it reaches as low as the twelfth 
rib, and sometimes even as low as the transverse process of the first lumbar 
vertebra. Above, its apex projects, in the form of a cul-de-sac, through the 
superior opening of the thorax into the neck, extending from one to two inches 
above the anterior extremity of the first rib, and receives the summit of the 
corresponding lung; this sac is strengthened, according to Sibson, by a dome- 
like expansion of fascia, attached in front to the posterior border of the first rib, 
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and behind to the anterior border of the transverse process of the seventh 
cervical vertebra. This is covered and strengthened by a few spreading 
muscular fibres derived from the Scaleni muscles. 

In the front of the chest, where the parietal layer of the pleura is reflected 
backwards to the pericardium, the two pleural sacs are in contact for a short 
distance. At the upper part of the chest, behind the manubrium, they are not 
in contact; the point of reflection being represented by a line drawn from the 
sterno-clavicular articulation to the mid-point of the junction of the manubrium 
to the body of the sternum. From this point the two pleure descend in close 
contact to the level of the fourth costal cartilages. Here the line-of reflection 
on the right side is continued onwards in nearly a straight line to the lower end 
of the gladiolus and then turns outwards, while on the left side the line of 
reflection diverges outwards and is continued downwards, close to the left border 
of the sternum, as far as the sixth costal cartilage. The inferior limit of the 
pleura is on a considerably lower level than the corresponding limit of the lung, 
but does not extend to the attachment of the Diaphragm, so that below the line 


Fie. 701.—A transverse section of the thorax, showing the relative position of the 
viscera, and the reflections of the pleura. 
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of reflection of the pleura from the chest-wall on to the Diaphragm the latter is 
in direct contact with the rib cartilages and the Internal intercostal muscles. 
Moreover, in ordinary inspiration the thin margin of the base of the lung does 
not extend as low as the line of the pleural reflection, with the result that the 
costal and diaphragmatic pleura are here in contact, the narrow slit between the 
two being termed the phrenico-costal sinus. A similar condition exists behind 
the sternum and rib cartilages, where the anterior thin margin of the lung falls 
short of the line of pleural reflection, and where the slit-like cavity between the 
two layers of pleura forms what is sometimes called the costo-mediastinal sinus. 

_ The line along which the right pleura is reflected from the chest-wall to the 
Diaphragm starts in front, immediately below the seventh costo-sternal joint, 
and runs downwards and’ backwards behind the seventh costal cartilage so as 
to cross the tenth rib in the mid-axillary line, from which it is prolonged to 
the twelfth dorsal spine. The reflection of the left pleura is slightly higher in 
front, and follows the ascending part of the sixth costal cartilage. 

The free surface of the pleura is smooth, polished, and moistened by a 
serous fluid; its attached surface is intimately adherent to the surface of the 
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lung, and to the pulmonary vessels as they emerge from the pericardium ; it is 
also adherent to the upper surface of the Diaphragm : throughout the rest of its 
extent it is somewhat thicker, and may be separated from the adjacent parts 
with extreme facility. 


n an right pleural sac is shorter, wider, and reaches higher in the neck than 
the left. 

Ligamentum latum pulmonis.—From the above description it will be seen 
that the root of the lung is covered in front and behind by pleura, and that at 
its lower border the investing layers come into contact. Here they form a sort 
of mesenteric fold, the ligamentum latum pulmonis, which extends as far as 
the Diaphragm between the pericardium and the lower part of the inner surface 
of the lung, having a free falciform border below, between the lung and the 
Diaphragm. It serves to retain the lower part of the lung in position. 

Vessels and Nerves.—The arteries of the pleura are derived from the inter- 
costal, the internal mammary, the museulo-phrenic, thymic, pericardiac, and 
bronchial vessels. The veins correspond to the arteries. The lymphatics are 
very numerous. The nerves are derived from the phrenic and sympathetic 
(Luschka). Kölliker states that nerves accompany the ramification of the 
bronchial arteries in the pleura pulmonalis. 


Surgical Anatomy.—In operations upon the kidney, it must be borne in mind that 
the pleura usually extends below the level of the inner portion of the last rib, and may 


therefore be opened in these operations, especially when the last rib is removed in order 
to give more room. 


THE MEDIASTINUM 


The Mediastinum is the space left in and near the median line of the chest by 
the non-approximation of the two pleure. It extends from the sternum in front 
to the spine behind, and contains all the viscera in the thorax excepting the 
lungs. The mediastinum may be divided for purposes of description into two 
paris : an upper portion, above the upper level of the pericardium, which is named 
the superior mediastinum (Struthers) ; and a lower portion, below the upper level 
of the pericardium. This lower portion is again subdivided into three parts, 
viz.: that which is in front of the pericardium, the anterior mediastinum ; that 
which contains the pericardium and its contents, the middle mediastinum; and 
that which is behind the pericardium, the posterior mediastinum. 

The superior mediastinum is that portion of the interpleural space which lies 
between the manubrium sterni in front, and the upper dorsal vertebra behind. 
It is bounded below by a plane passing backwards from the junction of the 
manubrium and gladiolus sterni to the lower part of the body of the fourth 
dorsal vertebra, and laterally by the pleuræ. It contains the origins of the 
Sterno-hyoid and Sterno-thyroid muscles and the lower ends of the Longi colli 
muscles ; the arch of the aorta ; the innominate artery and the thoracic portions 
of the left carotid and subclavian arteries; the innominate veins and the upper 
half of the superior vena cava; the left superior intercostal vein ; the pneumo- 
gastric, cardiac, phrenic, and left recurrent laryngeal nerves; the trachea, 
cesophagus, and thoracic duct; the remains of the thymus gland and some 
lymphatic glands, : 

The anterior mediastinum is bounded in front by the sternum, laterally by 
the pleuræ, and behind by the pericardium. It is narrow above, but widens out 
a little below, and, owing to the oblique course taken by the left pleura, it is 
directed from above downwards and to the left. Its anterior wall is formed by 
the left Triangularis sterni muscle and the fifth, sixth, and seventh left costal 
cartilages. It contains a quantity of loose areolar tissue, some lymphatic vessels 
which ascend from the convex surface of the liver, two or three lymphatic glands 
(anterior mediastinal glands), and the small mediastinal branches of the internal 
mammary artery. . 

The middle mediastinum is the broadest part of the interpleural space. It 
contains the heart, enclosed in the pericardium, the ascending aorta, the lower 
half of the superior vena cava, with the vena azygos major opening into it, the 
bifurcation of the trachea and the two bronchi, the pulmonary artery dividing 
into its two branches and the right and left pulmonary veins, the phrenic nerves, 
and some bronchial lymphatic glands. 
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Fie. 702.—The posterior mediastinum. 
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The apex is rounded, and extends into the root of the neck, reaching from an 
inch to an inch and a half above the level of the anterior end of the first rib. A 
furrow runs upwards and outwards immediately below the apex, and is produced 
by the subclavian artery as it curves outwards in front of the pleura. 

The base is broad, concave, and rests upon the convex surface of the Dia- 
phragm, which separates the right lung from the right lobe of the liver and the 
left lung from the left lobe of the liver, the stomach, and spleen. Since the 
Diaphragm extends higher on the right than on the left side, it follows that 
the concavity on the base of the right lung is deeper than that on the left. 
Laterally and behind, the base is bounded by a thin, sharp margin which projects 
for some distance into the phrenico-costal sinus of the pleura, between the lower 


Fic. 703.—Transverse section through the upper margin of the third 
dorsal vertebra. (Braune.) 
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ribs and the costal attachment of the Diaphragm. The base of the lung descends 
during inspiration and ascends during expiration, and its relation to the chest- 
wall is indicated in figs. 699 and 700. 

The external or costal surface is smooth, convex, of considerable extent, and 
corresponds to the form of the cavity of the chest, being deeper behind than 
in front. It is in contact with the costal pleura, and presents slight grooves 
corresponding with the overlying ribs. l l 

The inner or mediastinal surface is in contact with that portion of the pleura 
which forms the lateral boundary of the mediastinal space. It presents a deep 
concavity which accommodates the pericardial sac; this is larger and deeper 
in the left than in the right lung on account of the heart projecting farther 
to the left than to the right side of the mesial plane. Above and behind this 
concavity is a triangular depression named the hilus, where the structures which 
form the root of the lung enter and leave the viscus. These structures are 
invested by pleural membrane, which, below the hilus, forms the ligamentum 
latum pulmonis. On the right lung, immediately above the hilus, is an arched 
furrow which accommodates the vena azygos major ; while running upwards, and 
then arching outwards some little distance below the apex, is a wide groove for 
the superior vena cava and right innominate vein, and behind this, nearer the 
apex, is a second furrow for the innominate artery. Along the back part of the 
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j urface is a vertical groove for the œsophagus ; this groove becomes less 
distinct below, owing to ae inclination of the lower part of the cesophagus to 
the left of the middle line. In front and to the right of the lower part of the 
cssophageal groove, the inner surface is applied to the pleural covering of the 
right and posterior aspects of the thoracic part of the inferior vena cava—this 
vessel being accommodated in a deep concavity. On the left lung, immediately 
above the hilus, is a well-marked curved furrow produced by the aortic arch, 
and passing upwards from this towards the apex are two grooves, the anterior 
accommodating the left common carotid artery, the posterior the left subclavian 
artery. Behind the hilus and pericardial depression is a vertical furrow produced 
by the descending thoracic aorta, and in front of this, near the base of the lung, 
the lower part of the cesophagus causes a shallow depression. — 

The posterior border is broad and rounded, and is received into the deep con- 
cavity on either side of the spinal column. It is much longer than the anterior 
border, and projects, below, into the upper part of the phrenico-costal sinus. 

The anterior border is thin and sharp, and overlaps the front of the pericardium. 
The anterior border of the right lung is almost vertical, and projects into the 
costo-mediastinal sinus of the pleura; that of the left presents, below, an 
angular notch, the incisura cardiaca, in which the pericardium is exposed. 
Opposite this incisure the anterior margin of the left lung is situated some little 
distance to the outer side of the line of reflection of the corresponding part of 
the pleura. a f 

Fissures and lobes of the lungs.—The left lung is divided into two lobes, an 
upper and a lower, by an oblique fissure, which extends from the outer to the 
inner surface of the lung both above and below the hilus. As seen on the 
surface, this fissure commences on the inner aspect of the rung at the upper and 
posterior part of the hilus, and runs backwards and upwards to the posterior 
border, which it crosses at a point about two and a half inches below the apex. 
It then extends downwards and forwards over the outer surface, and reaches the 
lower border a little behind its anterior extremity, and its further course can be 
followed upwards and backwards across the inner surface as far as the lower 
part of the hilus. The upper lobe lies above and in front of this fissure, and 
includes the apex, the anterior border, and a considerable part of the outer surface 
and the greater part of the inner surface of the lung. The lower lobe, the larger 
of the two, is situated below and behind the fissure, and comprises almost the 
whole of the base, a large portion of the outer surface, and the greater part of 
the posterior border. 

The right lung is divided into three lobes, upper, middle, and lower, bY an 
oblique and a horizontal fissure. The oblique fissure separates the lower from 
the middle and upper lobes, and corresponds closely with the fissure in the left 
lung. Its direction is, however, more vertical, and it cuts the lower border about 
three inches behind its anterior extremity. The horizontal fissure separates the 
upper from the middle lobe. It begins in the oblique fissure near the posterior 
border of the lung, and, running horizontally forwards, cuts the anterior border 
on a level with the sternal end of the fourth costal cartilage; on the inner 
surface it may be traced backwards to the hilus. The middle lobe, the smallest 
of the lobes of the right lung, lies between the horizontal fissure and the lower 
part of the oblique fissure ; it is wedge-shaped, and includes the lower part of 
the anterior border and the anterior part of the base of the lung. 

The right lung is the larger and heavier ; it is broader than the left, owing 
to the inclination of the heart to the left side; it is also shorter by an inch, in 
a of the Diaphragm rising higher on the right side to accommodate 
the liver. 

The root of the lung.—A little above the middle of the inner surface of each 
lung, and nearer its posterior than its anterior border, is its root, by which the 
lung is connected to the heart and the trachea. The root is formed by the 
bronchial tube, the pulmonary artery, the pulmonary veins, the bronchial arteries 
and veins, the pulmonary plexuses of nerves, lymphatics, bronchial glands, and 
areolar tissue, all of which are enclosed by a reflection of the pleura. The root 
of the right lung lies behind the superior vena cava and part of the right 
auricle, and below the vena azygos major. That of the left lung passes beneath 
the arch of the aorta and in front of the descending aorta; the phrenic nerve 
with its accompanying artery and vein, and the anterior pulmonary plexus 
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lie in front of each, and the pneumogastric and posterior pulmonary plexus 
behind each ; below each is the ligamentum latum pulmonis. 

The chief structures composing the root of each lung are arranged in a 
similar manner from before backwards on both sides, viz.: the upper of the 
two pulmonary veins in front; the pulmonary artery in the middle; and the 
bronchus together with the bronchial vessels, behind. From above downwards, 
on the two sides, their arrangement differs, thus: 

On the right side their position is—bronchus, pulmonary artery, pulmonary 
veins; but on the left side their position is—pulmonary artery, bronchus, 
pulmonary veins. The lower of the two pulmonary veins is situated below the 
bronchus at the apex or lowest part of the hilus. It should be noted that the 
entire right bronchus does not lie above the right pulmonary artery, but only 


Fic. 704.—Front view of the heart and lungs. 
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its eparterial branch (see below), which passes to the upper lobe of the right 
lung; the divisions of the bronchus for the middle and lower lobes lie below 
the artery. 

Division of the bronchi.—Just as the lungs differ from each other in the 
number of their lobes, so the bronchi differ in their mode of subdivision. 

The right bronchus gives off, about an inch from the bifurcation of the 
trachea, a branch for the upper lobe. This branch arises above the level of 
the pulmonary artery, and is therefore named the eparterial bronchus. All the 
other divisions of the main stem come off below the pulmonary artery, and 
consequently are termed hyparterial bronchi. The first of these is distributed 
to the middie lobe, and the main tube then passes downwards and backwards 
into the lower lobe, giving off in its course a series of large ventral and small 
dorsal branches. The ventral and dorsal branches arise alternately, and are 
usually eight in number—four of each kind. The branch to the middle lobe 


is regarded as the first of the ventral series. x 
3 
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The left bronchus passes below the level of the pulmonary artery before 
it divides, and hence all its branches are hyparterial ; it may therefore be looked 
upon as equivalent to that portion of the right bronchus which lies on the 
distal side of its eparterial branch. The first branch of the left bronchus 
arises about two inches from the bifurcation of the trachea, and is distributed 
to the upper lobe. The main stem then enters the lower lobe, where it 
divides into ventral and dorsal branches similar to those in the right lung. 
The branch to the upper lobe of the left lung is regarded as the first of the 
ventral series. He a 

Aeby regarded the absence of a left eparterial bronchus as indicating the 
absence of the corresponding lobe of the lung, and considered the middle lobe 
of the right lung the homologue of the upper lobe of the left. His conclusions, 
however, are not universally accepted. 

The weight of both lungs together is about forty-two ounces, the right lung 
being two ounces heavier than the left; but much variation is met with according 
to the amount of blood or serous fluid they may contain. The lungs are heavier 
in the male than in the female, their proportion to the body being, in the former, 
as 1 to 37, In the latter as 1 to 43. The specific gravity of the lung-tissue varies 
from 0°345 to 0°746. 

The colour of the lungs at birth is a pinkish-white ; in adult life it is a dark 
slate-colour, mottled in patches; and as age advances, this mottling assumes 
a black colour. The colouring matter consists of granules of a carbonaceous 
substance deposited in the areolar tissue near the surface of the organ. It 
increases in quantity as age advances, and is more abundant in males than in 
females. The posterior border of the lung is usually darker than the anterior. 

The surface of the lung is smooth, shining, and marked out into numerous 
polyhedral areas, indicating the lobules of the organ: each of these areas is 
crossed by numerous lighter lines. 

The substance of the lung is of a light, porous, spongy texture; it floats in 
water, and crepitates when handled, owing to the presence of air in the air-cells ; 
it is also highly elastic ; hence the collapsed state of these organs when they are 
removed from the closed cavity of the thorax. 

Structure.-The lungs are composed of an external serous coat, a subserous 
areolar tissue, and the pulmonary substance or parenchyma. 

The serous coat is derived from the pleura; it is thin, transparent, and 
invests the entire organ as far as the root. 

The subserous areolar tissue contains a large proportion of elastic fibres; it 
invests the entire surface of the lung, and extends inwards between the lobules. 

The parenchyma is composed ci lobules, which, although closely connected 
together by an interlobular areolar tissue, are quite distinct from one another, 
and may be teased asunder without much difficulty in the foetus. The lobules 
vary in size: those on the surface are large, of pyramidal form, the base turned 
towards the surface; those in the interior smaller, and of various forms. Each 
lobule is composed of one of the ramifications of a bronchial tube and its 
terminal air-cells, and of the ramifications of the pulmonary and bronchial 
vessels, lymphatics, and nerves ; all of these structures being connected together 
by areolar tissue. 

The primary branches of the bronchus, upon entering the substance of the 
lung, divide and subdivide successively in a bipinnate manner into smaller tubes 
throughout the entire organ. Each of the smaller subdivisions of the bronchus 
enters a pulmonary lobule, and is termed a lobular bronchial tube or bronchiole. 
Its wall now begins to present irregular dilatations, air-cells or alveoli, at first 
sparingly and on one side of the tube only, but as it proceeds onwards these 
dilatations become more numerous and surround the tube on all sides, so that 
it loses its cylindrical character. The bronchiole now becomes enlarged, and 
is termed the atrium or alveolar passage; from it are given off, on all sides, 
ramifications, called infundibula, which are closely beset in all directions by 
alveoli or air-cells, Within the lungs the bronchial tubes are circular, and 
present certain peculiarities of structure. 

Changes in the structure of the bronchi in the lungs.—1. In the lobes of the 
lungs.—In the lobes of the lungs the following changes take place. The cartilages 
are nob imperfect rings, but consist of thin lamin, of varied form and size, 
scattered irregularly along the sides of the tube, being most distinct at the points 
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of division of the bronchi. They may be traced into tubes, the diameter of 
which is only one-fourth of a line. Pond this point the tubes are wholly 
membranous. The fibrous coat is continued into the smallest ramifications of 
the bronchi. The muscular coat is disposed in the form of a continuous layer 
of annular fibres, which may be traced upon the smallest bronchial tubes, and 
consists of the unstriped variety of muscular tissue. The mucous membrane 
lines the bronchi and its ramifications throughout, and is covered with columnar 
ciliated epithelium. 

2. In the lobules of the lung.—In the lobular bronchial tubes and in the 
infundibula the following changes take place. The muscular tissue begins to 
disappear, but can be traced as far as the infundibula, where irregular fasciculi 
are still to be found. The fibrous coat becomes thinner and degenerates into 
areolar tissue. The epithelium becomes non-ciliated and flattened. This 
occurs abr fe thus, in the lobular bronchial tubes, patches of non-ciliated, 
flattened epithelium may be found scattered among the columnar ciliated cells ; 
then these patches become more and more numerous, until in the infundibula 
and air-cells all the epithelium is of the non-ciliated pavement variety. In 
addition to these flattened cells, there are small polygonal granular cells in the 
air-sacs in clusters of two or three, between the others. 

The air-cells are small polyhedral recesses, composed of a fibrillated con- 
nective tissue, and surrounded by a few involuntary muscular and elastic fibres. 
Under the microscope, granular, rounded, amceboid cells (eosinophile leucocytes), 
often containing carbonaceous particles, are seen lying free in their cavities. 
The air-cells are well seen on the surface of the lung, and vary from ,4,th 
to th of an inch in diameter; being largest on the surface at the thin borders 
and at the apex, and smallest in the interior. 

The pulmonary artery conveys the venous blood to the lungs; it divides into 
branches which accompany the bronchial tubes, and terminates in a dense 
capillary network, upon the walls of the intercellular passages and air-cells. 
In the lung, the branches of the pulmonary artery are usually above and in 
front of a bronchial tube, the vein below. 

The pulmonary capillaries form plexuses which lie immediately beneath the 
mucous membrane, in the walls and septa of the air-cells, and of the infundibula. 
In the septa between the air-cells the capillary network forms a single layer. 
The capillaries form a very minute network, the meshes of which are smaller 
than the vessels themselves; * their walls are also exceedingly thin. The 
arteries of neighbouring lobules are independent of each other, but the veins 
freely anastomose together. 

The pulmonary veins commence in the pulmonary capillaries, the radicles 
coalescing into larger branches which run through the substance of the lung, 
independently from the minute arteries and bronchi. After freely communi- 
cating with other branches they form large vessels, which ultimately come into 
relation with the arteries and bronchial tubes, and accompany them to the hilum 
of the organ. Finally they open into the left auricle of the heart, conveying 
oxygenated blood to be eventually distributed to all parts of the body by the 
aorta. 

The bronchial arteries supply blood for the nutrition of the lung; they are 
derived from the thoracic aorta or from the upper aortic intercostal arteries, 
and, accompanying the bronchial tubes, are distributed to the bronchial glands, 
and upon the walls of the larger bronchial tubes and pulmonary vessels. Those 
supplying the bronchial tubes form a capillary plexus in the muscular coat, 
from which branches are given off to form a second plexus in the mucous coat. 
This plexus communicates with branches of the pulmonary artery, and empties 
itself into the pulmonary vein. Others are distributed in the interlobular 
areolar tissue, and terminate partly in the deep, partly in the superficial, 
bronchial veins. Lastly, some ramify upon the surface of the lung, beneath 
the pleura, where they form a capillary network. = E. 

The bronchial vein is formed at the root of the lung, receiving superficial and 
deep veins corresponding to branches of the bronchial artery. It does not, 
however, receive all the blood supplied by the artery, as some of it passes into 


* The meshes are only 0'002”' to o'oo8'” in width, while the vessels are 0'003” to 


0'005" —Kölliker, Human Microscopic Anatomy. 
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the pulmonary veins. It terminates on the right side in the vena azygos major, 
and on the lett side in the superior intercostal or leit upper azygos vein. 

The lymphatics consist of a superficial and deep set; they terminate at the 
root of the lung, in the bronchial glands. j 

Nerves.—The lungs are supplied from the anterior and posterior pulmonary 
plexuses, formed chiefly by branches from the sympathetic and pneumogastric. 
The filaments from these plexuses accompany the bronchial tubes, upon which 
they are lost. Small ganglia are found upon these nerves. 


Surface Form.—The apex of the lung is situated in the neck, behind the interval 
between the two heads of origin of the Sterno-mastoid. The height to which it rises 
above the clavicle varies very considerably, but is generally about an inch. It may, 
however, extend as much as an inch and a half or an inch and three-quarters, or, on the 
other hand, it may scarcely project above the level of this bone. In order to mark out 
the anterior margin of the lung, a line is to be drawn from the apex point, an inch above 
the level of the clavicle, and rather nearer the posterior than the anterior border of the 
Sterno-mastoid muscle, downwards and inwards across the sterno-clavicular articulation 
and first piece of the sternum until it meets, or almost meets, its fellow of the other side 
at the level of the articulation of the manubrium and gladiolus. From this point the two 
lines are to be drawn downwards, rather to the left of the mesial line but close to it, as 
far as the level of the articulation of the fourth costal cartilages to the sternum. From 
here the two lines diverge, the left at first passing outwards with a slight inclination 
downwards, and then taking a bend downwards with a slight inclination outwards to the 
apex of the heart, and thence to the sixth costo-chondral articulation. The direction 
of the anterior border of this part of the left lung is denoted with sufficient accuracy by 
a curved line, with its convexity directed upwards and outwards from the articulation of 
the fourth right costal cartilage of the sternum to the fifth intercostal space, an inch and 
a half below, and three-quarters of an inch internal to the left nipple. The continuation 
of the anterior border of the right lung is marked by a prolongation of its line from the 
level of the fourth costal cartilages vertically downwards as far as the sixth, when it 
slopes off along the line of the sixth costal cartilage to its articulation with the rib. 

After expiration the lower border of the lung may be marked out by a slightly curved 
line, with its convexity downwards, from the articulation of the sixth costal cartilage with 
its rib to the spinous process of the tenth dorsal vertebra. If vertical lines are drawn 
downwards from the nipple, the mid-axillary line, and the apex of the scapula, while the 
arms are raised from the sides, they should intersect this convex line, the first at the 
sixth, the second at the eighth, and the third at the tenth rib. It will thus be seen that 
the pleura (see page 1019) extends farther down than the lung, so that it may be wounded, 
and a wound pass through its cavity into the Diaphragm, and even injure the abdominal 
viscera, without the lung being involved. 

The posterior border of the lung is indicated by a line drawn from the level of the 
spinous process of the seventh cervical vertebra, down either side of the spine, correspond- 
ing to the costo-vertebral joints as low as the spinous process of the tenth dorsal vertebra, 
The trachea bifurcates opposite the spinous process of the fourth dorsal vertebra, and 
from this point the two bronchi are directed outwards. 

The position of the great fissure in each lung may be indicated by a line drawn from 
the second dorsal spine round the side of the chest to the sixth rib in the nipple line. 
The smaller or secondary fissure in the right lung is indicated by a line drawn from the 
preceding, where it bisects the mid-axillary line, to the junction of the fourth costal 
cartilage to the sternum. 

Surgical Anatomy.—The lungs may be wounded or torn in three ways: (1) By com- 
pression of the chest, without any injury to the ribs. (2) By a fractured rib penetrating 
the lung. (3) By stabs, gunshot wounds, &c. 

The first form, where the lung is ruptured by external compression without any 
fracture of the ribs, is very rare and usually occurs in young children, and affects the 
root of the lung, ie. the most fixed part, and thus, implicating the great vessels, is 
frequently fatal. It would seem a priori a most unusual Injury, and its exact mode of 
causation is difficult to interpret. The probable explanation is that immediately before 
the compression is applied a deep inspiration is taken and the lungs are fully inflated ; 
owing then to spasm of the glottis at the moment of compression, the air is unable to 
escape from the lung, which is not able to recede, and consequently gives way. 

In the second variety, when the wound in the lung is produced by the penetration of 
a broken rib, both the pleura costalis and pulmonalis must necessarily bo injured, and 
consequently the air taken into the wounded air-cells may find its way through these 
wounds into the cellular tissue of the parietes of the chest, producing emphysema. 
This it may do without collecting in the pleural cavity; the two layers of the pleura are so 
intimately in contact that the air passes straight through from the wounded lung into 
the subcutaneous tissue. Emphysema constitutes therefore the most important sign of 
injury to the lung in cases of fracture of the ribs. Pneumothorax, or air in the pleural 
cavity, is much more likely to occur in injuries to the lung of the third variety—that is to 
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say, from external wounds, from stabs, gunshot injuries, and such like—in which case air 
passes either from the wound of the lung or from the external wound into the cavity of 
the pleura during the respiratory movements. In these cases there is generally no 
emphysema of the subcutaneous tissue unless the external wound is small and valvular, 
so that the air is drawn into the wound during inspiration, and then forced into the 
cellular tissue around during expiration because it cannot escape from the external wound. 
Occasionally in wounds of the parietes of the chest no air finds its way into the cavity of 
the pleura, because the lung at the time of the accident protrudes through the wound and 
blocks the opening. This takes place where the wound is large, and constitutes one form 
of hernia of the lung. Another form of hernia of the lung occurs, though very rarely, after 
wounds of the chest wall, when the wound has healed and the cicatrix subsequently 
yields from the pressure of the viscus behind. It forms a globular, elastic, crepitating 
swelling, which enlarges during expiratory efforts, falls in during inspiration, and 
disappears on holding the breath. 

An incision into the lung is occasionally required in cases of abscess the result of 
pneumonia or the presence of a foreign body, and from an abscess in the liver which has 
made its way through the Diaphragm into the lung substance, and also in cases of 
hydatid disease. In these cases there is always risk of hemorrhage, and it has been 
recommended that the lung tissue should be penetrated by the actual cautery, rather than 
with the knife. Unless adhesions have formed between the two layers of the pleura, the 
pleural cavity must necessarily be opened, and there is the further risk of pneumothorax, 
and possibly septic infection. It is therefore advisable to suture the lung to the opening 
in the thoracic wall, and wait for adhesions to form before perforating the lung. 

Excision of a portion of the lung for tumour and other morbid conditions has been 
performed, but the difficulties and risks of the operation are considerable. 


ORGANS OF DIGESTION 


HE Apparatus for the Digestion of the Food consists of the alimentary canal 
T and of certain accessory organs. l l 
The alimentary canal is a musculo-membranous tube, about thirty feet in 
length, extending from the mouth to the anus, and lined throughout its entire 
extent by mucous membrane. It has received different names in the various 
arts of its course: at its commencement is the mouth, where provision is made 
or the mechanical division of the food (mastication), and for its admixture with 
a fluid secreted by the salivary glands (isalivation) ; beyond this are the organs 
of deglutition, the pharynx and the esophagus, which convey the food into that 
part of the alimentary canal (the stomach) in which the principal chemical 
changes occur, and in which the reduction and solution of the food take place ; 
the stomach is followed by the small intestine, which is divided for purposes of 
description into three parts, the duodenum, the E i and ileum, and in which 
the nutritive principles of the food are separated and absorbed ; finally the small 
intestine terminates in the large intestine, which is made up of cecum, colon, 
and rectum, the last terminating on the surface of the body at the anus. The 
accessory organs are the teeth, for purposes of mastication; the three pairs of 
salivary glands—the parotid, submaxillary, and sublingual—the secretion from 
which mixes with the food in the mouth and converts it into a bolus and acts 
chemically on one of its constituents ; the liver and pancreas, two large glands in 
the abdomen, the secretions of which, in addition to that of numerous minute 
glands in the walls of the alimentary canal, assist in the process of digestion. 


Alimentary Canal 


p Duodenum. 
Mouth. Small intestine - Jejunum. 
Pharynx. (Ileum. 
Œsophagus. Ceecum. 
Stomach. Large intestine {Goton. 
Rectum. 
Accessory Organs 
Teeth 
Parotid. Liver. 
Salivary glands | Submaxitlary Pancreas. 
Sublingual. 


_ The mouth (oral or buccal cavity) is placed at the commencement of the 
alimentary canal (fig. 705); it is a nearly oval-shaped cavity, in which the 
mastication of the food takes place. It consists of two parts: an outer, smaller 
portion, the vestibule (vestibulum oris), and an inner, larger part, the cavity 
proper of the mouth (cavum oris proprium). 

_ The vestibulum oris is a slit-like space, bounded in front and laterally by the 
lips and cheeks; behind and internally by the gumsand teeth. Itcommiunicates 
with the surface of the body by the aperture of the mouth. Above and below, it 
is limited by the reflection of the mucous membrane from the lips and cheeks to 
the gum covering the upper and lower alveolar arch respectively. It receives 
the secretion from the parotid glands, and communicates, when the jaws are 
closed, with the cavum oris by an aperture on each side behind the wisdom 
teeth, and bv narrow clefts between ovvosing teeth. 


THE MOUTH 1031 


The cavum oris proprium is bounded laterally and in front by the alveolar 
arches with their contained teeth ; behind, it communicates with the pharynx by 
a constricted aperture termed the isthmus faucium. It is roofed in by the hard 
and soft palate, while the greater part of the floor is formed by the tongue, the 
remainder being completed by the reflection of the mucous membrane from the 
sides and under surface of the tongue to the gum lining the inner aspect of the 
mandible. It receives the secretion from the submaxillary and sublingual glands. 

The mucous membrane lining the mouth is continuous with the integument at 
the free margin of the lips, and with the mucous lining of the pharynx behind ; 
it is of a rose-pink tinge during life,and very thick where it covers the hard 
parts bounding the cavity. It is covered by stratified epithelium. 

The lips are two fleshy folds which surround the orifice of the mouth, formed 
externally of integument and internally of mucous membrane, between which 


Fig. 705.—Sectional view of the nose, mouth, pharynx, &e. 





mi. Bristle passed through 
Y Stenson’s duct 


are found the Orbicularis oris muscle, the coronary vessels, some nerves, areolar 
tissue, and fat, and numerous small labial glands. The inner surface of each lip 
is connected in the middle line to the gurmof the corresponding jaw by a fold of 
mucous membrane, the frenum labii superioris and inferioris—the former being 
the larger of the two. 

The labial glands are situated between the mucous membrane and the 
Orbicularis oris, round the orifice of the mouth. They are circular in form, 
about the size of small peas, their ducts opening by minute orifices upon the 
mucous membrane. In structure they resemble the salivary glands. 

The cheeks form the sides of the face, and are continuous”in front with 
the lips. They are composed externally of integument; internally of mucous 
membrane; and between the two of a muscular stratum, besides a large quantity 
of fat, areolar tissue, vessels, nerves, and buccal glands. 
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The mucous membrane lining the cheek is reflected above and below upon the 
gums, and is continuous behind with the lining membrane of the soft palate. 
Opposite the second molar tooth of the upper Jaw 1s a, papilla, the summit of 
which presents the aperture of the duct of the parotid gland. The principal 
muscle of the cheek is the Buccinator; but numerous other muscles enter into 
its formation, viz.: the Zygomatici, Risorius, and Platysma myoides. 

The buccal glands are placed between the mucous membrane and Buccinator 
muscle: they are similar in structure to the labial glands, but smaller. About 
five of larger size than the rest are placed between the Masseter and Buccinator 
muscles around the distal extremity of Stenson’s duct; their ducts open in the 
mouth opposite the last molar tooth. They are called molar glands. 

The gums are composed of a dense fibrous tissue, closely connected to the 
periosteum of the alveolar processes, and surrounding the necks of the teeth, 
They are covered by smooth and vascular mucous membrane, which is remark- 
able for its limited sensibility. Around the necks of the teeth this membrane 
presents numerous fine papillae; and from this point it is reflected into the 
alveolus, where it is continuous with the periosteal membrane lining that 
cavity. 

Surgical Anatomy.—The gums are occasionally the seat of considerable hypertrophy, 
forming a lobulated, vascular fold growing up in front and behind the teeth, so as almost 
to bury them. They may also become swollen and congested, bleeding freely and often 
becoming ulcerated. The condition is known as spongy gums, and may occur in scurvy, 
from the administration of mercury, in stomatitis and dyspepsia, and in ill-fed tuberculous 
children. They are very tender, mastication is painful, and there is often considerable 
feetor. The margin of the gums presents a blue line in cases of lead-poisoning. The 
collection of tartar, which consists of the secretion from the gums, mixed with fragments 
of food and salivary salts, may give rise to a condition known as pyorrhea alveolaris, 
which is an inflammatory condition of the gums, followed by the gradual absorption 
of the alveolus and the falling out of the teeth. The condition, however, may occur 
independently of tartar, and by some is believed to be constitutional. Fibrous tumours 
(epulis), myeloid growths, and epithelioma are met with in the gums. 


Tue TEETH 


The human subject is provided with two sets of teeth, which make their 
appearance at different periods of life. Those of the first set appear in child- 
hood, and are called the temporary, deciduous, or milk teeth. Those of the 
second set, which also appear at an early period, continue until old age, and 
are named permanent. . 

The temporary teeth are twenty in number: four incisors, two canines, and 
four molars, in each jaw. 

The permanent teeth are thirty-two in number: four incisors (two central and 
two lateral), two canines, four bicuspids, and six molars, in each jaw. 

The dental formule may be represented as follows: 


Temporary Teeth 


. mol. can. in, in, can. mol. 
Upper jaw . TU I 2 : 2 I 2 
Lower jaw . ee I 2 2 I 2 agence 
Permanent Teeth 
; mol, bie. can. in, in, can. bic, mol. 
Upper jaw . 3 2 i ae z I 2 3 
Lower jaw . 3 2 I 2 2 I 2 Tatal 


General Characters. —Each tooth consists of three portions: the crown, or 
body, Projecting Lowa ae: ae root, consisting of one or more fangs 
rety concealed within the alveolus; and the neck, th i ion, 
ie the crown and root. eS ee 
| e roots of the teeth are firmly implanted within the alveoli ; these depres- 
sions are lined with periosteum, which is reflected on to the tooth at the pfit of 
the fang, and covers it as far as the neck. At the margin of the alveolus, the 
periosteum becomes continuous with the fibrous structure of the gums, i 
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In consequence of the curve of the dental arch, such terms as anterior, 
posterior, internal and external, as applied to the teeth, are misleading and con- 
fusing. Special terms are therefore applied to the different surfaces of a tooth : 
that surface which is directed towards the lips or cheek is known as the labial 
surface ; that which is directed towards the tongue is described as the lingual 
surface ; that surface which is directed towards the mesial line, supposing the 
teeth were arranged in a straight line outwards from the central incisor, is 
known as the proximal surface ; while that which is directed away from the 
mesial line is called the distal surface. 

The teeth in the upper jaw form a larger arch than those in the lower jaw, so 
that they slightly overlap those of the mandible both in front and at the sides in 
the normal condition. In consequence of the greater width of the upper central 
incisors over those of the lower, the other teeth in the upper jaw are thrown 
somewhat distally and the two sets do not quite correspond to each other when 
the mouth is closed: thus the canine tooth of the upper jaw rests partly on the 
canine of the lower jaw and partly on the first premolar, and in the molar teeth 
the cusps of the teeth of the upper jaw lie behind the corresponding cusps of 
the teeth of the lower jaw. The two series, however, terminate nearly at the 
same point behind; this is mainly due to the smaller size of the molars in the 
upper jaw. 


PERMANENT TEETH 


The incisors, or cutting teeth, are so named from their presenting a sharp 
cutting edge, adapted for biting the food. They are eight in number, and form 
the four front teeth in each jaw. 

The crown is directed vertically, and is chisel-shaped, being bevelled at 
the expense of its lingual surface, so as to present a sharp horizontal cutting 
edge, which, before being subjected to attrition, presents three small prominent 
points separated by two slight notches. It is convex, smooth, and highly 


Fia. 706.—Permanent teeth. Right side. (Burchard.) 





polished on its labial surface ; concave on its lingual surface, where, in the teeth 
of the upper jaw, it is frequently marked by a V-shaped eminence, situated near 
the gum, the apex, where the two arms of the eminence meet, being directed 
upwards. This is known as the basal ridge or cingulum. 

The neck is constricted. . l 

The fang is long, single, conical, transversely flattened, thicker in front than 
behind, and slightly grooved on each side in the longitudinal direction. 

The incisors of the upper jaw are altogether larger and stronger than those 
of the lower jaw. They are directed obliquely downwards and forwards. The 
two central ones are larger than the two lateral, and the root is more rounded. 

The incisors of the lower jaw are smaller than those of the upper Jaw: the 
two central ones are smaller than the two lateral, and are the smallest of all 
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the incisor teeth. They are placed vertically in the jaw and are somewhat 
bevelled in front, where they have been worn down by contact with the over- 
lapping edge of the upper teeth. The cingulum is absent. l 

The canine teeth are four in number: two in the upper, and two in the lower 
jaw; one being placed distally to each lateral incisor. They are larger and 
stronger than the incisors, especially the fangs, which sink deeply into the jaws, 
and cause well-marked prominences upon 
its surface. 

The crown is large and conical, very 
convex on its labial surface, a little hol- 
lowed and uneven on its lingual surface, 
and tapering to a blunted point or cusp, 
which projects beyond the level of the 
other teeth. 

The root is single, but longer and 
thicker than that of the incisors, conical 
in form, compressed laterally, and marked 
by a slight groove on each side. 

The upper canine teeth (popularly 
called eye-teeth) are larger and longer 
than the lower, and situated a little dis- 
tally to them. They usually present a 
distinct basal ridge. 

The lower canine teeth are placed mesially to the upper, so that their summits 
correspond to the interval between the upper canine tooth and the neighbouring 
incisors on each side. 

The bicuspid teeth (premolars, or false molars) are eight in number: four 
in each jaw, two being placed distally to each of the canine teeth. They are 
smaller and shorter than the canines. 

The crown is compressed proximo-distally, and surmounted by two pyramidal 
eminences, or cusps, separated by a groove; hence their name, bicuspid. Of the 
two cusps the labial is larger and more prominent than the lingual. 


Fie. 707.—Temporary teeth. Left side. 





Fig. 708.—Front and side views of the teeth and jaws. (Cryer.) 





The neck is oval. 


_, The root is generally single, compressed, and presents a deep groove on each 
side, which indicates a tendency in the root to become double. The apex is 
generally bifid. 

The upper bicuspids are larger, and present a greater tendency to the division 
of their roots than the lower; this is especially marked in the first upper bicuspid. 
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The molar teeth (multicuspidatt, or true molars) are the largest of the per- 
manent set and are adapted from the great breadth of their crowns for grinding 
and pounding the food. They are twelve in number: six in each jaw, three 
being placed distally to the second bicuspids. 

The crown is nearly cubical in form, convex on its labial and lingual surfaces, 
flattened on its proximal and distal aspects ; the upper surface being surmounted 
by four or five tubercles, or cusps (four in the upper, five in the lower molars), 
Repel see from each other by a crucial depression; hence their name, multi- 
cuspid. 

The neck is distinct, large, and rounded. 

The root is subdivided into two or three fangs : three in the teeth of the upper 
jaw, and two in those of the lower. Each of these fangs presents an aperture at 
its summit. 

The crown of the first molar tooth in the upper jaw has usually four cusps ; 
the root consists of three fangs, widely separated from one another, two being 
labial, the other lingual. 

The crown of the first molar tooth in the lower jaw is larger than that of the 
upper; it has five cusps, and its root consists of two fangs, one being placed 
proximally, the other distally: they are both compressed from before backwards, 
and grooved on their contiguous faces, indicating a tendency to division. 

The second molar is a little smaller than the first. 

The crown has three or four cusps in the upper, and usually five in the 
lower jaw. 

The root has three fangs in the upper jaw, and two in the lower, the characters 
of which are similar to those of the preceding tooth. 

The third molar tooth is called the wisdom-tooth (dens sapientie), from its late 
appearance through the gum. 

Its crown is nearly as large as that of the second molar, but is smaller than 
that of the first. In the upper jaw it.is usually furnished with three cusps, the 
two lingual ones being blended ; in the lower jaw there are five cusps as in the 
other molars. 

The root is generally single, short, conical, slightly curved, and grooved so 
as to present traces of a subdivision into three fangs in the upper, and two in 
the lower jaw. 


TEMPORARY TEETH 


The temporary or milk teeth are smaller, but, generally speaking, resemble 
in form the teeth which bear the same names in the permanent set. The hinder 
of the two temporary molars is the largest of all the milk teeth, and is succeeded 
by the second permanent bicuspid. The first upper molar has only three cusps 
—two labial, one lingual; the second upper molar has four cusps. The first 
lower molar has four cusps; the second lower molar has five. The fangs of 
the temporary molar teeth are smaller and more divergent than those of the 
permanent set, but in other respects bear a strong resemblance to them. 


QTRUCTURE OF THE TEETH 


On making a vertical section of a tooth (fig. 709), a cavity will be found in 
the interior. This cavity is situated in the interior of the crown and the centre 
of each fang, and opens by a minute orifice at the extremity of the latter. The 
shape of the cavity corresponds somewhat with that of the tooth; it forms what 
is called the pulp cavity, and contains a soft, highly vascular, and sensitive 
substance, the dental pulp. The pulp consists of a loose connective tissue con- 
sisting of fine fibres and cells ; it is richly supplied with vessels and nerves, which 
enter the cavity through the small aperture at the point of each fang. The cells 
of the pulp are partly found permeating the matrix, and partly arranged as a 
layer on the wall of the pulp cavity. These latter cells are named the odonto- 
blasts of Waldeyer. These cells, during the development of the tooth, are 
columnar in shape, but later on, after the dentine is fully formed, they become 
flattened and resemble the osteoblasts found in the osteogenetic layer of the 
periosteum of bone. They have two fine processes, the outer or distal one 
passing into a dental tubule, the inner being continuous with the processes of 
the connective-tissue cells of the pulp matrix. 
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The solid portion of the tooth consists of three distinct structures, viz. the 
proper dental substance, which forms the larger portion of the tooth, the ivory 
or dentine; a layer which covers the exposed part of the crown, the enamel; and 
a thin layer, which is disposed on the surface of the fang, the cement or crusta 


petrosa. l jas H 

The ivory, or dentine (fig. 711), forms the principal mass of a tooth; in its 

central part is the cavity enclosing the pulp. It isa modification of osseous 

tissue, from which it differs, however, in structure. On microscopic examination 
Fra. 710.—Vertical section of a 


Fra. 709.—Vertical section of a tooth in situ 
(15 diameters). molar tooth. 
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Fra. 711.—Vertical section of a 
bicuspid tooth. (Magnified.) 
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is placed in the pulp cavity, opposite the cervix or neck 
t is the crown, that below is 


of the tooth; the part above i 
1, Enamel with radial and concentric 


the root (fang). 
2. Dentine with tubules and incremental 


markings. 
lines. 3. Cement or crusta petrosa, with bone corpuscles, 
er jaw. 


4. Dental periosteum. s. Bone of low 





it is seen to consist of a number of minute wavy and branching tubes, havin 
distinct parietes. They are called the dentinal tubules, and eMedia in 
dense homogeneous substance, the intertubular tissue. 

The dentinal tubules (fig. 709) are placed parallel with one another, and 


open at their inner ends into the pulp cavity. In their course to the periphery 
they present two or three curves, and are twisted on themselves in a spiral 
direction. These tubes vary in direction : they are vertical in the upper portion 
of the crown, becoming oblique and then horizontal in the neck and upper 
part of the root, while towards the lower part of the root they are inclined 
downwards. The tubules, at their commencement, are about qsg of an inch 
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in diameter; in their course they divide and subdivide dichotomously, so as 
to give to the cut surface of the dentine a striated appearance. ~ From the sides 
of the tubes, especially in the fang, ramifications of extreme minuteness are 
given off, which join together in loops in the intertubular substance, or terminate 
in small dilatations, from which branches are given off. Near the periphery 
of the dentine, the finer ramifications of the tubules terminate imperceptibly 
by free ends. The dentinal tubules have comparatively thick walls, consisting, 
in addition to the intertubular tissue, of an elastic homogeneous membrane, the 
dentinal sheath of Neumann, which resists the action of acids; they contain 
slender cylindrical prolongations, first described by Tomes, and named Tomes’s 
fibres or dentinal fibres. These dentinal fibres are analogous to the soft contents 
of the canaliculi of bone. 

The intertubular substance is translucent, and contains the chief part of the 
earthy matter of the dentine. In it are a number of fine fibrils, which are con- 
tinuous with the fibrils of the dental pulp (Mummery). After the earthy matter 
has been removed by steeping a tooth in weak acid, the animal basis remain- 
ing may be torn into laminæ which 
run parallel with the pulp cavity, Fre. 712.—Transverse section of a portion of 
across the direction of the tubes. A the root of a canine tooth. (Magnified 
section of dry-dentine often displays 300 diameters.) 

a series of somewhat parallel lines— 
the incremental lines of Salter. These - — 
lines are composed of imperfectly ht eer 
calcified dentine arranged in layers. a aaa = 
In consequence of the imperfection in Za 
the calcifying process, little irregular 

cavities are left, termed imterglobular 
spaces. These spaces are found espe- 
cially towards the outer surface of 
the dentine, where they form a layer, 
which is sometimes known as the 
granular layer (fig. 712). They have 
received their name from the fact 
that they are surrounded by minute 
nodules or globules of dentine. Other 
curved lines may be seen parallel to 
the surface. These are the lines of 
Schreger, and are due to the optical 
effect of simultaneous curvature of 
the dentinal fibres. 

Chemical Composition.—According 
to Berzelius and Bibra, dentine con- 
sists of 28 parts of animal and 72 of 
earthy matter. The animal matter is 
resolvable by boiling into gelatin. The 
earthy matter consists of phosphate 
of lime, carbonate of lime, a trace of 
fluoride of calcium, phosphate of 
magnesia, and other salts. 

The enamel is the hardest and most compact part of a tooth, and forms a 
thin crust over the exposed part of the crown, as far as the commencement 
of the fang. It is thickest on the grinding surface of the crown, until worn 
away by attrition, and becomes thinner towards the neck. It consists of minute 
hexagonal rods or columns. They lie parallel with one another, resting by 
one extremity upon the dentine, which presents a number of minute depressions 
for their reception; and forming the free surface of the crown by the other 
extremity. The columns are directed vertically on the summit of the crown, 
horizontally at the sides; they are about 5455 of an inch in diameter, and 
pursue a more or less wavy course. Hach column is a six-sided prism and 
presents numerous dark transverse shadings ; these shadings are probably due to 
the manner in which the columns are developed in successive stages, producing 
shallow constrictions, as will be subsequently explained. Another series of lines, 
having a brown appearance, and denominated the parallel strie or coloured lines 
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of Retzius, are seen on a section of the enamel. According to Ebner, they are 
produced by air in the interprismatic spaces; others believe that they are the 
result of true pigmentation. 

Numerous minute interstices intervene between the enamel fibres near their 
dentinal ends, a provision calculated to allow of the permeation of fluids from 
the dentinal tubule into the substance of the enamel. It is a disputed point 
whether the dentinal fibres penetrate a certain distance between the rods of the 
enamel or not. No nutritive canals exist in the enamel. 

Chemical Composition.—According to Bibra, enamel consists of 96°5 per cent. 
of earthy matter, and 3'5 per cent. of animal matter.* The earthy matter 
consists of phosphate of lime, with traces of fluoride of calcium, carbonate of 
lime, phosphate of magnesia, and other salts. 

The crusta petrosa, or cement, is disposed as a thin layer on the roots of the 
teeth, from the termination of the enamel, as far as the apex of the fang, where 
it is usually very thick. In structure and chemical composition it resembles 
bone. It contains, sparingly, the lacuns and canaliculi which characterise true 
bone ; the lacuna placed near the surface have the canaliculi radiating from the 
side of the lacunæ towards the periodontal membrane; and those more deeply 
placed join with the adjacent dental tubules. In the thicker portions of the 
crusta petrosa, the lamellae and Haversian canals peculiar to bone are also found. 


As age advances, the cement increases in thickness, and gives rise to those bony 
growths, or exostoses, so common in the teeth of the aged; the pulp cavity also becomes 
partially filled up by a hard substance, intermediate in structure between dentine and 
bone (osteo-dentine, Owen; secondary dentine, Tomes). It appears to be formed by a 
slow conversion of the dental pulp, which shrinks, or even disappears. 


DEVELOPMENT OF THE TEETH 


In describing the development of the teeth, the mode of formation of 
the temporary or milk teeth must first be considered, and then that of the 
permanent series. 

Development of the temporary teeth_—The development of these teeth begins 
at a very early period of foetal life—about the sixth week. .It commences as a 
thickening of the epithelium along the line of the future jaw; the thickening 
being due to a rapid multiplication of the more deeply situated epithelial cells. 
As these cells multiply they extend into the subjacent mesoblast, and thus form 
a semicircular ridge or strand of cells, enclosed by mesoblast. About the 
seventh week a longitudinal splitting or cleavage of this strand of cells takes 
place, and it becomes divided into two strands; the separation beginning in 
front and extending eon the process occupying four or five weeks. Of 
the two strands thus formed, the outer or labial forms the future labio-dental 
furrow, and is therefore termed the labio-dental strand: while the other, the 
inner or lingual, is the ridge of cells in connection with which the teeth, both 
temporary and permanent, are developed. Hence it is known as the dental 
lamina or common dental germ. Tt forms a flat band of cells, which grows into 
the substance of the embryonic jaw, at first horizontally inwards, and then, as 
the teeth develop, vertically, i.e. upwards in the upper jaw, and downwards 
in the lower jaw. While still maintaining a horizontal direction, it has two 
edges: one, the attached edge, which is continuous with the epithelium lining 
the mouth ; the other, the free edge, projecting inwards, and embedded in the 
mesoblastic tissue of the embryonic jaw. Along its line of attachment to the 
buccal epithelium is a shallow groove, the dental furrow. 

About the ninth week this dental lamina begins to develop enlargements 
along its free border. These are ten in number in each jaw, and each corre- 
sponds to a future milk tooth. They consist of masses of epithelial cells; and 
the cells of the deeper part—that is, the part farthest from the margin of the 
Jaw—increase rapidly and spread out in all directions. Each mass thus comes 
to assume a flask shape, connected with the general epithelial lining of the mouth 
by a narrow neck, embraced by mesoblast. They are now known as special dental 


* Tomes disputes this, and says that enamel is an inorganic substance, and that what 


te regarded as organic matter is in reality merely water in combination with the 
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germs. After a time the lower expanded portion, or body of the flask, inclines 
outwards, so as to form an angle with the superficial constricted portion, 
which is sometimes known as the neck of the special dental germ. About the 
tenth week the mesoblastic tissue beneath these special dental germs becomes 
differentiated into papilla; these grow upwards, and come in contact with the 
epithelial cells of the special dental germs, which become folded over them like 
a hood or cap. There is, then, at this stage a i or papille, which have 
already begun to assume somewhat the shape of the crown of the future tooth, 
and from which the dentine and pulp of the tooth are formed, surmounted by a 
dome or cap of epithelial cells, from which the enamel is derived. 

In the meantime, while these changes have been going on, the dental lamina 
has been extending backwards behind the special dental germ corresponding to 
the second molar tooth of the temporary set, and at about the seventeenth week 
it presents an enlargement, the special dental germ for the first permanent 
molar, soon followed by the formation of a papilla in the mesoblastic tissue for 
the same tooth. This is followed by a further extension backwards of the dental 
lamina, with the formation of another enlargement and its corresponding papilla 


Fra. 713.—Vertical section of the inferior maxilla of an early human foetus. 
(Magnified 25 diameters ) 
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about the sixth month after birth for the second molar. And finally the process 
is repeated for the third molar, its papilla appearing about the fifth year of life. 

After the formation of the special dental germs, the dental lamina undergoes 
atrophic changes and becomes cribriform, except on the lingual and lateral 
aspects of each of the special germs of the temporary teeth, where it undergoes 
a local thickening, forming the special dental germ of each of the successional 
permanent teeth—i.e. the ten anterior ones in each jaw. Here the same process 
goes on as has been described in connection with those of the milk teeth: that 
is, they recede into the substance of the gum behind the germs of the-temporary 
teeth. As they recede they become flask-shaped, form an expansion at their 
distal extremity, and finally meet a papilla, which has been formed in the meso- 
blast, just in the same manner as was the case in the temporary teeth. The 
apex of the papilla indents the dental germ, which encloses it, and forming a 
cap for it, becomes converted into the enamel, while the papilla forms the 
dentine and pulp of the permanent tooth. 

The special dental germs consist at first of rounded or polyhedral epithelial 
cells; after the formation of the papille, these cells undergo a differentiation into 
three classes. Those which are in immediate contact with the papilla become 
elongated, and form a layer of well-marked columnar epithelium coating the 
papilla. They are the cells which form the enamel fibres, and are therefore 
termed enamel cells or adamantoblasts. The cells of the outer layer of the special 
dental germ, which are in contact with the inner surface of the dentinal sac, 
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be described, are much shorter, cubical in form, and are named 
<< enamel epithelium. All the intermediate round cells of the dental 
germ between these two layers undergo a peculiar change. They become 
stellate in shape and develop processes, which unite to form a network into 
which fluid is secreted, which has the appearance of a jelly, and to which 
the name of enamel pulp is given. This transformed special dental germ is 
now known under the name of enamel organ. 

While these changes are going on, a sac is formed around each enamel organ 
from the surrounding mesoblastic tissue. This is known as the dental sac, and 
is a vascular membrane of connective tissue. It grows up from below, and thus 
encloses the whole tooth germ; as it grows it causes the neck of the enamel 
organ to atrophy and disappear ; so that all communication between the enamel 
organ and the superficial epithelium is cut off. At this stage there are vascular 
papille surmounted by inverted caps of epithelial cells, the whole being sur- 
rounded by membranous sacs. The cap consists of an internal layer of cells— 
the enamel cells or adamantoblasts—in contact with the papilla; of an external 
layer of cells—the external enamel epithelium—lining the interior of the dentinal 

sac; and of an intermediate mass of stel- 
Fic. 714.—Dental sac of a human late cells, with anastomosing processes— 

embryo at an advanced stage of de- the enamel pulp (fig. 714). 

velopment. Partly diagrammatic. Formation of the enamel.—The enamel 
is formed exclusively from the enamel 
cells or adamantoblasts of the special 
dental germ, either by direct calcification 
of the columnar cells, which become 
elongated into the hexagonal rods of the 
enamel ; or, as is believed by some, as a 

Wie secretion from the adamantoblasts, within 
SOS which calcareous matter is subsequently 
Pee We deposited. 

The process begins at the apex of each 
cusp, at the end of the enamel cells, in 
contact with the dental. papilla. Here a 
fine globular deposit takes place, being 
apparently shed from the end of the ada- 
mantoblasts. It is known by the name 
of enamel droplet, and resembles keratin 
in its resistance to the action of mineral 
acids. This droplet then calcifies and 
forms the first layer of the enamel; a 

= second droplet now appears and calcifies, 
«Wl aea aea of commective tieng with and so on ; successive droplets of keratin- 
organ. c, The external enamel epithelium, g. The like material are shed from the adaman- 
o i Transition of the wall of the follicle into the tOblasts and form successive layers of 
tissue of the dental germ. enamel, the adamantoblasts gradually re- 
ceding as each layer is produced, until at 
the termination of the process they have almost disappeared. The intermediate 
cells of the enamel pulp atrophy and disappear, so that the newly formed. 
calcified material and the external enamel epithelium come into apposition. 
This latter layer, however, soon disappears on the emergence of the tooth 
beyond the gum. After its disappearance the crown of the tooth is still covered 
by a distinct membrane, which remains persistent for some time. This is 
known as the cuticula dentis, or Nasmyth’s membrane, and is believed to be 
the last-formed layer of enamel derived from the adamantoblast, which has not 
become calcified. It forms a horny layer, which may be separated from the 
subjacent calcified mass by the action of strong acids. It is marked by the 
hexagonal impressions of the enamel prisms, and when stained by nitrate of 
silver, shows the characteristic appearance of epithelium. 

Formation of the dentine.—While these changes are taking place in the 
epithelium to form the enamel, contemporaneous changes are occurring in the 
differentiated mesoblast of the dental papillæ which result in the formation of 
the dentine. As before stated, the first germ of the dentine consists in the 
formation of papille, corresponding in number to the teeth, from the soft 
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mesoblastic tissue which bounds the depressions containing the special enamel 
germ. The papille grow upwards into the enamel germ and become covered 
by it, both being enclosed in a vascular connective tissue, the dentinal sac, in 
the manner above described. Each papilla then constitutes the formative pulp 
from which the dentine and permanent pulp are developed; it consists of 
rounded cells, and is very vascular, and soon begins to assume the shape of 
the future tooth. The next step is the appearance of the odontoblasts, which 
have a relation to the development of the teeth similar to that of the osteoblasts 
in the formation of bone. They are formed from the cells of the periphery 
of the papilla—that is to say, from the cells in immediate contact with the 
adamantoblasts of the special dental germ. These cells become elongated ; 
one end of the elongated cell resting against the epithelium of the special 
dental germs, the other being tapered and often branched. By the direct 
transformation of the peripheral ends of these cells, or by a secretion from 
them, a layer of uncalcified matrix is formed which caps the cusp or cusps, if 
there are more than one, of the papilla. In this matrix islets of calcification 
make their appearance, and coalescing give rise to a continuous layer of calcified 
material, which caps each cusp and constitutes the first layer of dentine. The 
odontoblasts having thus formed the first layer, retire towards the centre 
of the papilla, and as they do so produce successive layers of dentine from 
their peripheral extremities—that is to say, they form the dentinal matrix in 
which calcification subsequently takes place. As they thus retire from the 
periphery of the papilla, they leave behind them filamentous” processes of 
cell protoplasm, provided with finer side processes; these are surrounded 
by calcified material, and thus form the dentinal tubules, and, by their side 
branches, the anastomosing tubules, whereby the dentinal tubules communicate : 
the processes of protoplasm contained within them, constituting the dentinal fibres 
(Tomes’ fibres) which, as mentioned above, are found within the tubules. In 
this way the entire thickness of the dentine is developed, each tubule being 
completed throughout its whole length by a single odontoblast. The central part 
of the papilla does not undergo calcification, but persists as the pulp of the tooth. 
In this process of formation of dentine it has been shown that an uncalcified 
matrix is first developed, and that in this matrix islets of calcification appear, 
which subsequently blend together to form a cap to each cusp: in like manner 
successive layers are produced, which ultimately become blended with each 
other. In certain places this blending is not complete, portions .of the matrix 
remaining uncalcified between the successive layers; this gives rise, in the 
macerated tooth, to little spaces, which are the interglobular spaces alluded to 
above. 

Formation of the cement.—The root of the tooth begins to be formed shortly 
before the crown emerges through the gum, but is not completed until some 
time afterwards. It is produced by a downgrowth of the epithelium of the 
dental germ, which extends almost as far as the situation of the apex of the 
future fang, and determines the form of this portion of the tooth. This fold 
of epithelium is known as the epithelial sheath, and on its papillary surface 
odontoblasts appear, which in turn form dentine, so that the dentine 
formation is identical in the crown and root of the tooth. After the dentine 
of the root has been developed, the vascular tissues of the dental sac begin to 
break through the epithelial sheath, and spread over the surface of the fang 
as a layer of bone-forming material. In this osteoblasts make their appearance, 
and the process of ossification goes on in identically the same manner as in the 
ordinary intra-membranous ossification of bone. In this way the cement is 
formed, and consists of ordinary bone, containing canaliculi and lacune. | 

Formation of the panies oa the fourteenth week of embryonic life the 
dental lamina becomes enclosed in a trough or groove of mesoblastic tissue, 
which at first is common to all the dental germs, but subsequently becomes 
divided, by bony septa, into loculi, each loculus containing the special dental germ 
of a temporary tooth and its corresponding permanent tooth. After birth each 
cavity becomes subdivided, so as to form separate loculi (the future alveoli) for 
the milk tooth and its corresponding permanent tooth. Although at one time 
the whole of the growing tooth is contained in the cavity of the alveolus, the latter 
never completely encloses it, since there is always an aperture over the top of 
the crown filled by soft tissue, by which the dental sac is connected with the 
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surface of the gum, and which in the permanent teeth is called the gubernaculum 
dentis. 

Development of the permanent teeth.—The permanent teeth as regards their 
development may be divided into two sets: (1) those which replace the temporary 
teeth, and which, like them, are ten in number in each jaw; these are the succes- 
sional permanent teeth; and (2) those which have no temporary predecessors, 
but are superadded at the back of the temporary dental series. These are three 
in number on either side in each jaw, and are termed superadded permanent 
teeth. They are the three molars of the permanent set, the molars of the tem- 
orary set being replaced by the premolars or bicuspids of the permanent set. 
he sereloumert of the successional permanent teeth—the ten anterior ones 
in either jaw—vwill first be considered. As already stated, the original dental 
lamina, after the formation of the special dental germs of the temporary teeth, 
undergoes atrophic changes, except at one spot behind and lateral to each of the 
special germs of the milk teeth; here a local thickening takes place, and forms 
the special dental germ of each successional permanent tooth. In each of these, 
identically the same changes go on as took place in the special germs of the 
temporary teeth: they elongate and recede into the gum behind the germs of 
the milk teeth; a papilla springs up from the mesoblastic tissue to meet them, 
and the two become enclosed in a dental sac; the formation of the dentine and 
enamel takes place in the same way as in the temporary teeth. During their 
development the permanent teeth, enclosed in their sacs, come to be placed on 
the lingual side of the temporary teeth and more distant from the margin of the 
future gum, and, as already stated, are separated from them by bony partitions. 
As the crown of the permanent tooth grows, absorption of these bony partitions 
and of the fang of the temporary tooth takes place, through the agency of 
osteoclasts, which appear at this time, and finally nothing but the crown of the 
temporary tooth remains. This is shed or removed, and the permanent tooth 
takes its place. 

The superadded permanent teeth are developed in the manner already 
described, by extensions ba¢kward of the posterior part of the dental lamina of 
the immediately preceding tooth. About the seventeenth week, that portion 
of the common dental germ of the last temporary tooth which lies behind the 
tooth, and which has remained unaltered, is prolonged backwards, and forms 
the special dental germ of the first permanent molar, and into this a papilla 
projects. In a similar manner about the fourth month after birth, a further 
extension backwards having taken place, a second enlargement occurs, into 
which a papilla projects about the sixth month, and thus the rudiment of the 
second molar is formed. Finally a third enlargement takes place, posterior to 
the other two, for the third molar, and its papilla becomes visible about the 
fifth year. 

Eruption.— When the calcification of the different tissues of the tooth is 
sufficiently advanced to enable it to bear the pressure to which it will be after- 
wards subjected,. its eruption takes place ; the tooth making its way through the 
gum. The gum is absorbed by the pressure of the crown of the tooth against 
it, which is itself pressed up by the increasing size of the fang. At the same 
time the septa between the dental sacs, at first fibrous in structure, ossify, and 
constitute the alveoli; these firmly embrace the necks of the teeth, and afford 
them a solid basis of support. 

_ The eruption of the temporary teeth commences at the seventh month, and 
is completed. about the end of the second year, those of the lower jaw preceding 
those of the upper. 

The following, according to C. S. Tomes, are the most usual times of eruption: 


Lower central incisors . ; . 6to g months. 
Upper incisors . , . A , . : . 8 to 10 months. 
Lower lateral incisors and first molars . 15 to 21 months. 
Canines . anae : : . . 16 to 20 months. 
Second molars . : , . 20 to 24 months. 


Calcification of the permanent teeth proceeds in the following order in the 
ea ; in the upper jaw it takes place a little later : the first molar, soon 
ter birth; the central and lateral incisors, and the canine, about six months 


THE PALATE 1043 


after birth ; the bicuspids, at the second year, or a little later ; the second molar, 
about the end of the second year ; third molar, about the twelfth year. 

The eruption of the permanent teeth takes place at the following periods, the 
teeth of the lower jaw preceding those of the upper by a short interval : 


First molars . . . . . . .  . 6th year. 
Two central incisors . ; _ = . 7th year. 
Two lateral incisors . . , ; } ; . 8th year. 
First bicuspids . . . ; ; . oth year. 
Second bicuspids ; . roth year. 
Canines. ; : ; ' 11th to 12th year. 
Second molars . a ae 12th to 13th year. 
‘t Wisdom ’ teeth . i À : ; : 17th to 25th year. 


Towards the sixth year, before the shedding of the temporary teeth begins, 
there are twenty-four teeth in each jaw, viz. the ten temporary teeth and the 
crowns of all the permanent teeth except those of the third molars. 


THE PALATE 


The palate forms the roof of the mouth : it consists of two portions, the hard 
palate in front, the soft palate behind. 

The hard palate is bounded in front and at the sides by the alveolar arches 
and gums; behind, it is continuous with the soft palate. It is covered by a 
dense structure formed by the periosteum and mucous membrane of the mouth, 
which are intimately adherent. Along the middle line is a linear ridge or 
raphé, which terminates anteriorly in a small papilla, corresponding with the 
inferior opening of the anterior palatine fossa. On either side and in front 
of the raphé the mucous membrane is thick, pale in colour, and corrugated ; 
behind, it is thin, smooth, and of a deeper colour: it is covered with squamous 
epithelium, and furnished with numerous glands (palatal glands), which lie 
between the mucous membrane and the surface of the bone. 

The soft palate (velum pendulum palati) is a movable fold, suspended from 
the posterior border of the hard palate, and forming an incomplete septum 
between the mouth and pharynx. It consists of a fold of mucous membrane 
enclosing muscular fibres, an aponeurosis, vessels, nerves, adenoid tissue, and 
mucous glands. When occupying its usual position (i.e. relaxed and pendent), 
its anterior surface is concave, continuous with the roof of the mouth, and 
marked by a medium ridge or raphé, which indicates its original separation into 
two lateral halves. Its posterior surface is convex, and continuous with the 
mucous membrane covering the floor of the posterior nares. Its upper border is 
attached to the posterior margin of the hard palate, and its sides are blended 
with the pharynx. Its lower border is free. 

Hanging from the middle of its lower border is a small, conical-shaped, 

endulous process, the uvula ; and arching outwards and downwards from the 
aie of the uvula on each side are two curved folds of mucous membrane, 
containing muscular fibres, called the arches or pillars of the soft palate or 
pillars of the fauces. . 

The anterior pillars run downwards, outwards, and forwards to the sides of 
the base of the tongue, and are formed by the projection of the Palato-glossi 
muscles, covered by mucous membrane. l 

The posterior pillars are nearer to each other, and larger than the anterior ; 
they run downwards, outwards, and backwards to the sides of the pharynx, 
and are formed by the projection of the Palato-pharyngei muscles, covered by 
mucous membrane. The anterior and posterior pillars are separated below 
by a triangular interval, in which the tonsil is lodged. _ 

The aperture by means of which the mouth communicates with the pharynx 
is called the isthmus of the fauces. It is bounded, above, by the soft palate ; 
below, by the dorsum of the tongue ; and on each side, by the anterior pillar of 
the fauces. bs anal 

The mucous membrane of the soft palate is thin, and covered with squamous 
epithelium on both surfaces, excepting near the orifice of the Eustachian tube, 
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it is columnar and ciliated.* Beneath the mucous membrane on the oral 
= the soft palate is a considerable amount of adenoid tissue. The 
palatine glands form a continuous layer on its posterior surface and round the 

l ; 

“The aponeurosis of the soft palate is a thin but firm fibrous layer attached 
above to the posterior border of the hard palate, and becoming thinner towards 
the free margin of the velum. Laterally, it is continuous with the pha ngeal 
aponeurosis, It forms the framework of the soft palate, and is joined y the 
tendon of the Tensor palati muscle. 

The muscles of the soft palate are five on each side: the Levator palati, Tensor 
palati, Azygos uvule, Palato-glossus, and Palato-pharyngeus (see page 458). 
The following is the relative position of the structures in a dissection of the 
soft palate from the posterior or pharyngeal to the anterior or oral surface. 
Immediately beneath the mucous membrane is a thin stratum of muscular fibres, 
the posterior fasciculus of the Palato-pharyngeus muscle, joining with its fellow 
of ie opposite side in the middle line. Beneath this is the Azygos uvule, 
consisting of two rounded fleshy fasciculi which are in contact with each other in 
the median line of the soft palate. Next comes the aponeurosis of the Levator 
palati joining with the muscle of the opposite side in the middle line. Fourthly, 
the anterior fasciculus of the Palato-pharyngeus, thicker than the posterior, and 
separating the Levator palati from the next muscle, the Tensor palati. This 
muscle terminates in a tendon which, after Winding round the hamular process, 
expands into a broad aponeurosis in the soft palate, anterior to the other 
muscles which have been enumerated. Finally we have a thin muscular 
stratum, the Palato-glossus muscle, placed in front of the aponeurosis of the 
Tensor palati, and separated from the oral mucous membrane by glands and 
adenoid tissue. 


Tae Sativary Guanps (fig. 71 5) 


The principal salivary glands communicating with the mouth, and pouring 
their secretion into its cavity, are the parotid, submaxillary, and sublingual. 

The parotid gland, so called from being placed near the ear (rapá, near ; ods, 
ùrós, the ear), is the largest of the three saliva glands, varying in weight from 
half an ounce to an ounce. It lies upon the side of the face, immediately below 
and in front of the external ear. It is limited above by the zygoma: below, by 


anteriorly, it extends to a variable extent over the Masseter muscle ; osteriorly, 
it is bounded by the external meatus, the mastoid process, and the Sterno- 


behind the styloid process, and projects beneath the mastoid process and the 
tyloid process, and 


through the gland. It is also traversed by the faci 
which emerge at its anterior border ; branches 


* According to Klein, the mucous membrane on the nasal su 
in the foetus is covered throughout by columnar ciliated epitheli 
becomes squamous; and some anatomists state that it is coy 
epithelium, except at its free margin, throughout life. 


rface of the soft palate 
um, which subsequently 
ered with columnar ciliated 
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inferior maxillary nerve emerges from the upper part of the gland. The internal 
carotid artery and internal |S vein lie close to its deep surface. 
_ The duct of the parotid gland (Stenson’s) is about two inches and a half 
in length. It commences by numerous branches from the anterior part of the 
gland, crosses the Masseter muscle, and at its anterior border it turns inwards 
nearly at a right angle and passes into the substance of the Buccinator muscle, 
which it pierces ; it then runs for a short distance obliquely forwards between 
the Buccinator and mucous membrane of the mouth, and opens upon the inner 
surface of the cheek by a small orifice, opposite the second molar tooth of the 
upper jaw. While crossing the Masseter it receives the duct of a small detached 
portion of the gland, socia parotidis, which occasionally exists as a separate lobe, 
just beneath the zygomatic arch. In this position it has the transverse facial 
artery above it and some branches of the facial nerve below it. 

Structure.—The parotid duct is dense, its wall being of considerable thick- 
ness; its canal is about the size of a crow-quill, but at its orifice on the inner 


Fre. 715.—The salivary glands. 
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aspect of the cheek its lumen is greatly reduced in size; it consists of a thick 
external fibrous coat which contains contractile fibres, and of an internal or 
mucous coat lined with short columnar epithelium. 


Surface Form.—The direction of the duct corresponds to a line drawn across the face 
about a finger’s breadth below the zygoma—that is, from the lower margin of the concha 
to midway between the red margin of the upper lip and the ala of the nose. 


Vessels and Nerves.—The arteries supplying the parotid gland are derived 
from the external carotid, and from the branches given off by that vessel in 
or near its substance. The veins empty themselves into the external jugular, 
through some of its tributaries. The lymphatics terminate in the superficial 
and deep cervical glands, passing in their course through two or three lymphatic 
glands, placed on the surface and in the substance of the parotid. The nerves 
are derived from the plexus of the sympathetic on the external carotid artery, 
the facial, the auriculo-temporal, and great auricular nerves. 

It is probable that the branch from the auriculo-temporal nerve is derived 
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from the glosso-pharyngeal through the otic ganglion (see page 868). At all 
events, in some of the lower animals this has been proved experimentally to be 
the case. 

The submaxillary gland is situated below the jaw, in the anterior part of the 
submaxillary triangle of the neck. It is irregular in form, and weighs about two 
drachms. It is covered by the integument, Platysma, deep cervical fascia, and 
the body of the lower jaw, corresponding to a depression on the inner surface 
of that bone; and hes upon the Mylo-hyoid, Hyo-glossus, and Stylo-glossus 
muscles, a portion of the gland passing beneath the posterior border of the 
Mylo-hyoid. In front of it is the anterior belly of the Digastric ; behind, it is 
separated from the parotid gland by the stylo-mandibular ligament, and in front 
from the sublingual gland by the Mylo-hyoid muscle. The facial artery lies 
embedded in a groove in its posterior and upper border. 

The duct of the submaxillary gland (Wharton’s) is about two inches in length, 
and its walls are much thinner than those of the parotid duct. It commences by 
numerous branches from the deep portion of the gland which lies on the upper 
surface of the Mylo-hyoid muscle, and passes forwards and inwards between the 
Mylo-hyoid and the Hyo-glossus and Genio-hyo-glossus muscles, then between 
the sublingual gland and the Genio-hyo-giossus, and opens by a narrow orifice 
on the summit of a small papilla, at the side of the frenum lingue. On the 
Hyo-glossus muscle it lies between the lingual and hypoglossal nerves, but at 
the anterior border of the muscle it crosses under the lingual nerve, and is then 
placed above it. 

Vessels and Nerves.—The arteries supplying the submaxillary gland are 
branches of the facial and lingual. Its veins follow the course of the arteries. 
The nerves are derived from the submaxillary ganglion, through which it receives 
filaments from the chorda tympani of the facial and lingual branch of the inferior 
maxillary, sometimes from the mylo-hyoid branch of the inferior dental, and 
from the sympathetic. 

The sublingual gland is the smallest of the salivary glands. It is situated 
beneath the mucous membrane of the floor of the mouth, at the side of the 
frenum linguæ, in contact with the inner surface of the lower jaw, close to the 
symphysis. It is narrow, flattened, shaped somewhat like an almond, and 
weighs about a drachm. It is in relation, above, with the mucous membrane; 
below, with the Mylo-hyoid musele; in front, with the lower jaw, and its 
fellow of the opposite side; behind, with the deep part of the submaxillary 
gland; and internally, with the Genio-hyo-glossus, from which it is separated 
by the lingual nerve and Wharton’s duct. Its excretory ducts (ducts of Rivinus) 
are from eight to twenty in number; some join Wharton’s duct: others open 
Separately mto the mouth, on the elevated crest of mucous membrane, caused 
by the projection of the gland, on either side of the frenum linguæ. One or 
more join to form a tube, which opens into the Whartonian duct: this is called 
the duct of Bartholin. 

Vessels and Nerves.—The sublingual gland is supplied with blood from the 
sublingual and submental arteries. Its nerves are derived from the lingual, 
the chorda tympani, and sympathetic. 

Structure of Salivary Glands.—The salivary are compound racemose glands, 
consisting of numerous lobes, which are made up of smaller lobules, connected 
together by dense areolar tissue, vessels, and ducts. Each lobule consists of 
the ramifications of a single duct, ‘branching frequently in a tree-like manner,’ 
the branches terminating in dilated ends or alveoli on which the capillaries are 
distributed. These alveoli, however, as Pflüger points out, are not necessarily 
spherical, though they may assume that form ; sometimes they are perfectly 
cylindrical, and very often they are mutually compressed. The alveoli are 
enclosed by a basement-membrane, which is continuous with the membrana 
propria of the duct. It presents a peculiar reticulated structure, having the 
appearance of a basket with open meshes, and consisting of a network of 
branched and flattened nucleated cells. 

The alveoli of the salivary glands are of two kinds, which differ in the 
appearance of their secreting cells, in their size, and in the nature of.their 
secretion. The one variety secretes a ropy fluid, which contains mucin, and 
has therefore been named the mucous; while the other secretes a thinner and 
more watery fluid, which contains serum-albumin, and has been named serous or 
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albuminous. The sublingual gland consists of mucous, the parotid of serous 
alveoli. The submaxillary contains both mucous and serous alveoli, the latter 
however, preponderating. 

Both kinds of alveoli are lined by cells, and it is by the character of these 
cells that the nature of the gland is chiefly to be determined. In addition, how- 
ever, the alveoli of the serous glands are smaller than those of the mucous ones. 

The cells in the mucous alveoli are spheroidal in shape, glassy, transparent, 
and dimly striated in appearance. The nucleus is usually situated in the part 
of the cell which is next the basement-membrane, against which it is sometimes 
flattened. The most remarkable peculiarity presented by these cells is, that 
each gives off an extremely fine process, which is curved in a direction parallel 
to the surface of the alveolus, lies in contact with the membrana propria, and 
overlaps the processes of neighbouring cells. The cells contain a quantity of 
mucin, to which their clear, transparent appearance is due. 

Here and there in the alveoli are seen peculiar half-moon-shaped_ bodies, 
lying between the cells and the membrana propria of the alveolus. They are 
termed the crescents of Gianwzzi, or the demilunes of Heidenhain (fig. 716), and 
are composed of polyhedral granular cells, which Heidenhain regards as young 
epithelial cells destined to supply the place of those salivary cells which have 
undergone disintegration. This view, however, is not accepted by Klein. 


Fia. 716.—A highly magnified section of the submaxillary gland of the dog, 
stained with carmine. (Kolliker.) 
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Serous alveolii—iIn the serous alveoli the cells almost completely fill the 
cavity, so that there is hardly any lumen perceptible. Instead of presenting the 
clear transparent appearance of the cells of the mucous alveoli, they exhibit 
a granular appearance, due to distinct granules, of an albuminous nature, 
embedded in a closely reticulated protoplasm. 

The ducts which originate out of the alveoli are lined at their commencement 
by epithelium which differs little from the pavement type. As the ducts enlarge, 
the epithelial cells change to the columnar type, and the part of the cell next 
the basement-membrane is finely striated. The lobules of the salivary glands 
are richly supplied with blood-vessels which form a dense network in the 
inter-alveolar spaces. Fine plexuses.of nerves are also found in the interlobular 
tissue. The nerve-fibrils pierce the basement-membrane of the alveoli, and end 
in branched varicose filaments between the secreting cells. There is no doubt 
that ganglia are to be found in some salivary glands in connection with the 
nerve-plexuses in the interlobular tissue ; they are present in the submaxillary, 
but not in the parotid. 

In the submaxillary and sublingual glands the lobes are larger and more 
loosely united than in the parotid. 

Mucous Glands.—Besides the salivary glands proper, numerous other glands 
are found in the mouth. In addition to keeping the mouth moist during the 
intervals when food is not being masticated, they assist the larger salivary glands 
in the insalivation of the food. Many of these glands are found at the posterior 
part of the dorsum of the tongue, behind the circumvallate papillæ, and also 
along its margins as far forwards as the apex. Others lie around and in the 
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tonsil between its crypts, and large numbers are present in the soft palate, 
the lips and cheeks. These glands are of the same structure as the larger 
salivary glands, and are of the mucous or mixed type. 


Surface Form.—The orifice of the mouth is bounded by the lips: two thick, fleshy 
folds covered externally by integument and internally by mucous membrane, and con- 
sisting of muscles, vessels, nerves, areolar tissue, and numerous small glands. The size 
of the orifice of the mouth varies. considerably in different individuals, but seems to bear 
a close relation to the size and prominence of the teeth. Its corners usually correspond 
to the outer border of the canine teeth. In the Mongolian tribes, where the front 
teeth are large and inclined forward, the mouth is large; and this, combined with the 
thick and everted lips, which appear to be associated with prominent teeth, gives to 
the Negro’s face much of the peculiarity by which it is characterised. The smaller teeth, 
and the slighter prominence of the alveolar arch of the more highly civilised races, 
render the orifice of the mouth much smaller, and thus a small mouth is an indication of 
intelligence, and is regarded as an evidence of the higher civilisation of the individual. 

Upon looking into the mouth, the first thing to be noted is the tongue, the upper 
surface of which will be seen occupying the floor of the cavity. This surface is convex, 
and is marked along the middle line by a raphé, which divides it into two symmetrical 
portions. The anterior two thirds are rough and studded with papille; the posterior 
third, smooth and tuberculated, is covered by numerous glands which project from 
the surface. Upon raising the tongue, the mucous membrane which invests its upper 
surface may be traced over its sides on to its under surface, from which it is reflected over 
the floor of the mouth on to the inner surface of the lower jaw, a part of which it covers. 
As it passes over the borders of the tongue it changes its character, becoming thin and 
smooth, and losing the papillæ which are to be seen on the upper surface. In the middle 
line the mucous membrane on the under surface of the tip of the tongue forms a distinct 
fold, the frenwm linguæ, by which this organ is connected to the symphysis of the jaw. 
Occasionally it is found that this frenum is rather shorter than natural, and, acting as a 
bridle, prevents the complete protrusion of the tongue. When this condition exists and 
an attempt is made to protrude the organ, the tip will be seen to remain buried in the 
floor of the mouth, and the dorsum of the tongue is rendered very convex, and more or 
less extruded from the mouth: at the same time a deep furrow will be noticed to appear in 
the middle line of the anterior part of the dorsum. Sometimes, a little external to the 
frenum, the ranine vein may be seen immediately beneath the mucous membrane. The 
corresponding artery, being more deeply placed, does not come into view, nor can its 
pulsation be felt with the finger. On either side of the freenum, in the floor of the mouth, 


Wharton’s ducts, into which a fine probe may be passed without much difficulty. By 
everting the lips the smooth mucous membrane lining them may be examined, and may 
be traced from them on to the outer surface of the alveolar arch. In the middle line, 


At the back of the mouth is seen the isthmus of the fauces, or, as it is popularly 
called, ‘ the throat: ’ this is the space between the pillars of the fauces on either side, and 
is the means by which the mouth communicates with the pharynx. Above, it is bounded 
by the soft palate, the anterior surface of which is concave and covered with mucous 
membrane, which 18 continuous with that lining the roof of the mouth. Projecting down- 
wards from the middle of its lower border is a conical-shaped projection, the uvula. On 
elther side of the isthmus of the fauces are the anterior and posterior pillars, formed by 
the Palato-glossus and Palato-pharyngeus muscles respectively, covered over by mucous 
membrane, Between the two pillars on either side is situated the tonsil. 

When the mouth is wide open a prominent tense fold of mucous membrane may be 
seen and felt extending upwards and backwards from the position of the fang of the last 
molar tooth to the posterior part of the hard palate. This is caused by the Pterygo- 
mandibular ligament which is attached by one extremity to the apex of the internal 
pterygoid plate, and by the other to the posterior extremity of the mylo-hyoid ridge of the 
eer Jaw. It connects the Buccinator with the Superior constrictor of the pharynx. 

m ang of the last molar tooth indicates the position of the lingual (gustatory) nerve, 
Where it is easily accessible, and can with readiness be divided in cases of cancer of the 
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tongue (seo page 869). On the inner side of the last molar tooth we can feel the hamular 
process of the internal pterygoid plate of the sphenoid bone, around which the tendon of 
the Tensor palati plays. About one-third of an inch in front of the hamular process and 
the same distance directly inwards from the last molar tooth is the situation of the 
opening of the posterior palatine canal, through which emerges the posterior or descending 
palatine branch of the internal maxillary artery, and one of the descending palatine 
nerves from Meckel’s ganglion. The exact position of the opening on the subject may be 
ascertained by driving a needle through the tissues of the palate in this situation, when 
it will be at once felt to enter the canal. The artery emerging from the opening runs 
forwards in a groove in the bone, just internal to the alveolar border of the hard palate, 
and may be wounded in the operation for the cure of cleft palate. Under these circum- 
stances the palatine canal may require plugging. By introducing the finger into the 
mouth the anterior border of the coronoid process of the jaw can be felt, and is especially 
prominent when the jaw is dislocated. By throwing the head well back a considerable 
portion of the posterior wall of the pharynx may be seen through the isthmus faucium, 
and on introducing the finger the anterior surfaces of the bodies of the upper cervical 
vertebre may be felt immediately beneath the thin muscular stratum forming the wall of 
the pharynx. The finger can be hooked round the posterior border of the soft palate, and 
by turning it forwards, the posterior nares, separated by the septum, can be felt, or the 
presence of any adenoid or other growths in the naso-pharynx ascertained. 


THE PHARYNX 


The pharynx is that part of the alimentary canal which is placed behind the 
nose, mouth, and larynx. It is a musculo-membranous tube, somewhat conical 
in form, with the base upwards, and the apex downwards, extending from the 
under surface of the skull to the level of the cricoid cartilage in front, and that 
of the sixth cervical vertebra behind. 

The pharynx is about five inches in length, and broader in the transverse 
than in the antero-posterior diameter. Its greatest breadth is immediately below 
the base of the skull, where it projects on either side, behind the orifice of the 
Eustachian tube, as a recess termed the fossa of Rosenmiiller ; its narrowest 
point is at its termination in the cesophagus. It is limited, above, by the body of 
the sphenoid and basilar process of the occipital bone ; below, it is continuous 
with the wsophagus ; posteriorly, it is connected by loose areolar tissue with the 
cervical portion of the vertebral column, and the Longi colli and Recti capitis 
antici muscles ; anteriorly, it is incomplete, and is attached in succession to the 
internal pterygoid plate, the pterygo-mandibular ligament, the lower jaw, the 
tongue, hyoid bone, and thyroid and cricoid cartilages; laterally, it is connected 
to the styloid processes and their muscles, and is in contact with the common and 
internal carotid arteries, the internal jugular veins, and the glosso-pharyngeal, 
pneumogastric, hypoglossal, and sympathetic nerves, and above with a small 
part of the Internal pterygoid muscles. Seven openings communicate with it, 
viz.: the two posterior nares, the two Eustachian tubes, the mouth, larynx, and 
ocsophagus. 

The pharynx may be subdivided from above downwards into three parts : 
nasal, oral, and laryngeal. The nasal part of the pharynx (pars nasalis), or naso- 
pharynx, lies behind the nose and above the level of the soft palate: it differs 
from the two lower parts of the tube in that its cavity always remains patent. 
In front it communicates through the choanz with the nasal fossæ. On its 
lateral wall is the pharyngeal orifice of the Eustachian tube, which presents the 
appearance of a vertical cleft bounded behind by a firm prominence, the cushion, 
caused by the inner extremity of the cartilage of the tube impinging on the deep 
surface of the mucous membrane. A vertical fold of mucous membrane, the 
plica salpingo-pharyngea, stretches from the lower part of the cushion to the 
pharynx ; it contains the Salpingo-pharyngeus muscle. A second and smaller 
mucous fold may be seen stretching from the upper part of the cushion to the 
palate, the plica salpingo-palatina. Behind the orifice of the Eustachian tube 
is a deep recess, the fossa of Rosenmiilter, which represents the remains of the 
upper part of the second branchial clett. 

The oral part of the pharynx (pars oralis) reaches from the soft palate to the 
level of the hyoid bone. It opens anteriorly, through the isthmus faucium, into 
the mouth, while in its lateral wall, between the two pillars of the fauces, is the 


tonsil. 
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The Tonsils (amygdale) are two prominent bodies situated one on each side 
of the fauces, between the anterior and posterior pillars of the soft palate. They 
are of a rounded form, and vary considerably in size in different individuals. A 
recess, the fossa supra-tonsillaris, may be seen, directed upwards and backwards, 
above the tonsil. His regards this as the remains of the lower part of the second 
visceral cleft. It is covered by a fold of mucous membrane termed the plica 
triangularis. Externally the tonsil is in relation with the inner surface of the 
Superior constrictor, to the outer side of which are the ascending palatine and 
tonsillar arteries and the Internal pterygoid muscle. The internal carotid artery 
lies behind and to the outer side of the tonsil, and nearly an inch (twenty to 
twenty-five millimetres) distant from it. The outer surface of the tonsil corre- 
sponds in position to the angle of the lower jaw. Its inner surface presents from 
twelve to fifteen orifices, leading into small crypts or recesses, from which 
numerous follicles branch out into the substance of the gland. These follicles 
are lined by a continuation of the mucous membrane of the pharynx, covered 
with epithelium; around each follicle is a layer of closed capsules embedded in 
the submucous tissue. These capsules are analogous to those of Peyer’s glands, 
consisting of adenoid tissue. No openings from the capsules into the follicles 
can be recognised. They contain a thick greyish secretion. Surrounding each 
follicle is a close plexus of lymphatics. From these plexuses the lymphatic 
vessels pass to the deep cervical glands in the neighbourhood of the greater 
cornu of the hyoid bone, behind and below the angle of the jaw; these glands 
frequently become enlarged in affections of the tonsils. 

The arteries supplying the tonsil are the dorsalis linguse from the lingual, the 
ascending palatine and tonsillar from the facial, the ascending pharyngeal from 
the external carotid, the descending palatine branch of the internal maxillary, 
and a twig from the small meningeal. 

The veins terminate in the tonsillar plexus, on the outer side of the tonsil. 

The nerves are derived from Meckel’s ganglion, and from the glosso-pharyngeal. 


Surgical Anatomy of the Tonsils.—The tonsils can be easily inspected by instructing 
the patient to throw the head back and open his mouth widely ; the tongue at the same 
time being depressed by a spatula or tongue-depressor. The normal tonsil should not pro- 
ject beyond the plane of the anterior pillar of the fauces. They are prone to become 
enlarged, especially in tuberculous children ; and when much increased in size they cause 
great trouble, owing to obstruction to respiration and deglutition. The tonsils may be 
the seat of acute inflammation, which may run on to suppuration, requiring evacuation of 
the pus. The incision into the tonsil should always be made from in front backwards 
and inwards. Another form of acute inflammation of the tonsil is follicular tonsillitis, 
due to the lodgment of micro-organisms in the crypts of the tonsil. It may be the 
seat of a sarcomatous growth; or of an epithelioma, generally spreading to it from 
neighbouring parts, rather than commencing in the tonsil itself. The removal of the 
tonsil is, as a rule, a very simple operation, and is not usually attended with much 
hemorrhage, unless the patient is suffering from hemophilia, 


The laryngeal part of the pharynx (pars laryngea) reaches from the hyoid 
bone to the lower border of the cricoid cartilage, where it is continuous with the 
cesophagus. In front it presents the triangular aperture of the larynx, the base 
of which is directed forwards and is formed by the epiglottis, while its lateral 
houndaries are constituted by the aryteno-epiglottidean folds. On either side 
of the laryngeal orifice is a recess, termed the sinus pyriformis ; it is bounded 
internally by the aryteno-epiglottidean fold, externally by the thyroid cartilage 
and thyro-hyoid membrane. 

Structure.—The pharynx is composed of three coats: mucous, fibrous, and 
muscular. 

The pharyngeal aponeurosis, or fibrous coat, is situated between the mucous 
and muscular layers. It is thick above where the muscular fibres are wanting, 
and is firmly connected to the basilar process of the occipital and petrous 
portion of the temporal bones. As it descends it diminishes in thickness, and is 
gradually lost. It is strengthened posteriorly by a strong fibrous band, which 
is attached above to the pharyngeal spine on ite under surface of the basilar 
portion of the occipital bone, and passes downwards, forming a median raphé, 
which gives attachment to the Constrictor muscles of the pharynx. 

The mucous cout is continuous with that lining the Eustachian tubes, 
the nares, the mouth, and the larynx. In the naso-pharynx it is covered 
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by columnar ciliated epithelium ; in the buccal and laryngeal portions the 
epithelium is of the squamous variety. Beneath the mucous membrane are 
found racemose mucous glands; they are especially numerous at the upper part 
of the pharynx around the orifices of the Eustachian tubes. Throughout the 
pane are also numerous crypts or recesses, the walls of which are surrounded 
oy lymphoid tissue, similar to what is found in the tonsils. Across the back 
part of the pharyngeal cavity, between the two Eustachian tubes, a considerable 
mass of this tissue exists, and has been named the pharyngeal tonsil. Above 
this, in the middle line, an irregular, flask-shaped depression of the mucous 
membrane is sometimes seen extending up as far as the basilar process of 
the occipital bone. It is known as the bursa pharyngca, and was regarded 
by Luschka as the remains of the diverticulum, which is concerned in the 
development of the anterior lobe of the pituitary body. Other anatomists believe 
that it is connected with the formation of the pharyngeal tonsil. 
The muscular coat has been already described (page 456). 


Surgical Anatomy of the Pharynz.—The pharynx is sometimes the seat of a pouch-like 
dilatation of its walls, in which the food collects when the patient swallows. A cure is 
effected by removing the diverticulum and accurately suturing the opening in the pharynx 
which has been made. The internal carotid artery is in close relation with the pharynx, 
go that its pulsations can be felt through the mouth. It has been occasionally wounded by 
sharp-pointed instruments, introduced into the mouth and thrust through the wall of the 
pharynx. In aneurism of this vessel in the neck, the tumour necessarily bulges. into the 
pharynx, as this is the direction in which it meets with the least resistance, nothing lying 
between the vessel and the mucous membrane except the thin Constrictor muscle, 
whereas on the outer side there is the dense cervical fascia, the muscles descending from 
the styloid process and the margin of the Sterno-mastoid. 

The mucous membrane of the pharynx is very vascular, and is often the seat of 
inflammation, frequently of a septic character, since the numerous recesses are prone to 
lodge micro-organisms. And, in addition, owing to its exposed situation, the mucous 
membrane is liable to be irritated by agents introduced during inspiration. The inflam- 
mation may be attended with serious consequences: it may extend up the Eustachian 
tube and involve the middle ear; it may spread to the entrance of the larynx, causing 
cdema and seriously interfering with respiration, or, invading the lymphatics, it may 
spread to the loose and lax tissue surrounding the pharyngeal wall, and may extend far 
and wide; sometimes into the posterior mediastinum along the cesophagus. Abscess may 
form in the connective tissue behind the pharynx, between it and the vertebral column, 
constituting what is known as retro-pharyngeal abscess. This is most commonly due to 
caries of the cervical vertebree; but may also be caused by suppuration of a lymphatic 
gland, which is situated in this position opposite the axis, and which receives lymphatics 
from the nares; by a gumma; or by acute pharyngitis. In these cases the pus may be 
_ easily evacuated by an incision, with a guarded bistoury, through the mouth, but, for 
aseptic reasons, it is desirable that the abscess should be opened from the neck. In some 
instances this is perfectly casy ; the abscess can be felt bulging at the side of the neck 
and merely requires an incision for its relief, but this is not always so, and then an 
incision should be made along the posterior border of the Sterno-mastoid and the deep 
fascia divided. A director is now to be inserted into the wound, the fore finger of the left 
hand being introduced into the mouth and pressure made upon the swelling. This acts 
as a guide, and the director is to be pushed onwards until pus appears in the groove. A 
pair of sinus forceps is now inserted along the director and the opening into the cavity 
dilated. 

Tumours of the pharynx may be innocent fibromata or papillomata, or malignant, 
most commonly epithelioma, secondary to disease of adjacent parts. For this condition 
pharyngotomy may be required, either lateral by means of a free incision along the 
anterior border of the Sterno-mastoid, or anterior by making a transverse incision 
immediately below the hyoid bone, cutting through the thyro-hyoid membrane and 
detaching the epiglottis from the back of the tongue. 

Foreign bodies not infrequently become lodged in the pharynx, and most usually at 
its termination at about the level of the cricoid cartilage, just beyond the reach of the 
finger, as the distance from the arch of the tecth to the commencement of the esophagus 


is about six inches. 


THE CSOrPHAGUS 


The esophagus, or gullet, is a muscular canal, about nine or ten inches in 
length, extending from the pharynx to the stomach. It commences at the upper 
border of the’ cricoid cartilage, opposite the sixth cervical vertebrae, descends 
along the front of the spine, through the posterior mediastinum, passes through 
the Diaphragm, and, entering the abdomen, terminates at the cardiac orifice 
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of the stomach, opposite the eleventh dorsal vertebra. The general direction of 
the esophagus is vertical ; but it presents two slight curves in its course. At 
its commencement it is placed in the median line; but it inclines to the left side 
as far as the root of the neck, gradually passes to the middle line again, and 
finally deviates to the left as it passes forwards to the cesophageal opening 
of the Diaphragm. The csophagus also presents an antero-posterior flexure, 
corresponding to the curvature of the cervical and thoracic portions of the spine. 
It is the narrowest part of the alimentary canal, being most contracted at 
its commencement, and at the point where it 
Fre. 717. — Accessory muscular passes through the Diaphragm. 
fibres between the cesophagus Relations.—Jn the neck, the cesophagus is 
and pleura, and esophagus and in relation, in front, with the trachea; and at 
trachea. (From a preparation the lower part of the neck, where it projects 
in the Museum of the oy al to the left side, with the thyroid gland ; behind, 
College of Surgeons of England.) it rests upon the vertebral column and Longi 
colli muscles; on each side it is in relation 
with the common carotid artery (especially 
the left, as it inclines to that side), and part 
of the lateral lobes of the thyroid gland; the 
recurrent laryngeal nerves ascend between it 
and the trachea; to its left side is the thoracic 
duct. 

In the thorax, the cesophagus is at first 
situated a little to the left of the median line; it 
then passes behind the aortic arch, separated 
from it by the trachea, and descends in the 
posterior mediastinum, along the right side of 
the aorta, nearly to the Diaphragm, where it 
passes in front and a little to the left of the 
aorta, previous to entering the abdomen. It is 
in relation, in front, with the trachea, the left 
bronchus, the pericardium, and the Diaphragm; 
behind, it rests upon the vertebral column, 
the Longi colli muscles, the right intercostal 
arteries, the thoracic duct, and azygos minor 
veins; and below, near the Diaphragm, upon 
the front of the aorta. On its left side, in the 
superior mediastinum, are the terminal part 
of the arch of the aorta, the left subclavian 
artery, the thoracic duct, and left pleura, while 
running upwards in the angle between it and 
the trachea is the left recurrent la ngeal 
nerve ; below, it is in relation with the de- 
scending thoracic aorta. On its right side are 
the right pleura and the vena azygos major, 
the latter of which it overlaps. The pneumo- 
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zii gastric nerves descend in close contact with it, 
SSE the right nerve passing down behind, and the 
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eft nerve in front of it; the two nerves uniting 
to form a plexus (the plezus gule) around the 


_ in the lower part of the posterior mediastinum the thoracic duct lies to the 
right side of the cesophagus : higher up, it is placed behind it, and, crossing about 
the level of the fourth dorsal vertebra, is continued upwards on its left side. 

The abdominal portion of the cesophagus lies in the cesophageal groove on 
the posterior surface of the left lobe of the liver. It measures about half an inch 
In length, and its front and left aspects only are covered by peritoneal membrane. 

_Structure.—The csophagus has three coats: an external or muscular: m 
middle or areolar; and an internal or mucous coat. 
e muscular coat is composed of two planes of fibres of considerable thick- 
ness : an external longitudinal, and an internal circular. 

The longitudinal fibres are arranged, at the commencement of the tube, in 

three fasciculi: one in front, which is attached to the vertical ridge on the 
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posterior surface of the cricoid cartilage; and one at each side, which is con- 
tinuous with the muscular fibres of the pharynx: as they descend they blend 
together, and form a uniform layer, which covers the outer surface of the tube. 

Accessory slips of muscular fibres are described by Cunningham as passing 
between the csophagus and the left pleura, where the latter covers the 
thoracic aorta, or the root of the left bronchus, or the back of the pericardium, 
as well as other rarer accessory fibres. In fig. 717, taken from a dissection 
in the Museum of the Royal College of Surgeons of England, several of these 
accessory slips may be seen passing from the oesophagus to the pleura, and 
two slips to the back of the trachea just above its bifurcation. 

The circular fibres are continuous above with the Inferior constrictor; their 
direction is transverse at the upper and lower parts of the tube, but oblique in 
the central part. 

The muscular fibres in the upper part of the cesophagus are of a red colour, 
and consist chiefly of the striped variety ; but below, théy consist for the most 
part of involuntary fibres. 

The areolar coat connects loosely the mucous and muscular coats. 

The mucous coat is thick, of a reddish colour above, and pale below. It is 
disposed in longitudinal folds, which disappear on distension of the tube. Its 
surface is studded with minute papille, and it is covered throughout with a 
thick layer of stratified pavement epithelium. Beneath the mucous membrane, 
between it and the areolar coat, is a layer of longitudinally arranged non-striped 
muscular fibres. This is the muscularis mucose. At the commencement of the 
cesophagus it is absent, or only represented by a few scattered bundles ; lower 
down it forms a considerable stratum. 

The a@sophageal glands are numerous small compound racemose glands 
scattered throughout the tube: they are lodged in the submucous tissue, and each 
opens upon the surface by a long excretory duct. They are most numerous at 
the lower part of the tube, and form a ring round the cardiac orifice. 

Vessels of the esophagus.—The arteries supplying the ae oe are derived 
from the inferior thyroid branch of the thyroid axis of the subclavian ; from the 
descending thoracic aorta, from the gastric branch of the coeliac axis, and from 
the left inferior phrenic of the abdominal aorta. They have for the most part 
a longitudinal direction. 

Nerves of the wsophagus.—The nerves are derived from the pneumogastric 
and from the sympathetic; they form a plexus, in which are groups of ganglion- 
cells, between the two layers of the muscular coats, and also a second plexus in 
the submucous tissue. 


Surgical Anatomy.—The relations of the csophagus are of considerable practical 
interest to the surgeon, as he is frequently required, in cases of stricture of this tube, to 
dilate the canal by a bougie, when it is of importance that the direction of the cesophagus, 
and its relations to surrounding parts, should be remembered. In cases of malignant 
disease of the cesophagus, where its tissues have become softened from infiltration of the 
morbid deposit, the greatest care is requisite in directing the bougie through the strictured 
part, as a false passage may easily be made, and the instrument may pass into the 
mediastinum, or into one or the other pleural cavity, or even into the pericardium. 

The student should also remember that obstruction of the esophagus, and consequent 
symptoms of stricture, are occasionally produced by an aneurismi of some part of the aorta 
pressing upon this tube. In such a case, the passage of a bougie could only hasten the 
fatal issue. 

In passing a bougie the left forefinger should be introduced into the mouth, and the 
epiglottis felt for, care being taken not to throw the head too far backwards. The bougie 
is then to be passed beyond the finger until it touches the posterior wall of the pharynx. 
The patient is now asked to swallow, and at the moment of swallowing the bougie is 
passed gently onwards, all violence being carefully avoided. 

It occasionally happens that a foreign body becomes impacted in the cesophagus, which 
can. neither be brought upwards nor moved downwards. When all ordinary means for its 
removal have failed, excision is the only resource. This, of course, can only be performed 
when it is not very low down. If the foreign body is allowed to rémain, extensive 
inflammation and cleteidion of the cesophagus may ensue. In one case the foreign body 
ultimately penetrated the intervertebral. substance, and destroyed life by inflammation of 
the membranes and substance of the cord. 

The operation of cesophagotomy is thus performed. The patient being placed upon 
his back, with the head and shoulders slightly elevated, an incision, about four inches 
in length, should be made on the left side of the trachea, from the thyroid cartilage 
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downwards, dividing the skin, Platysma, and deep fascia. The edges of the wound being 
separated, the Omo-hyoid muscle should, if necessary, be divided, and the fibres of the 
Sterno-hyoid and Sterno-thyroid muscles drawn inwards. The pretracheal layer of the 
cervical fascia must now be divided, and when this is done, the left lobe of the thyroid 
body will be exposed and must be drawn upwards.and inwards, and the carotid vessels, 
being brought into view, must be drawn outwards, and retained in that position by 
retractors: the cesophagus will now be exposed, and should be divided over the foreign 
body, which can then be removed. Great care is necessary to avoid wounding the 


thyroid vessels, the thyroid gland, and the laryngeal nerves. 
The esophagus may be obstructed not only by foreign bodies, but also by changes 
in its coats, producing stricture, or by pressure on it from without of new growths or 


aneurism, &c. 
The different forms of stricture are: (1) the spasmodic, usually occurring in nervous 


women, and intermittent in character, so that the dysphagia is not constant; (2) fibrous, 
due to cicatrisation after injuries, such as swallowing corrosive fluids or boiling water ; 
and (3) malignant, usually epitheliomatous in its nature. This is situated generally either 
at the upper end of the tube, opposite the cricoid cartilage, or at its lower end at the 
cardiac orifice, but is also occasionally found at that part of the tube where it is crossed 


by the left bronchus. 
The operation of cesophagostomy has occasionally been performed in cases where the 


stricture in the csophagus is at the upper part, with a view to making a permanent 
opening below the stricture through which to feed the patient; but the operation has been 
far from successful, and the risk of setting up diffuse inflammation in the loose planes 
of connective tissue deep in the neck is so great that it would appear to be better, if any 
operative interference is undertaken, to perform gastrostomy. The operation of cesopha.- 
gostomy is performed in the same manner as cesophagotomy, but the edges of the opening 
in the esophagus are stitched to the skin incision. 


THE ABDOMEN 


The Abdomen is the largest cavity in the body. It is of an oval form, the 
extremities of the oval being directed upwards and downwards: the upper being 
formed by the under surface of the Diaphragm, the lower by the upper concave 
surface of the Levatores ani. The cavity is wider above than below, and 
measures more in the vertical than in the transverse diameter. In order to 
facilitate description, it is artificially divided into two parts: an upper and larger 
part, the abdomen proper; and a lower and smaller part, the pelvis. These two 
cavities are not separated from each other, but the limit between them is marked 
by the brim of the true pelvis. 

The abdomen proper differs from the other great cavities of the body in being 
bounded for the most part by muscles and fasciæ, so that it can vary in capacity 
and shape according to the condition of the viscera which it contains : ‘but, in 
addition to this, the abdomen varies in form and extent with age and sex. In 
the adult male, with moderate distension of the viscera, it is oval or barrel- 
shaped, but at the same time flattened from before backwards. In the adult 
female, with a fully developed pelvis, .it is conical with the apex above, and in 
young children it is conical with the apex below. 

Boundaries.—The boundary between the thorax and abdomen is the Dia- 
phragm. This muscle forms a dome over the abdomen, and the cavity extends 
high into the bony thorax, reaching on the right side, in the nipple line, to the 
upper border of the fifth rib ; on the left side it falls below this level by about an 
inch. Below, the abdomen is limited by the structures which clothe the inner 
surface of the bony pelvis, principally the Levatores ani and Coccygei muscles 
on either side. These muscles are sometimes termed the Diaphragm of the pelvis. 
The abdomen proper is bounded in front, and at the sides, by the lower ribs, the 
abdominal muscles, and the iliac fosse; behind, by the vertebral column and 
the Psoas and Quadratus lumborum muscles; above, by the Diaphragm ; below 
by the brim of the pelvis. The muscles forming the boundaries of the cavity 
are lined upon their inner surface by a layer of fascia, differently named according 
to the part which it covers. 

The abdomen contains the greater part of the alimentary canal; some of the 
accessory organs to digestion, viz. the liver and pancreas ; the spleen, the kidneys 
and suprarenal capsules. Most of these structures, as well as the wall of the 
cavity in which they are contained, are more or lesg covered by an extensive and 
complicated serous membrane, the peritoneum. 
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Fre. 718.—Topography of thoracic and abdominal viscera. 
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res found in the walls of the abdomen, for the transmission of 
me +. a on it, are, the umbilicus (in the foetus), for the transmission of 
the umbilical vessels ; the caval opening in the Diaphragm, for the transmission 
of the inferior vena cava ; the aortic opening, for the passage of the aorta, vena 
azygos major, and thoracic duct ; and the wsophageal opening, for the cesophagus 
and pneumogastric nerves. Below, there are two apertures on each side ; one 
for the passage of the femoral vessels, and the other for the transmission of the 
spermatic cord in the male, and the round ligament in the female. 

Regions.—For convenience of description of the viscera, as well as of 
reference to the morbid conditions of the contained parts, the abdomen is 
artificially divided into nine regions by Imaginary planes, two horizontal and 
two sagittal, passing through the cavity, the edges of the planes being indicated by 
lines drawn on the surface of the body. Of the horizontal planes the upper or 
infracostal is indicated by a line encircling the body at the level of the lowest 
points of the tenth costal cartilages, the lower by a line carried round the trunk 
at the level of the highest points of the iliac crests as seen from the front. The 
latter is the intertubercular plane of Cunningham, who has pointed out * that its 
level corresponds with the prominent and easily defined tubercle on the iliac 
crest about two inches behind the anterior superior iliac spine. By means of 
these imaginary planes the abdomen is divided into three zones, which are named 
from above downwards the subcostal, umbilical, and hypogastric zones. Hach of 
these is further subdivided into three regions by the two sagittal planes, which 
are indicated on the surface by lines drawn vertically through a point halfway 
between the anterior superior iliac spine and the symphysis pubis.t 

The middle region of the upper zone is called the epigastric ; and the two 
lateral regions, the right and left hypochondriac. The central region of the 
middle zone is the umbilical; and the two lateral regions, the right and left 
lumbar. The middle region of the lower zone is the hypogastric or pubic region ; 
and the lateral regions are the right and left iliac or inguinal (fig. 719). The 
viscera contained in these different regions are the following : 


Right Hypochondriac Enpigastric Region Left Hypochondriac 


The greater part of Part of the stomach, The fundus of the 
right lobe of the liver, including both cardiac stomach, the spleen and 
the hepatic flexure of the and pyloric orifices, the tail of the pancreas, the 
colon, and outer part of left lobe and part of the splenic flexure of the 
the right kidney. right lobe of the liver colon, and outer part of 

and the gall-bladder, the the left kidney. 
pancreas, part of the duo- 
denum, the suprarenal cap- 
sules, and greater parts of 


the kidneys. 
Right Lumbar Umbilical Region Left Lumbar 
Ascending colon, The transverse colon, Descending colon, part 


lower extremity of the part of the great omentum of the omentum, and 
right kidney, and some and mesentery, transverse some convolutions of the 
convolutions of the small part of the duodenum, and small intestines. 
intestines. some convolutions of the 

jejunum and ileum, and 

lower end of right kidney. 


= Journal of Anatomy and Physiology, vol. xxvii. 

+ Anatomists are far from agreed as to the best method of subdividing the abdominal 
cavity, but that given above is the one which is generally adopted in this country. 
Addison, in a careful analysis of the abdominal viscera in a large number of subjects, 
adopts the following lines: (1) a median, from the symphysis pubis to the ensiform carti- 


superior iliac spine and the symphysis pubis ; (3) an upper transverse line halfway 
between the symphysis pubis and the suprasternal notch; and (4) a lower transverse line 
midway between the last and the upper border of the symphysis pubis. The upper 


transverse line corresponds with what he has termed the transpyloric plane, from the 
fact that in most cases it cuts through the pylorus. 


* Journal of Anatomy and Physiology, vols. xxxiii., XXXiv., XXXV, 
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Right liac (Inguinal) Hypogastric Region Left Iliac (Inguinal) 
The cæcum and ter- Convolutions of the Part of the sigmoid 

mination of small intes- small intestines, part of flexure of the colon, and 
tine, and sometimes the the sigmoid flexure of the some convolutions of the 
vermiform appendix, colon; sometimes the small intestine. 

vermiform appendix; the 

bladder in children, and in 

adults if distended, and the 

uterus during pregnancy. 


If the anterior abdominal wall is reflected in the form of four triangular flaps 
by means of vertical and transverse incisions—the former from the ensiform 
cartilage to the symphysis pubis, the latter from flank to flank at the level of the 
umbilicus—the abdominal or peritoneal cavity is freely opened into and the 
contained viscera are in part exposed * (fig. 718). 


Fic. 719.—The regions of the abdomen and their contents. 
(Edge of costal cartilages in dotted outline.) 
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Above and to the right side is the liver, situated chiefly under the shelter of 
the right ribs and their cartilages, but extending across the middle line and 
reaching for some distance below the level of the ensiform cartilage. To the 
left of the liver is the stomach, from the lower border of which an apron-like 
fold of peritoneum, the great omentum, descends for a varying distance, and 
obscures, to a greater or lesser extent, the other viscera. Below it, however, 
some of the coils of the small intestine can generally be seen, while in the right 
and left iliac regions respectively the cecwm and the sigmoid flexure of the colon 


* It must be borne in mind that, although the term abdominal cavity is used, there 
is, under normal conditions, only a potential cavity or lymph-space, since the viscera are 
everywhere in contact with the parietes. g 
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are partly exposed. The bladder occupies the anterior part of the pelvis, and, 
if distended, will project above the symphysis pubis; the rectum lies in the 
concavity of the sacrum, but is usually obscured by the coils of the small 
ine. ' 

mee ie stomach is followed from left to right it will be found to be continuous 
with the first part of the small intestine, or duodenum, the point of continuity 
being marked by a thickened ring which indicates the position of the pyloric 
valve. The duodenum passes towards the under surface of the liver, and then 
curving downwards, is lost to sight. If, however, the great omentum be thrown 
upwards over the chest, the terminal part of the duodenum will be observed 
passing across the spine towards the left side, where it becomes continuous with 
the coils of the jejunum and ileum. These measure some twenty feet in length, 
and if followed downwards will be seen to end in the right iliac fossa by 
opening into the cecum or commencement of the large intestine. From the 
cecum the large intestine takes an arched course, passing at first upwards on 
the right side, then across the middie line and downwards on the left side, 
and forming respectively the ascending, transverse, and descending parts of the 
colon. In the left iliac region and pelvis it assumes the form of a loop, the 
sigmoid flexure or ilio-pelvic colon, and terminates in the rectum. l l 

The spleen lies behind the stomach in the left hypochondriac region, and 
may be in part exposed by pulling the stomach over towards the right side. 

The glistening appearance of the deep surface of the abdominal wall and 
of the exposed viscera is due to the fact that the former is lined and the latter 
more or less completely covered by a serous membrane, the peritoneum., 


THe PERITONEUM 


The peritoneum is the largest serous membrane in the body, and consists, in 
the male, of a closed sac, a part of which is applied against the abdominal 
parietes, while the remainder is reflected over the contained viscera. In the 
female the peritoneum is not a closed sac, since the free extremities of the 
Fallopian tubes open directly into the peritoneal cavity. The part of the peri- 
toneum which lines the parietes is named the parietal portion of the peritoneum ; 
that which is reflected over the contained viscera constitutes the visceral portion 
of the peritoneum. The free surface of the membrane is smooth, covered by 
a layer of flattened endothelium, and lubricated by a small quantity of serous 
fluid. Hence the viscera can glide freely against the wall of the cavity or 
upon one another with the least possible amount of friction. The attached 
surface is rough, being connected to the viscera and inner surface of the parietes 
by means of areolar tissue, termed the subserous areolar tissue. The parietal 
portion is loosely connected with the fascial lining of the abdomen and pelvis, 
but is more closely adherent to the under surface of the Diaphragm and also 
in the middle line of the abdomen. 

The space between the parietal and visceral layers of the peritoneum is 
named the peritoneal cavity; but it must be remembered that under normal 
conditions this cavity is only a potential one, since the parietal and visceral 
layers are in contact. The peritoneal ‘cavity’ is subdivided by a constriction, 
termed the foramen of Winslow, into two sacs, a greater and a lesser. The 
greater sac is opened when the abdominal wall is cut through; the lesser is 
situated behind the stomach and adjoining structures, and may be regarded 
as a diverticulum from the greater sac. 

The peritoneum differs from the other serous membranes of the body in 
presenting a much more complex arrangement, and one which can only be 
clearly understood by following the changes which take place in the alimentary 
canal during its development; the student therefore is advised to preface his 
study of the peritoneum by reviewing the chapter dealing with this subject in 
the section on Embryology (page 135). 

To trace the continuity of the membrane from one viscus to another, and 
from the viscera to the parietes, it is necessary to follow its reflections in the 
oe and horizontal directions, and in doing so it matters little where a start 
is made. 

If the stomach is drawn downwards a fold of peritoneum will be seen 
stretching from its lesser curvature to the transverse fissure of the liver (fig. 720). 
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This is the gastro-hepatic, or small omentum, and consists of two layers; these, 
on being traced downwards, split to envelop the stomach, covering respectively 
its antero-superior and postero-inferior surfaces. At the greater curvature oi 
the stomach they again come into contact and are continued downwards in 
front of the transverse colon, forming the anterior two layers of the great or 
gastro-colic omentum. Reaching the free edge of this fold they are reflected 
upwards as its two posterior layers, and thus the great omentum consists of 
four layers of peritoneum. Followed upwards the two posterior layers separate 
to enclose the transverse colon, above which they once more come into contact 
and pass backwards to the abdominal wall as the transverse mesocolon. Reaching 
the abdominal wall at the upper border of the transverse part of the duodenum, 
the two layers of the transverse mesocolon become separated from each other 


Fic. 720,—The reflections of the peritoneum, as seen in a vertical 
section of the abdomen. 
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and take different directions; the upper or anterior layer-(ascending layer of 
transverse mesocolon) ascends in front of the pancreas, and its further course 
will be followed presently. The lower or posterior layer is carried downwards, 
as the anterior layer of the mesentery, by the superior mesenteric vessels to 
the small intestine around which it may be followed and subsec uently traced 
upwards as the posterior layer of the mesentery to the abdominal wall. From 
the posterior abdominal wall it sweeps downwards over the aorta into the pelvis, 
where it invests the first part of the rectum oye part of colon) and attaches 
it to the front of the sacrum by a fold termed the mesorectum or pelvic mesocolon. 
Leaving first the sides and then the front of the rectum it 1s re ected on to the 
back of the bladder, and, after covering the posterior and upper aspects of this 
viscus, is carried by the urachus and obliterated hyp — arteries on to the 

osterior surface of the anterior abdominal wall. Between the rectum and 


ladder it forms a pouch, the recto-vesical pouch, the bottom of aa” . about 
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with the middle of the vesicule seminales, i.e. about three inches 
a nantes of the anus. When the bladder is distended the peritoneum 
is carried up with the expanded viscus, so that a considerable part of the 
anterior surface of the latter lies —_ against the abdominal wall without 

intervention of the peritoneal membrane. 

a the female the karaa is reflected from the rectum on to the upper 
part of the posterior vaginal wall, forming the recto-vaginal pouch or pouch of 
Douglas, which is bounded on each side by a crescentic fold, the fold of Douglas. 
It is then carried over the posterior aspect and fundus of the uterus on to its 
anterior surface, which it covers as far as the junction of the body and cervix 
uteri, forming here a second, but shallower depression, the utero-vesical pouch. 
Tt is also reflected from the sides of the uterus to the lateral walls of the pelvis 
as two expanded folds, the broad ligaments of the uterus, in the free margin 
of each of which can be felt a thickened cord-like structure, the Fallopian 
tube. 
On following the parietal peritoneum upwards on the back of the anterior 
abdominal wall it is seen to be reflected around a fibrous band, the ligamentum 
teres or obliterated umbilical vein, which reaches from the umbilicus to the under 
surface of the liver. Here the membrane forms a somewhat triangular fold, 
the falciform or ‘suspensory’ ligament of the liver, which attaches the upper and 
anterior surfaces of that organ to the Diaphragm and abdominal wall. With 
the exception of the line of attachment of this ligament the peritoneum covers 
the under surface of the anterior part of the Diaphragm and is reflected from it 
on to the upper surface of the right lobe of the liver as the superior layer of the 
coronary ligament, and on to the upper surface of the left lobe as the superior 
layer of the left lateral ligament of the liver. Covering the upper and anterior 
surfaces of the liver it is reflected round its sharp margin on to its under surface, 
where it presents the following relations: (1) It covers the lower aspect of the 
quadrate lobe and the under and lateral aspects of the gall-bladder, and at the 
transverse fissure is continuous with the anterior layer of the small omentum, 
from which a start was made. (2) It invests the under surface and posterior 
border of the left lobe, and is reflected from its upper surface on to the Diaphragm 
as the superior layer of the left lateral ligament of the liver. (3) It covers the 
under aspect of the right lobe of the liver, from the back part of which it is 
reflected on to the upper extremity of the right kidney, forming, in this situation, 
the inferior layer of the coronary ligament ; from the kidney it is carried to the 
duodenum and the hepatic flexure of the colon. 
_ Between the two layers of the coronary ligament there is a large triangular 
surface of the liver which is devoid of peritoneal covering: this is named the 
bare area of the liver, and is attached to the Diaphragm by areolar tissue. If the 
two layers of the coronary ligament be traced towards the right margin of the 
liver, they gradually approach each other and ultimately fuse to form a small 
triangular fold which connects the right lobe to the Diaphragm, and is termed 
the right lateral ligament of the liver. The apex of the triangular bare area 
corresponds with the point of meeting of the two layers of the coronary ligament ; 
its base with the fossa for the inferior vena cava. 

The posterior layer of the small omentum is reflected on to the caudate and 
Spigelian lobes of the liver, and is continued from the upper extremity of the 
latter lobe to the Diaphragm, forming the upper limit of the lesser sac of the 
peritoneum. Between the two layers of the small omentum the hepatic artery 
and portal vein ascend to, and the bile-duct descends from, the liver. When 
followed to the right the small omentum is seen to form a distinct free border, 
around which its anterior and posterior layers are continuous with each other ; 
and if the finger be introduced behind this free border, it passes into the lesser 
sac of the peritoneum through a somewhat constricted ring termed the foramen 
of Winslow. At the left extremity of the transverse fissure the small omentum 
assumes a vertical direction, and is attached along the bottom of the fissure for 
the ductus venosus. 

The foramen of Winslow forms the communication between the greater and 
lesser sacs of the peritoneum, and can be readily located by passing the fiiger 
upwards and towards the left along the neck of the gall-bladder. It is bounded, 
in front, by the free border of the smali omentum, with the bile-duct, hepatic 
artery, and portal vein between its two layers ; behind, by the parietal layer of 
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the peritoneum covering the inferior vena cava ; above, by the caudate lobe of the 
liver; and below, by the first part of the duodenum and by the peritoneum, which 
covers the hepatic artery as the latter passes forwards beneath the foramen of 
Winslow, previous to ascending between the two layers of the small omentum. 

The lesser sac of the peritoneum is merely a diverticulum of the greater sac— 
the two sacs being continuous with each other through the foramen of Winslow. 
In front, the lesser sac is bounded, from above downwards, by the Spigelian lobe 
of the liver, the small omentum, the stomach, and the anterior two layers of the 
great omentum. Behind, it is limited from below upwards by the two posterior 
layers of the great omentum, the transverse colon, and the ascending layer of 
the transverse mesocolon, which covers the upper surface of the pancreas, the 
left suprarenal capsule, and the upper end of the left kidney. To the right of 
the cesophageal opening of the Diapbragm it is formed by that portion of the 
Diaphragm which supports the Spigelian lobe of the liver. Laterally, the lesser 
sac extends from the foramen of Winslow to the spleen, where it is limited by 
the posterior layer of the gastro-splenic omentum. In the foetus it reaches as 
low as the free margin of the great omentum ; but in the adult its vertical extent 
is usually more limited, owing to adhesions between the layers of the omentum. 
The extent of the lesser sac and its relations to surrounding parts can be 
definitely made out by tearing through the small omentum and inserting the 
hand through the opening thus made. 

During a considerable part of foetal life the transverse colon is suspended. 
from the posterior abdominal wall by a mesentery of its own—the two posterior 
layers of the great omentum passing, at this stage, in front of the colon. This 
condition occasionally persists throughout life, but as a rule adhesion occurs 
between the mesentery of the transverse colon and the posterior layer of the 
great omentum, with the result that the colon appears to receive its peritoneal 
covering by the splitting of the two posterior layers of the latter fold. 

In addition to tracing the peritoneum vertically, it is necessary to trace it 
horizontally. Below the transverse colon, the arrangement is extremely simple, 
as it includes only the greater sac (fig. 720). Above the level of the transverse 
colon it is more complicated, on account of the existence of the two sacs. 

Starting from the linea alba, below the level of the transverse colon, and 
tracing the continuity in a horizontal direction to the right, the peritoneum 
covers the internal surface of the abdominal wall almost as far as the outer 
border of the Quadratus lumborum muscle; ib encloses the cecum, and is 
reflected over the sides and anterior surface of the ascending colon, fixing it to 
the abdominal wall, from which it can be traced over the Psoas muscle and 
inferior vena cava towards the middle line. It then passes along the mesenteric 
vessels to invest the small intestine, and back again to the large vessels in front 
of the spine, forming the mesentery, between the layers of which are contained 
the mesenteric blood-vessels, nerves, lacteals, and glands. It is then carried 
over the left Psoas muscle; it covers the sides and anterior surface of the 
descending colon, and, reaching the abdominal wall, is continued along it to the 
middle line of the abdomen. 

Above the transverse colon (fig. 721) the peritoneum can be traced, forming. 
the greater and lesser sacs, and their communication with each other through 
the foramen of Winslow can be demonstrated. Commencing in the middle line 
of the abdomen, the membrane may be traced lining its anterior wall, and 
sending a process backwards to encircle the obliterated umbilical vein or round 
ligament of the liver, forming the falciform ligament of the liver. Continuing 
its course to the right, it is reflected over the front of the uger part of the right 
kidney, across the vena cava inferior and aorta, and over the left kidney to the 
hilum of the spleen, forming the anterior layer of the lieno-renal ligament. 
From the hilum of the spleen it is reflected to the stomach, forming the posterior 
layer of the gastro-splenic omentum. It covers the posterior surface of the 
stomach, and from its lesser curvature it passes around the portal vein, hepatic 
artery, and bile-duci, and back again to the stomach, as the lesser omentum, 
and thus it forms the anterior boundary of the foramen of Winslow. It now 
covers the front of the stomach, and upon reaching the cardiac extremity it 
passes to the spleen, immediately in front of the hilum, forming the anterior 
layer of the gastro-splenic omentum. It can then be traced over the surface of 
the spleen, to which it gives a serous covering, and is reflected from the posterior 
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horder of the hilum on to the left kidney, forming the posterior layer of the 
ieno-renal Ligament. 
pag totes peritoneal folds extend between the various organs or connect 
them to the parietes. These serve to hold them in position, and, at the same 
time, enclose the vessels and nerves proceeding to them. Some of these folds 
are called ligaments, such as the ligaments of the liver and the false ligaments 
of the bladder. Others, which connect certain parts of the intestine with the 
abdominal wall, constitute the mesenteries; and lastly, those which proceed 
from the stomach to certain viscera in its neighbourhood are called omenta. 
The Ligaments, formed by folds of the peritoneum, include those of the liver, 
spleen, bladder, and uterus. They will be found described with their respective 


organs. 
"The Omenta are: the lesser omentum, the great omentum, and the gastro- 


splenic omentum. rA l i 
The lesser omentum (gastro-hepatic) is the duplicature which extends between 


the liver and the lesser curvature of the stomach. It is extremely thin, and 


Fic. 725.—Transverse section of peritoneum. 
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consists of the two layers of peritoneum which cover respectively the anterior 
and posterior surfaces of the stomach. When these two layers reach the lesser 
curvature of the stomach, they join together and ascend as the double fold to 
the transverse fissure of the liver; to the left of this fissure the double fold is 
attached to the bottom of the fissure of the ductus venosus, along which it is 
carried to the Diaphragm, where the two layers separate to embrace the end of 
the cesophagus. At the right border the lesser omentum is free, and the two 
layers of which it is composed are continuous. The anterior layer, which 
belongs te the greater sac, turns round the hepatic vessels to become continuous 
with the posterior layer belonging to the lesser one. They here form a iree, 
rounded margin, which constitutes the anterior boundary of the foramen of 
Winslow. Between the two layers, close to this free margin, are the hepatic 
mpe the common bile-duet, the portal vein, lymphatics, and the hepatic plexus 
o! nerves—all these structures being enclosed in loose areolar tissue, called 
Glisson’s capsule. Between the layers where they are attached to the stomach 
run the gastric artery and the pyloric branch of the hepatic artery. : 
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The great omentum (gastro-colic) is the largest peritoneal fold. It consists of 
four layers of peritoneum, two of which descend from the stomach, one from its 
anterior, the other from its posterior surface, and, uniting at its lower border, 
descend in front of the small intestines, sometimes as low down as the pelvis; 
they then turn upon themselves, and ascend again as far as the transverse colon, 
where they separate and enclose that part of the intestine. These individual 
layers may be easily demonstrated in the young subject, but in the adult they 
are more or less inseparably blended. The left border of the great omentum is 
continuous with the gastro-splenic omentum; its right border extends as far 
only as the duodenum. The great omentum is usually thin, presents a cribri- 
form appearance, and always contains some adipose tissue, which in fat subjects 
accumulates in considerable quantity. Its use appears to be to protect the 
intestines from the cold, and to facilitate their movement upon each other during 
their vermicular action. Between its two anterior layers is the anastomosis 
between the right and left gastro-epiploic arteries. 

The gastro-splenic omentum is the fold which connects the margins of the 
hilum of the spleen to the cwl-de-sac of the stomach, being continuous by its 
lower border with the great omentum. It contains the vasa brevia vessels. 

The Mesenteries are: the mesentery proper, the transverse mesocolon, the 
sigmoid mesocolon, and the mesorectum. In addition to these there are some- 
times present an ascending and a descending mesocolon. 

The mesentery is the broad, fan-shaped fold of peritoneum which connects 
the convolutions of the jejunum and ileum with the posterior wall of the 
abdomen. Its root—the part connected with the structures in front of the 
vertebral column—is narrow, about six inches in length, and is directed obliquely 
from the duodeno-jejunal flexure at the left side of the second lumbar vertebra 
to the right iliac fossa (fig. 722). Its intestinal border is about twenty feet in 
length; and here its two layers separate to enclose the intestine, and form its 
peritoneal coat. Its breadth, between its vertebral and intestinal borders, is 
about eight inches. Its wpper border is continuous with the under surface of the 
transverse mesocolon : its lower border, with the peritoneum covering the cecum 
and ascending colon. It serves to retain the small intestines in their position, 
and contains between its layers the rami intestini tenuis of the superior 
mesenteric artery, with their accompanying veins and plexuses of nerves, the 
lacteal vessels, and mesenteric glands. | 

In most cases the peritoneum covers only the front and sides of the ascending 
and descending parts of the colon. Sometimes, however, these are surrounded 
by the serous membrane and attached to the posterior abdominal wall by an 
ascending and a descending mesocolon respectively. At the place where the 
transverse colon turns downwards to form the descending colon, a fold of perito- 
neum is continued to the Diaphragm opposite the tenth and eleventh ribs. This 
is the phreno-colic ligament; it passes below the spleen, and serves to support 
this organ, and therefore it has received the second name of sustentaculum lients. 

The transverse mesocolon is a broad fold, which connects the transverse colon 
to the posterior wall of the abdomen. It is formed by the two ascending or 
posterior layers of the great omentum, which, after separating to surround 
the transverse colon, join behind it, and are continued backwards to the spine, 
where they diverge in front of the anterior border of the pancreas. This fold 
contains between its layers the vessels which supply the transverse colon. 

The sigmoid mesocolon is the fold of peritoneum which retains the sigmoid 
flexure in connection with the left Psoas muscle. Between the two layers of 
this fold run the sigmoid arteries. 

The mesorectum is the narrow fold which connects the upper part of the 
rectum with the front of the sacrum. It contains the superior hemorrhoidal 
vessels.* 

The appendices epiploice are small pouches of the peritoneum filled with fat 
and situated along the colon and upper part of the rectum. They are chiefly 
appended to the transverse colon. ; r 

Retro-peritoneal fosse.—In certain parts of the abdominal cavity there are 
recesses of peritoneum forming culs-de-sac or pouches, which are of surgical 


* The sigmoid mesocolon and mesorectum are sometimes described together under 
the name of the pelvic mesocolon. 
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interest in connection with the possibility of the occurrence of retro-peritoneal 
hernia. One of these is the lesser sac of the peritoneum, which may be regarded 
as a recess of peritoneum through the foramen of Winslow, in which a hernia 
may take place, but there are several others, of smaller size, which require 
mention. 

These recesses or fossæ may be divided into three groups, viz.: 1, the 
duodenal fosse ; 2, pericecal fosse ; and 3, the intersigmoid fossa. 

1. Duodenal fosse.—Moynihan has described no less than nine fosse as 
occurring in the neighbourhood of the duodenum. Three of these are fairly 


Fia. 722.—Diagram devised by Delépine to show the lines along which the 
peritoneum leaves the wall of the abdomen to invest the viscera. 
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constant, and are the only ones which require mention. (a) The inferior duo- 
denal fossa is the most constant of all the peritoneal fossæ in this region, being 
pi in from 70 to 75 per cent. of cases. It ig situated opposite the third 
umbar vertebra on the left side of the ascending portion of the duodenum. The 
T into the fossa is directed upwards, and is bounded by a thin sharp fold 
of peritoneum with a concave margin, called the inferior duodenal fold. The 
ee the index finger introduced into the fossa under the fold passes some 
ittle distance up behind the ascending or fourth portion of the duodenum. 
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(b) The SUperior duodenal fossa is the next most constant pouch or recess, 
being present in from 40 to 50 per cent. of cases. It often coexists with the 
inferior one, and its orifice looks downwards, in the opposite direction to the 

receding fossa. It lies to the left of the ascending portion of the duodenum. 
t is bounded by the free edge of the superior duodenal fold, which presents a 
semilunar margin ; to the right it is blended with the peritoneum covering the 
ascending duodenum, and to the left with the peritoneum covering the perirenal 
tissues. The fossa is bounded in front by the superior duodenal fold; behind 
by the second lumbar vertebra; to the nght by the duodenum. Its depth is 
two centimetres, and it terminates in the angle formed by the left renal vein 
crossing the aorta. This fossa is of importance, as it is in relation with the 
inferior mesenteric vein: that is to say, the vein almost always corresponds to 
the line of union of the superior duodenal fold with the posterior parietal 
peritoneum. (c) The duodeno-jejwnal fossa can be seen by pulling the jejunum 
downwards and to the right, after the transverse colon has been pulled upwards. 
It will appear as an almost circular opening, looking downwards and to the 
right, and bounded by two free borders or folds of peritoneum, the duodeno- 
mesocolic ligaments. The opening admits the little finger into the fossa, to the 
depth of from two to three centimetres. The fossa is bounded above by the 
pancreas, to the right by the aorta, and to the left by the kidney ; beneath is 
the left renal vein. The fossa exists in from 15 to 20 per cent. of cases, and 
os never yet been found in conjunction with any other form of duodenal 
OSSA. 

2. Periceeal fosse.—There are at least three pouches or recesses to be found 
in the neighbourhood of the cecum, which are termed pericecal fosse. (1) The 
ileo-colic fossa (superior ileo-cæcal) is formed by a fold of peritoneum, the ileo- 
colic fold, arching over a branch of the ileo-colic artery, which supplies the 
ileo-colic junction, and appears to be the direct continuation of the artery. The 
fossa is a narrow chink situated between the ileo-colic fold in front, and the 
mesentery of the small intestine, the ileum, and the small portion of the cecum 
behind. (2) The ileo-cæcal fossa (inferior ileo-cæcal) is situated behind the 
angle of junction of the ileum and cecum. It is formed by a fold of peritoneum 
(the ileo-cæcal fold or bloodless fold of Treves), the upper border of which is 
attached to the ileum, opposite its mesenteric attachment, and the lower border, 
passing over the ileo-cecal junction, joins the mesentery of the appendix, and 
sometimes the appendix itself; hence this fold has been called the ileo- 
appendicular. Between this fold and the mesentery of the vermiform appendix 
is the ileo-cæcal fossa. It is bounded above by the posterior surface of the 
ileum and the mesentery ; in front and below by the ileo-cæcal fold, and behind 
by the upper part of the mesentery of the appendix. (3) The subcecal fossa 
(retro-ceecal) is situated immediately behind the cecum, which has to be raised 
to bring it into view. It varies much in size and extent. In some cases it is 
sufficiently large to admit the index finger, and extends upwards behind the 
ascending colon in the direction of the kidney: in others it is merely a shallow 
depression. It is bounded and formed by two folds: one, the parieto-coltc, 
which is attached by one edge to the abdominal wall from the Jower border of 
the kidney to the iliac fossa and by the other to the postero-external aspect of 
the colon; and the other, mesenterico-parietal, which is in reality the insertion 
of the mesentery into the iliac fossa. In some instances the subcacal fossa is 
double. 

3. The Intersigmoid fossa is constant in the fœtus and during infancy, but 
disappears in a certain percentage of cases as age advances. Upon drawing the 
sigmoid flexure upwards, the left surface of the sigmoid mesocolon is exposed, 
and on it will be seen a funnel-shaped recess of the peritoneum, lying on the 
external iliac vessels, in the interspace between the Psoas and Iliacus muscles. 
This is the orifice leading to the fossa intersigmoidea, which lies behind the 
sigmoid mesocolon, and in front of the parietal peritoneum. The fossa varies in 
size; in some instances it is a mere dimple, whereas in others it will admit the 
whole of the index finger. < : 

Any of these fosse may be the site of a retro-peritoneal hernia. The peri- 
cecal fossæ are of especial interest, because hernia of the vermiform appendix 
frequently takes place into one of them, and may there become strangulated. 
The presence of these pouches also explains the course which pus has been 
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known to take in cases of perforation of the appendix, where it travels upwards 
behind the ascending colon as far as the Diaphragm.* 


THE STOMACH 


The Stomach is the principal organ of digestion. It is the most dilated part 
of the alimentary canal, and is situated between the termination of the ceso- 
phagus and the commencement of the small intestine. Its form is somewhat 
pyriform with the large end (fundus) directed upwards and the small end bent 
to the right. It is situated in the left hypochondriac and Oo TEL regions, and 
is placed, in part, immediately behind the anterior wall o the abdomen and 
beneath the Diaphragm. Viewing the stomach from in front it appears that the 
right margin of the cesophagus is continued downwards as the upper two-thirds 
of the lesser curvature of the stomach, the remaining third of this border bend- 
ing sharply backwards and to the right, to complete the smaller curvature 
(fig. 723). The greater curvature begins at the left border of the termination of 
the oesophagus in a somewhat acute angle; it then passes upwards and to the 
left to the under surface of the Diaphragm, with which it lies in contact for 

some distance, and then sweeps downwards 


Fie, 723.—Diagrammatic outline with a convexity to the left, and, continued 
of the stomach. across the middle line of the body, finally 
; turns upwards and backwards, to terminate 


at the commencement of the small intestine. 
It will thus be seen that the stomach may 
be divided into a main or cardiac portion, 
the long axis of which is directed down- 
wards, with a little inclination forwards and 
to the right, and a smaller or pyloric portion, 
the long axis of which is horizontal with 
an inclination backwards. Of the two open- 
ings, the cardiac orifice, by which it com- 
Grater  municates with the cesophagus, is situated 
Curvature slightly to the left of the middle line of the 
body to the right of the fundus, or dilated 
upper extremity of the stomach, and. is 
directed downwards; the other, the pyloric orifice, by which it communicates 
with the small intestine, is on a lower plane, close to the right of the mid-line, 
and looks directly backwards. 

The stomach has two surfaces, called anterior and posterior, and two borders, 
termed the greater and lesser curvatures. 

Surfaces.— With regard to the so-called anterior and posterior surfaces of the 
stomach, it must be borne in mind that these names are not strictly correct, as 
the anterior surface is directed upwards as well as forwards, and the posterior 
downwards as well as backwards. 

The anterior surface has a somewhat flattened appearance when the stomach 
is empty, but when the stomach is full the surface becomes convex. It is in 
relation with the Diaphragm ; the thoracic wall formed by the anterior parts of 
the seventh, eighth, and ninth ribs of the left side; the left lobe of the liver ; 
and the anterior abdominal wall. Between the part covered by the liver and 
that covered by the left ribs there is a triangular segment of the anterior wall of 
the stomach, which is in contact with the abdominal wall and is the only part 
of the stomach which is visible when the abdominal wall is removed and the 
viscera allowed to remain in situ. It measures about forty square centimetres 
and is of great importance to the surgeon, as the stomach can readily be reached 
in this situation. When the stomach is empty the transverse colon may be 
found lying in front of the lower part of its anterior surface. The whole of this 
surface of the stomach is covered by peritoneum. 

The posterior surface of the stomach is in relation with the Diaphragm, the 
gastric surface of the spleen, the left suprarenal capsule, the upper part of the 
left kidney, the anterior surface of the pancreas, the splenic flexure of the colon, 
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5 * On the anatomy of these fossæ, see the Arris and Gale Lectures by Moynihan, 
1899. 
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The pyloric orifice communicates with the duodenum, the aperture being 
guarded by a valve. Its position varies with the movements of the stomach. 
When the stomach is empty the pylorus is situated just to the right of the 
median line of the body, on a level with the upper border of the first lumbar 
vertebra. On the anterior surface of the body its position would be indicated 
by a point an inch below the tip of the ensiform cartilage and a little to the 
right. As the stomach becomes filled the pylorus moves to the right, and 
in a fully distended stomach may be seer about two inches to the right of 
the median line. Near the pylorus the stomach exhibits a slight dilatation 
which is named the antrum pylori, and when the stomach is fully distended, 
ae pant becomes elongated to the right so as to extend beyond the pylorus 
itself. 
The size of the stomach varies considerably in different subjects. When 
moderately distended its greatest length, from the top of the fundus to the 
lowest part of the greater curvature, is from ten to twelve inches; and its 
diameter at the widest part from four to five inches. The distance between the 
two orifices is from three to six inches, and the measurement from the anterior 
to the posterior wall three and a half inches. Its weight is about four ounces 
and a half, and its average capacity in the adult male is about a quart. 


Alterations in Position.—There is no organ in the body the position and size of 


which present such frequent alterations as the stomach. When empty, it lies at the back 
part of the abdomen, some distanċe from the surface. Its pyloric end is situated close to 
covered in front by the left lobe of the 


or very slightly to the right of the middle line, 
liver, and being on a level with the first lumbar vertebra. When empty, the stomach 


assumes a more or legs cylindrical form, especially noticeable at its pyloric end. When 
the stomach is distended, its surfaces, which are flattened when the organ is empty, 
become convex, and the stomach is brought well against the anterior wall of the abdomen. 
Its fundus expands and rises considerably above the level of the cardiac orifice: in doing 
this the Diaphragm is forced upwards, contracting the cavity of the chest; hence the 
dyspnea complained of, from inspiration being impeded. The apex of the heart is 
also tilted upwards; hence the oppression in this region and the palpitation experienced 
in extreme distension of the stomach. The left lobe of the liver is pushed to the 
right side. When the stomach becomes distended the change in the position of the 
pylorus is very considerable; it is shifted to the right, about two inches from the median 
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line, and lies under cover of the liver, near the neck of the gall-bladder. In consequence 
of the distension of the stomach the lesser cul-de-sac bulges over the pylorus, concealing 
it from view, and causing it to undergo a rotation, so that its orifice is directed backwards. 
The stomach is displaced downwards by the descent of the Diaphragm during inspiration, 
and elevated by the pressure of the abdominal muscles during expiration. Presswre 
from without, as from tight lacing, pushes the stomach down towards the pelvis. In 
disease, also, the position and connection of the organ may be greatly changed, from the 
accumulation of fluid in the chest or abdomen, or from alteration in size of any of the 
surrounding viscera. Variations according to age.—In an early period of development 
the stomach is vertical, and in the new-born child it is more vertical than later on in life, 
as owing to the large size of the liver it is more pushed over to the left side of the 
abdomen, and the whole of the anterior surface is covered by the left lobe of this organ. 


Fra. 724.—The mucous membrane of the stomach and duodenum 
with the bile-ducts. 
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On looking into the pyloric end of the stomach, the mucous membrane is 
found projecting inwards in the form of a circular fold, the pyloric valve, leaving 
a narrow circular aperture, about half an inch in diameter, by which the stomach 
communicates with the duodenum. 

The pyloric valve is formed by a reduplication of the mucous membrane of 
the stomach, containing numerous circular muscular fibres, which are aggregated 
into a thick ring; the longitudinal fibres and serous membrane being continued 
over the fold without assisting in its formation. 

Structure. —The wall of the stomach consists of four coats: serous, muscular 
areolar, and mucous, together with vessels and nerves. 

The serous coat is derived from the peritoneum, and covers the entire surface 
of the organ, excepting along the greater and lesser curvatures, at the points of 
attachment of the greater and lesser omenta ; here the two layers of peritoneum 
leave a small triangular space, along which the nutrient vessels and nerves pass. 
On the posterior surface of the stomach, close to the cardiac orifice, there is also 
a small area uncovered by peritoneum, where the organ is in contact with the 
under surface of the Diaphragm. 
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The muscular coat (fig. 725) is situated immediately beneath the serous 
covering, to which it is closely connected. It consists of three sets of fibres : 
longitudinal, circular, and oblique. 

The longitudinal fibres are most superficial ; they are continuous with the 
longitudinal fibres of the cesophagus, and radiate in a stellate manner from the 
cardiac orifice. They are most distinct along the curvatures, especially the 
lesser, but are very thinly distributed over the surfaces. At the pyloric end they 
are more thickly distributed, and continuous with the longitudinal fibres of the 
smal] intestine. 

The circular fibres form a uniform layer over the whole extent of the stomach 
beneath the longitudinal fibres. At the pylorus they are most abundant, and are 
aggregated into a circular ring, which projects into the lumen, and forms, with 
the fold of mucous membrane covering its surface, the pyloric valve, They are 
continuous with the circular fibres of the cesophagus. 

The oblique fibres are limited chiefly to the cardiac end of the stomach, where 
they are disposed as a thick uniform layer, covering both surfaces, some passing 
obliquely from left to right, others from right to left, round the cardiac end. 


Fie. 725.—The muscular coat of the stomach. 
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the orifices of minute tubes, the gastric glands, which are situated perpen- 
dicularly side by side throughout the entire substance of the mucous membrane. 
The surface of the mucous membrane of the stomach is covered by a single 
layer of columnar epithelium ; it lines the alveoli, and also for a certain distance 
the mouths of the gastric glands. This epithelium commences very abruptly 
at the cardiac orifice, where the cells suddenly change in character from the 
stratified epithelium of the oesophagus. The cells are elongated, and consist 
of two parts, the inner or attached portions being granular, and the outer or 
free parts being clear and occupied by a muco-albuminous substance. 

The gastric glands are of two kinds, which differ from each other in structure, 
and it is believed also in the nature of their secretion. They are named 
respectively pyloric and cardiac or oxyntic glands. They are both tubular in 
character, and are formed of a delicate basement-membrane, lined by epithelium. 
The basement-membrane consists of flattened transparent endothelial cells, with 


Fic. 726.—Pyloric gland. Fic. 727.—-Cardiac gland. 
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processes which extend between and support the epithelium. The pyloric glands 
(fig. 726) are most numerous at the pyloric end of the stomach, and from this 
fact have received their name. They consist of two or three short, closed tubes 
opening into a common duct, the external orifice of which is situated at the 
bottom of an alveolus. The cecal tubes are wavy, and are of about equal length 
with the duct. The tubes and duct are lined throughout with epithelium, the 
duct being lined by columnar cells, continuous with the epithelium lining the 
surface of the mucous membrane of the stomach, the tubes with shorter and 
more cubical cells which are finely granular. The cardiac glands (fig. 727) are 
found all over the surface of the stomach, but occur most numerously at the 
cardiac end. Like the pyloric glands they consist of a duct, into which open 
two or more cecal tubes. The duct, however, in these glands is shorter than in 
the other variety, sometimes not amounting to more than one-sixth of the whole 
length of the gland; it is lined throughout by columnar epithelium. At the 
point where the terminal tubes open into the duct, and which is termed the neck, 
the epithelium alters, and consists of short columnar or polyhedral, granular 
cells, which almost fill the tube, so that the lumen becomes suddenly constricted, 
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and is continued down as a very fine channel. The 


or central cells of the glands. Between these cells and the basement-membrane 
are found other darker granular-looking cells, studded throughout the tube at 
intervals, and giving it a beaded or varicose appearance. These are known as 
the parietal or oxyntic cells. Between the glands the mucous membrane con- 
sists of a connective-tissue framework, with lymphoid tissue. In places, this 
latter tissue, fepe oially in early life, is collected into little masses, whieh to 
a certain extent resemble the solitary glands of the intestine, and are by some 
termed the lenticular glands of the stomach. They are not, however, so 
distinctly circumscribed as the solitary glands. Beneath the mucous membrane, 
and between it and the submucous coat, is a thin stratum of involuntary 
muscular fibre (muscularis mucosæ), which in some parts consists only of a single 
longitudinal layer; in others of two layers, an inner circular, and an outer 
longitudinal. 

Vessels and Nerves.—The arteries Supplying the stomach are: the gastric, the 
pyloric and right gastro-epiploic branches of the hepatic, the left gastro-epiploic 
and vasa brevia from the splenic. They supply the muscular coat, ramify in 
the submucous coat, and are finally distributed to the mucous membrane, The 
arrangement of the vessels in the mucous membrane is somewhat peculiar. The 
arteries break up at the base of the gastric tubules into a, plexus of fine capillaries 
which run upwards between the tubules, anastomosing with each other, and 
ending in a plexus of larger capillaries, which surround the mouths of the tubes, 
and also form hexagonal meshes around the alveoli. From these latter the veins 
arise, and pursue a straight course downwards, between the tubules, to the 
submucous tissue; they terminate either in the splenic and superior mesenteric 
veins, or directly in the portal vein. The lymphatics are numerous ; they consist 
of a superficial and deep set, which pass to the lymphatic glands found along the 
two curvatures of the organ.. The nerves are the terminal branches of the right 
and left pneumogastric, the former being distributed upon the back, and the 
latter upon the front part of the organ. A great number of branches from the 
solar plexus of the sympathetic are also distributed to it. 
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separated from each other in the same line with a steel director. The posterior layer of 
the sheath, the Transversalis muscle and fascia, and the peritoneum are then divided, and 
the peritoneal cavity opened. The anterior wall of the stomach is now seized and drawn 
out of the wound and a silk suture passed through its muscular and serous coats at the 
point selected for opening the viscus. This is held by an assistant so that a long conical 
diverticulum of the stomach protrudes from the external wound, and the parietal peri- 
toneum and the posterior layer of the sheath of the Rectus are sutured to it. A second 
incision is made through the skin, over the margin of the costal cartilage, above and a 
little to the outer side of the first incision. With a pair of dressing forceps a track is 
made under the skin through the subcutaneous tissue from the one opening to the 
other, and the diverticulum of the stomach is drawn along this track by. means of the 
suture inserted into it, so that its apex appears at the second opening. A small perfora- 
tion is now made into the stomach through this protruding apex, and its margins carefully. 
and accurately sutured to the margin of the external wound. The remainder of this 
incision and the whole of the first incision are then closed in the ordinary way and the 
wound dressed. 

In cases of gastric ulcer perforation sometimes takes place, and this was formerly 
regarded as an almost fatal complication. In the present day, by opening the abdomen 
and closing the perforation, which is generally situated on the anterior surface of the 
stomach, a considerable percentage of cases is cured, provided the operation is done 
within twelve or fifteen hours after the perforation has taken place. The opening is 
best closed by bringing the peritoneal surfaces on either side into apposition by means 
of Lembert’s sutures. 

Excision of the pylorus has occasionally been performed, but the results of this 
operation are by no means favourable, and, in cases of cancer of the pylorus, before 
operative proceedings are undertaken, the tumour has become so fixed and has so far 
implicated surrounding parts that removal of the pylorus is impossible and gastro- 
enterostomy has to be substituted. The object of this operation is to make a fistulous 
communication between the stomach, on the cardiac side of the disease, and the small 
intestine, as high up as is possible. 

In cases of cancer of the stomach involving other parts than the pylorus, the question 
of removing the whole or greater part of the stomach has to be considered. This operation 
has been performed by Schlatter and others with success. 

Digital dilatation of the pylorus for simple stricture was first performed by Loreta. 
He exposed the stomach and opened it by a transverse incision near the pylorus. He 
then inserted the forefingers of both hands and passed these through the pylorus and 
stretched it with some degree of force. The operation has now, however, dropped out 
of use and been replaced by pyloroplasty. This consists in making a longitudinal 
incision from the stomach through the pylorus into the duodenum, and converting this 
longitudinal incision into a transverse one by traction at the centre of the incision, and 
retaining it permanently in this position by sutures. 

The stomach is seldom ruptured from external violence, on account of its protected 
position. Ifit occurs itis when the organ is distended with food. The stomach is sometimes 
injured in gunshot wounds. There is intense shock and severe pain, localised at first to 
the seat of the injury, but soon radiating over the whole abdomen. The treatment 
consists in opening the peritoneal cavity, clearing away all the extravasated contents of the 
stomach and repairing the rent. 
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The small intestine is a convoluted tube, extending from the pylorus to the 
ileo-cæcal valve, where it terminates in the large intestine. It is about twenty 
feet in length,* and gradually diminishes in size from its commencement to its 
termination. It is contained in the central and lower parts of the abdominal 
cavity, and is surrounded above and at the sides by the large intestine; a 
portion of it extends below the brim of the pelvis and hes in front of the rectum ; 
it is in relation, in front, with the great omentum and abdominal parietes; and 
connected to the spine by a fold of peritoneum, the mesentery. The small 
intestine is divisible into three portions: the duodenum, the jejunum, and ileum. 

The duodenum has received its name from being about equal in length to 
the breadth of twelve fingers (ten inches). It is the shortest, the widest, and 
the most fixed part of the small intestine, and has no mesentery, being only 


* Treves states that, in one hundred cases, the average length of the small intestine 
in the adult male was 22 feet’6 inches, and in the adult female 23 feet 4 inches: but that 
it varies very much, the extremes in the male being 31 feet 10 inches in one case, and 
15 feet 6 inches in another, a difference of over 15 feet. He states that he has convinced 
a that the length of the bowel is independent, in the adult, of age, height, and 
weight, 
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vertebra along the right side of the vertebral column as low as the upper border 
of the body of the fourth lumbar vertebra. It ig crossed in its middle third 
by the transverse colon, the posterior surface of which is uncovered by peritoneum 
and is connected to the duodenum by a small quantity of connective tissue 
(fig. 728). The portions of the descending part of the duodenum above and 
below this interspace are named the supra- and infra-colic portions, and are 
covered in front by peritoneum. The infra-colic part is covered by the right 
leaf of the mesentery. Posteriorly the descending portion of the duodenum 
ig uncovered by peritoneum. It is in relation, in front, with the transverse 
colon, and above this with the liver; behind with the inner part of the right 
kidney, to which it is connected by loose areolar tissue, the renal vessels, the 
vena cava inferior, and the Psoas magnus below ; at its inner side is the head 
of the pancreas, and the common bile-duct; to its outer side is the hepatic 
flexure of the colon. The common bile-duct and the pancreatic duct perforate 
the inner side of this portion of the intestine obliquely, some three or four 
inches below the pylorus. The relations of the second part of the duodenum 
to the right kidney present considerable variations. 
The third or transverse portion (pre-aortic portion) is from two to three inches 


in length. It commences at the right side of the upper border of the fourth 
lumbar vertebra and passes from right to left, with a slight inclination upwards, 
in front of the great vessels and crura of the Diaphragm, and ends in the fourth 


portion in front of the abdominal aorta. It is crossed by the superior mesenteric 
vessels and the mesentery. Tts front surface is covered by peritoneum, except 
near the middle line, where it is erossed by the superior mesenteric vessels. Its 


posterior surface ig uncovered by peritoneum, except towards its left extremity, 
g be found covering it 


where the posterior layer of the mesentery may sometime 
to a variable extent. This surface rests upon the aorta, the vena cava inferior, 
and the right crus of the Diapbragm. By its upper surface this portion of the 
duodenum is in relation with the head of the pancreas. en: 

The fourth or ascending portion of the duodenum is about an inch in length. 
It ascends on the left side of the vertebral column and aorta, as far as the level 
of the upper border of the second lumbar vertebra, where it turns abruptly 
forwards to become the jejunum, forming the duodeno-jejunal flexure. It 1s 


covered entirely in front and partly at the sides by peritoneum, derived = the 
3 


Rt. renal 
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of the mesentery. It touches the left kidney, slightly overlapping 


left portion | 
rests upon the left crus of the Diaphragm. 


its inner margin, and 


Fic. 728.—Relations of duodenum, pancreas and spleen. 
(From & cast by Birmingham.*) 
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The dotted lines represent the attachment of the transverse mesocolon. 


The first part of the duodenum, as stated above, is somewhat movable, but 
the rest is practically fixed and is bound down to neighbouring viscera and the 


* In the subject from which the cast was taken the left kidney was lower than normal. 
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imal part of the vitelline or omphalo-mesenteric duct, the | 
pig Aeee the umbilical vesicle and the alimentary canal in early 


l life. 
amen lb wall of the small intestine is composed of four coats: serous, 


lar, areolar, and mucous. i ; 

P ai serous coat is derived from the peritoneum. The first or ascending 
portion of the duodenum is almost completely surrounded by tae mer e 
near its pyloric end, but is only covered in front att the other ex remity ; 
the second or descending portion is covered by it in front, except where it is 
carried off by the transverse colon; and the third or transverse portion lies 
behind the peritoneum, which passes over it, without being closely incorporated 
with the other coats of this part of the intestine, and is separated from it in 
and near the middle line by the superior mesenteric vessels. The remaining 
portion of the small intestine is surrounded by the peritoneum, excepting along 
its attached or mesenteric border; here a space is left for the vessels and nerves 
to pass to the gut. Saa 

The muscular coat consists of two layers of fibres, an external or longitudinal, 
and an internal or circular layer. The longitudinal fibres are thinly scattered 
over the surface of the intestine, and are more distinct along its free border. 
The circular fibres form a thick, uniform layer; they surround the cylinder of 
the intestine in the greater part of its circumference, and are composed of plain 
muscle-cells of considerable length. The muscular coat is thicker at the upper 
than at the lower part of the small intestine. 

The areolar or submucous coat connects together the mucous and muscular 
layers. It consists of loose, filamentous areolar tissue, which forms a nidus for 
the subdivision of the nutrient vessels, previous to their distribution to the 
mucous surface. 

The mucous membrane is thick and highly vascular at the upper part of 
the small intestine, but somewhat paler and thinner below. It consists of the 
following structures: next the areolar or submucous coat is a layer of unstriped 
muscular fibres, the muscularis mucosé ; internal to this is a quantity of retiform 
tissue, enclosing in its meshes lymph-corpuscles, and in which the blood-vessels 
and nerves ramify. Lastly, a basement-membrane, supporting a single layer of 
epithelial cells, which throughout the intestines are columnar in character. They 
are granular in appearance, and each possesses a clear oval nucleus. At their 
superficial or unattached ends they present a distinct layer of highly refracting 
material, marked by vertical strie, which were formerly believed to be minute 
channels, by which the chyle was taken up into the interior of the cell, and by 
them transferred to the lacteal vessels of the mucous membrane. 


The mucous membrane presents for examination the following structures 
contained within it or belonging to it: 


Valvale conniventes. Duodenal glands. 


Villi. Glands l Solitary gl 
i y glands. 
Simple follicles. Peyer's or Agminated glands. 


The valvule conniventes (valves of Kerkring) are lar 
. e fold 
Projecting into the lumen of the bowel. They E composed e 


begin to appear about one or two inches 


of the descending portion bel i Ffi 
enter the intestine, they are ary arua oint where the bile an 
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considerably in size. In the low 
lower part of the ileum th j 

rend with = Se pice thinness of this newton k “he ae ` 
ea ae e eai The valvulee tern eke 
for abs UE iien. g ntestines, and afford a more extensive surface 

e villi are minute, highl 

, ly vascular processes, projecti 

—— the small intestine a: its Abe otterk oa ivi Yee 
Sale a Ie appearance. According to Rauber, they are EA z 
3 So a y 

1d most numerous in th jej 
become fewer and smaller in the ileum. ene iene ae in = 


Fic. 729.—Diagrammatic section of'a villus. (Watney.) 





ep. Epithelium only partially shaded in. Z. Central chyle-vessel; the cells forming the vessel have been less shaded 
to distinguish them from the cells of the parenchyma of the villus, m. Muscle-fibres running up by the side of the 
chyle-vessel. It will be noticed that each muscle-fibre is surrounded by the reticulum, and by this reticulum the 
muscles are attached to the cells forming the membrana propria, as at e', or to the reticulum of the villus. 
lc. Lymph-corpuscles, marked by & spherical nucleus and a clear zone of protoplasm. l’. Upper limit of the chyle- 


propria. vV. Blood-vessels. z. Dark line at the base of the epithelium formed by the retioulum. It will be seen 
that the reticulum penetrates between all the other elements of the villus. The reticulum contains thickenings or 
‘nodal points.’ The diagram shows that the cells of the upper part of the villus are larger and contain & larger zone 
of protoplasm than those of the lower part. The cells of the upper part of the chyle-vessel differ somewhat from 
those of the lower part, in that they more nearly resemble the cells of the parenchyma. 


upper part of the small intestine at from fifty to ninety in a square line ; and in 
the lower part from forty to seventy ; the total number for the whole length of 
the intestine being about four millions. 
Structure of the villi (fig. 729)—The structure of the villi has been studied 
by many eminent anatomists. The description here followed is that of Watney,” 
whose researches have an important bearing on the physiology of the absorption 


of fat, which is the peculiar function of this part of the intestine. 
f a villus are: the lacteal vessel, the blood-vessels, the 


The essential parts o 3 
epithelium, the basement-membrane, and muscular tissue of the mucosa, these 


structures being supported and held together by retiform lymphoid tissue. | 
These structures are arranged in the following manner. ~ Situated in the 


* Phil. Trans. vol. clxvi. pt. i. 
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centre of the villus is the lacteal, terminating near the summit in a blind 
extremity ; running along this vessel are unstriped muscular fibres; surround- 
ing it is a plexus of capillary vessels, the whole being enclosed by a basement- 
membrane, and covered by columnar epithelium. Those structures which are 
contained within the basement-membrane—namely, the lacteal, the muscular 
tissue, and the blood-vessels—are surrounded and enclosed by a delicate 
reticulum which forms the matrix of the villus, and in the meshes of which are 
found large flattened cells, each with an oval nucleus, and, in smaller numbers, 
lymph-corpuscles. These latter are to be distinguished from the larger cells of 
the villus by their behaviour with reagents, by their size, and by the shape of 
their nucleus, which is spherical. Transitional forms, however, of all kinds are 
met with between the lymph-corpuscle and the proper cells of the villus. Nerve- 
fibres are contained within the villi: they form ramifications throughout the 
reticulum. 

The lacteals are in some cases double, and in some animals multiple. 
Situated in the axis of the villi, they commence by dilated cxcal extremities 


Fie. 730.—Villi of small intestine. (Cadiat.) 
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in the process of absorption by the villi. That is to j 

into the columnar epithelial eani and, escaping from TAR i posao Slol = 

reticulum of the villus, and thence into the central lacteal. : 
The simple follicles, or crypts of Lieberkiihn (figs. 731, 732), are found in 

considerable numbers over every part of the mucous membrane of the small 

intestine. They consist of minute tubular depressions 

of the mucous membrane, arranged perpendicularly to Fie. 731.—-Longitudinal 


the surface, upon which they open by small circular section of crypts of 
apertures. They may be seen with the aid of a lens, Lieberkithn. Goblet- 
their orifices appearing as minute dots, scattered cells seen among the 


columnar epithelial 
cells. (Klein and 
Noble Smith.) 


between the villi. Their walls are thin, consisting of 
a basement-membrane lined by columnar epithelium, 
and covered on their exterior by capillary vessels. 

The duodenal or Brunner’s glands are limited to 
the duodenum. They are small, flattened, granular 
bodies embedded in the submucous areolar tissue, and 
open upon the surface of the mucous membrane by 
minute excretory ducts. They are largest and most 
numerous near the pylorus, forming an almost complete 
layer in the first and upper half of the second portions 
of the duodenum. They then begin to diminish in 
number, and practically disappear at the junction of 
the duodenum and jejunum. They are small compound 
acino-tubular glands, and much resemble the smali 
glands which are found in the mucous membrane of 
the mouth. They are believed by Watney to be direct 
continuations of the pyloric glands of the stomach. 
They consist of a number of tubular alveoli, lined by 
epithelium, and opening by a single duct on the inner 
surface of the intestine. 

The solitary glands (glandule solitariæ) are found 
scattered throughout the mucous membrane of the 
gmall intestine, but are most numerous in the lower 
part of the ileum. They are small, round, whitish 
bodies, from half a line to a line in diameter. Their 
free surface is covered with villi, and each gland is 
surrounded by the openings of the follicles of Lieber- 
kühn. They are now recognised as lymph-follicles, and 
consist of a dense interlacing retiform tissue closely 
packed with lymph-corpuscles, and permeated with an 


capillary network (fig. 733). The interspaces l 

a ringer 3 : are pie ha with larger lymph-spaces which surround 
the gland, through which they communicate with the lacteal system. They 
= are situated partly in the submucous tissue, partly 
Fic. 732.—Transverse sec- in the mucous membrane, where they form slight 
tion of crypts of Lieber- projections of its epithelial layer, alter having ene- 
kiihn. (Klein and Noble trated the muscularis mucose. The villi which are 
situated on them are generally absent from the very 

summit (or ‘cupola, as Frey calls it) of the gland. 
Peyer's glands (agminated glands) (figs. 733 to 
436) may be regarded as aggregations of solitary 
lands, forming circular or oval patches from twenty 
fo thirty in number, and varying im length from 
half an inch to four inches. They are largest and 
most numerous in the ileum. In the lower part of 
the jejunum they are small, of a circular form, and 
few in number. They are occasionally seen in the 
duodenum. They are placed lengthwise in the in- 
testine, and are situated in the portion of the tube 
most distant from the ajiaenan of - mpag 

i he above-described solitary gian 
d paida S = wy a ee every respect is similar In ee 
- oto patch is surrounded by a circle of the crypts of Lieberkühn, but 
o . 
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hes do not, as a rule, possess villi on their free surfaces. They are 

nA mea in the young subject become MEE in mae = e with 
j in advanced life. ney are Iree 
aaps dipp  ethagsuioe 4 couse Stee ae an abun- 
Fig. 733.—Transverse section through the dant plexus around each follicle and 

equatorial plane of three of Peyer’sfollicles give off fine branches which permeate 

from the rabbit. the lymphoid tissue in the interior 
of the follicle. The lacteal plexuses 
which are found throughout the small 
intestine are especially abundant 
around these patches ; here they form 
rich plexuses with sinuses around the 
glands (fig. 736). 

Vessels and Nerves.—The jejunum 
and ileum are supplied by the supe- 
rior mesenteric artery, the branches 
of which, having reached the attached 
border of the bowel, run between the 
serous and muscular coats, with fre- 
quent inosculations to the free border, 
where they also anastomose with 
other branches running round the 
opposite surface of the gut. From 
these vessels numerous branches are 
given off, which pierce the muscular 
coat, supplying it and forming an 
intricate plexus in the submucous 
tissue. From this plexus minute 
vessels pass to the glands and villi of 
‘a the mucous membrane. The veins 
have a similar course and arrangement to the arteries. The lymphatics of the 
small- intestines (lacteals) are arranged in two sets, those of the mucous mem- 
brane, and those of the muscular coat. The lymphatics of the villi commence in 
these structures in the manner described above, and form an intricate plexus 
in the mucous and submucous tissue, being joined by the lymphatics from the 





Fre. 734.—Patch of Peyer's glands. Fic. 735.—A portion of a Peyer’ 
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The nerves of the small intestines are derived from the plexuses of sympathetic 
nerves around the superior mesenteric artery. From this source they run to a 


Fie. 736.—Vertical section of one of Peyer’s patches from man, 
injected through its lymphatic canals. 
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ili i S . b. Follicles of Lieberkühn. c, Muscularis mucosæ, d. Cupola or apex of solitary 
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: . f. Base of glands. ; . 
umge e. Moga ame ct glands, J. 6 $. Retiform arrangement of the lymphatics in the mesial zone, 


i true mucous membrane. 
a BP theta: at the base of the glands. &. Confluence of the lymphatics opening into the vessels of the 


submucous tissue, Z. Follicular tissue of the latter. 


Fic. 737.—Meissner’s plexus. (Klein and Noble Smith.) 
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plexus (Meissner’s plexus) is derived, and is formed by branches which have 
perforated the circular muscular fibres (fig. 737). This plexus lies between the 
muscular and mucous coats of the intestine. It is also gangliated, and from it 
the ultimate fibres pass to the muscularis mucos# and to the villi and mucous 
membrane. 


THE LARGE INTESTINE 


The large intestine extends from the termination of the ileum to the anus. It 
is about five feet in length, being one-fifth of the whole extent of the intestinal 
canal. It is largest at its commencement at the cecum, and gradually diminishes 
as far as the rectum, where there is a dilatation of considerable size just above 
the anus. It differs from the small intestine in its greater size, its more fixed 
position, its sacculated form, and in possessing certain appendages to its external 
coat, the appendices epiploice. Further, its longitudinal muscular fibres do not 
form a continuous layer around the gut but are arranged in three longitudinal 

bands or tenie. The large intestine, in 
Fic. 738.—The cecum and colon laid its course, describes an arch, which sur- 
open to show the ileo-cæcal valve, rounds the convolutions of the small 
= intestine. It commences in the right 
iliac region, in a dilated part, the 
cecum. It ascends through the right 
lumbar and hypochondriac regions to 
the under surface of the liver; it here 
takes a bend (the hepatic flexure) to the 
left, and passes transversely across the 
abdomen on the confines of the epigastric 
and umbilical regions, to the left hypo- 
chondriac region; it then bends again 
(the splenic flexure), and descends through 
the left lumbar region to the left iliac 
fossa, where it becomes convoluted, and 
forms the sigmoid flexure; finally it 
enters the pelvis, and descends along its 
posterior wall to the anus. The large in- 
testine is divided into the ceecum, colon, 
and rectum. 

The cæcum (cæcus, blind) is the large 
blind pouch, or cul-de-sac, situated below 
the ileo-cæcal valve, in which the large 
intestine commences (fig. 738). Its blind 
end is directed downwards, and its open 
end upwards, communicating directly 
with the colon, of which this blind pouch 
appears to be the beginning or head, and hence the old name of caput cecum 
colt was applied to it. Its size is variously estimated by different authors, but 
on an average it may be said to be two and a half inches in length and three in 
breadth, It is situated in the right iliac fossa, above the outer half of Poupart’s 
ligament: it rests on the Ilio-psoas muscle and lies immediately behind the 
abdominal wall. As a rule, it is entirely enveloped by peritoneum, but in a 
certain number of cases (5 per cent., Berry) the peritoneal covering is not 
complete, so that the upper part of the posterior surface is uncovered and 
connected to the iliac fascia by connective tissue. The cecum lies quite free 
in the abdominal cavity and enjoys a considerable amount of movement, 
80 that it often becomes herniated down the right inguinal canal, and has 
occasionally been found in an inguinal hernia on the left side. The cecum 
varies in shape, but, according to Treves, in man it may be classified under one 
of four types. In early foetal life it is short, conical, and broad at the base, 
With its apex turned upwards and inwards towards the ileo-cæcal junction. 
It then resembles the cacum of some of the monkey tribe, e.g. Mangabey 
poer, As the fœtus grows the cæcum increases in length mors than in 
a m ' go ute it forms a longer tube than in the primitive form and without 

e broad base, but with the same inclination inwards of the apex towards 
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the ileo-ceecal i i : 
junction. Th j 

the spider monkey. As oa fomm piping. indai oN Mieke 
to grow and the upper = ppmens alee the lower part of the tube eae 
is a narrow tube, the Seer a fra a ee there 
the cecum. This is the infantile ae hanging from a conical projection 
in about 2 per cent. of cases, it is aa ed as it may persist throughout life, 
types of human ceca. The ome Peo ed by Treves as the first of his four 
apex. The three longitudinal pana a Wa and the appendix rises from its 
E ep acae fi start from the appendix and are equidistant 
the srowin ! ype, the conical cæcum has bec ng 

st g out of a saccule on either sid i aise a 
These m a —, 4 ae of the anterior longitudinal band. 
instead of from the apex of a cone This appendix arises from between them 
cases. The third type is the n es is type is found in about 3 per cent. of 
which in the second type were a Di eien oS Goia 
with greater rapidity than the lef - n have grown at unequal rates : the right 
apex has been formed by the gro i es of this an apparently new 
original apex, with the a me | Bi ownwards of the right saccule, and the 
ilec-cmecal innetion: The three | 2 iaag? is pushed over to the left towards the 
the appendix, but they are now ate p FA stip stazt-fnag dho: dampdgi 
the right saccule has grown betwoon ge nan istant from each other, because 
pushing them over to the left. This t P GOLAR Ceiro aiani Pan 
The fourth type is merely an exag re o in about go per cent. of cases. 
nA still larger, and at the same ae the left noe N ~ the mapi sgecule 
ei R a i cule has become atrophied, so 
anci n, = J aani OF tae enon, Yaja ad appendix, is close to the T 
weg, is present in about 4 per cent. of cases Alar $9 SP gost 

e vermiform appendix is é 

from what wae Beco i Ee ois aaa cae tube, which starts 
dong : upwards behind the cæcum ; to the left bohind the-team eam as 
or downwards and inwards into the t j l -j paea E 
inches in length, its average being cus woes bem, "Tt aa ee hp to nine 
by a ge DA. oe n the meso-appendix derived from the left leaf of + 
mesentery. is fold, in the majority of 
shape, and as a rule extends along tie latite langa ip tlt a si 
layers lies a considerable branch of the ileo-colic artery, the a di ais —— 
The canal of the appendix is small, extends throu ie the ante = th e. 
tube, and communicates with the cæcum by an ori ico which is lacedih ] pa 
behind the ileo-cæcal opening. It is sometimes guarded Wo to Ge ie 
by a semilunar valve formed by a fold of mucous membnane, re oe ig z 
ire onan Its n are the same as those of the intestine : ee 

cular, submucous, and mucous. l 

Structure. —The serous coat forms a complete investment f 
along the narrow line of attachment of its ——— y in its Sod E o A 
The longitudinal. muscular fibres entirely surround the tube as one continuous 
layer, and do not form three bands as in the greater part of the large intestine 
The submucous tissue contains an abundant supply of adenoid tissue, especially 
in young subjects. The mucous membrane is lined by columnar epithelium and 
resembles that of the rest of the large intestine, but the simple follicles are few 


in number. 
It is stated that the vermiform appendix tends to undergo obliteration as an 


involution change of a functionless organ. 

The ileo-ceecal valve (valvula Bauhini).—The lower end of the ileum 
terminates by opening into the inner and back part of the large intestine, at the 
point of junction of the cæcum with the colon. The opening is guarded by a 
valve, consisting of two segments, an upper or colic and lower or cecal, which 
project into the lumen of the large intestine. If the intestine has been inflated 
and dried, the segments are of a semilunar shape. The upper one, nearly 
ttached by its convex border to the line of junction 


horizontal in direction, is & 
of the ileum with the colon ; the lower segment, which is longer and more 


concave, is attached to the line of junction of the ileum with the cacum. At 
each end of the aperture the two segments of the valve coalesce, and are con- 
tinued aS ® narrow membranous ridge around the canal for a short distance, 
forming the frena or retinacula of the valve. The left or anterior end of the 
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aperture is rounded ; the right or posterior is narrow and pointed. In the fresh 
condition, or in specimens which have been hardened in situ, the segments 
project as thick cushion-like folds into the lumen of the large gut, while the 
opening between them may present the appearance of a slit or may be somewhat 
oval in shape. 

Each segment of the valve is formed by a reduplication of the mucous 
membrane and of the circular muscular fibres of the intestine, the longitudinal 
fibres and peritoneum being continued uninterruptedly across from one portion 
of the intestine to the other. When these are divided or removed, the ileum may 
be drawn outwards, and all traces of the valve will be lost, the ileum appearing 
to open into the large intestine by a funnel-shaped orifice of large size. _ 

The surface of each segment of the valve directed towards the ileum is covered 
with villi, and presents the characteristic structure of the mucous membrane of 
the small intestine; while that turned towards the large intestine is destitute of 
villi, and marked with the orifices of the numerous i glands peculiar to 
the mucous membrane of the large intestine. These differences in structure 
continue as far as the free margin of the valve. 

When the cecum is distended, the margins of the opening are approximated 
so as to promeni any reflux into the ileum. This is believed to be due to tension 
or stretching of the retinacula of the valve. 

The colon is divided into four parts: the ascending, transverse, descending, 
and the sigmoid flexure. 

The ascending colon is smaller than the cecum, with which it is continuous. 
It passes upwards, from its commencement at the cecum, opposite the ileo-cæcal 
valve, to the under surface of the right lobe of the liver, on the right of the gall- 
bladder, where it is lodged in a shallow depression, the impressio colica; here 
it bends abruptly forwards and to the left, forming the hepatic flexure. It is 
retained in contact with the posterior wall of the abdomen by the peritoneum, 
which covers its anterior surface and sides, its posterior surface being connected 
by loose areolar tissue with the Quadratus lumborum muscle, and with the front 
of the lower and outer part of the right kidney (fig. 739). Sometimes the 
peritoneum completely invests it, and forms a distinct but narrow mesocolon.* 
it is in relation, in front, with the convolutions of the ileum and the abdominal 
parietes. 

The transverse colon, the longest part of the large intestine, passes trans- 
versely from the right hypochondriac region across the abdomen, opposite the 
confines of the epigastric and umbilical zones, into the left hypochondriac region, 
where it curves downwards beneath the lower end of the spleen, forming the 
splenic flexure. In its course it describes an arch, the concavity of which is directed 
backwards towards the vertebral column and a little upwards; hence the name 
transverse arch of the colon. This is the most movable part of the colon, being 
almost completely invested by peritoneum, and connected to the spine behind by 
a large and wide duplicature of that membrane, the transverse mesocolon. It 
is in relation, by its upper surface, with the liver and gall-bladder, the great 
curvature of the stomach, and the lower end of the spleen; by its under surface, 
with the small intestines ; by its anterior surface, with the anterior layers of the 
great omentum and the abdominal parietes; its posterior surface is in relation 
from right to left with the second portion of the duodenum, the head of the 
pancreas, and some of the convolutions of the jejunum and ileum. 

The splenic flexure is situated at the junction of the transverse and 
descending parts of the colon, and is in relation with the lower end of the spleen 
and the tail of the pancreas. It lies at a higher level than, and on a plane 
posterior to, the hepatic flexure, and is attached to the Diaphragm, opposite the 
tenth and eleventh ribs, by a peritoneal fold which is named the phreno-colic or 


* Treves states that, after a careful examination of one hundred subjects, he found 
that in fifty-two there was neither an ascending nor a descending mesocolon. In twenty- 
two there was a descending mesocolon, but no trace of a corresponding fold on the other 
side. In fourteen subjects there was a mesocolon to both the ascending and the 
descending segments of the bowel; while in the remaining twelve there was an ascending 
mesocolon, but no corresponding fold on the left side. It follows, therefore, that in 
performing lumbar colotomy a mesocolon may be expected upon the left side in 36 per 


cent. of all cases, and on the right in 26 per cent.— The Anatomy of the Intestinal Canal 
and Peritoneum in Man, 1885, p. 55. j siete 
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costo-colic ligament, and which assists in supporting the lower end of the spleen 
(see page 1063). 

The descending colon passes downwards through the left hypochondriae and 
lumbar regions along the outer border of the left kidney. At the lower end of 


Fic. 739.—Diagram of the relations of the large intestine and kidney, from behind. 
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surface and sides, its posterior surface being connected by areolar tissue with the 
outer border of the left kidney, and with the Quadratus lumborum muscle 
(fig. 739). It is smaller in calibre and more deeply placed than the ascending 
colon, and is more frequently covered with peritoneum on its posterior surface 
than the ascending colon (Treves). 

The sigmoid flexure is the narrowest part of the colon: it is situated in the 
left iliac fossa, commencing from the termination of the descending colon, at the 
margin of the crest of the ilium, and ending in the rectum opposite the left 
sacro-iliac articulation. It curves in the first place forwards, downwards, and 
inwards for about two inches and then forms a loop, which varies in length 
and position and which terminates in the rectum, 

Treves and subsequently Jonnesco have pointed out that this description 
of the sigmoid flexure is inaccurate and that the loop described above does 
not exist. They include together the sigmoid flexure and the first part of the 
rectum, which they say form a single loop, which cannot be divided into parts. 
This loop, which is of the shape of the Greek letter (omega), commences at 
the margin of the crest of the ilium and terminates opposite the third piece of 
the sacrum in the middle line. Artificially, it may be divided for purposes of 
description into two parts : (1) iliac colon, and (2) pelvic colon. 

The iliac colon commences at the crest of the ilium and terminates at the 
brim of the true pelvis. It curves forwards, downwards, and inwards, lying in 
front of the Iliacus and Psoas muscles, and is covered by peritoneum on its 
sides and anterior surface only. 

The pelvic colon corresponds to the portion of the sigmoid flexure which 
forms the loop mentioned above, together with the first part of the rectum. It 
is in relation behind with the external iliac vessels, the left Pyriformis muscle, 
and left sacral plexus of nerves, which separate it from the anterior surface of 
the sacrum. In front, it is separated from the bladder in the male, and the 
uterus in the female, by convolutions of small intestine. It is completely 
surrounded by peritoneum, which forms a mesentery for it (pelvic mesocolon) and 
comprises the sigmoid mesocolon and the mesorectum of the older description. 
In its left layer is the intersigmoid fossa (see page 1065). 

The rectum is the terminal part of the large intestine, and terminates at the 
anal orifice. As stated above, its superior limit cannot be determined precisely ; 
but the brim of the true pelvis, opposite the left sacro-iliac joint, is arbitrarily 
given as its point of commencement. From this point it passes downwards, 
backwards, and to the right to the level of the third sacral vertebra, where it lies 
in the middle line. This is the frst part of the rectum. The second part curves 
forwards and is continued downwards as far as the apex of the prostate gland, 
about an inch in front of, and a little below, the tip of the coceyx. From this 
point the bowel is directed downwards and backwards and terminates at the 
anal orifice. This is the third portion of the rectum, or, as described by 
Symington, the anal canal.’ Tt will be seen, therefore, that the rectum presents 
two antero-posterior curves: the upper one, with its convexity backwards, is 
due to the conformation of the sacro-coccygeal column. The lower one has its 
convexity forwards, and is angular. Two lateral curves are also described: one 
to the right, opposite the junction of the third and fourth sacral vertebræ ; and 
the other to the left, opposite the sacro-coccygeal articulation ; they are of little 
importance. 

The length of the rectum is about eight inches. The first part measures 
four inches, the second three, and the third from one to one and a half, being 
rather longer in the male than in the female. The calibre of the first part of 
the rectum is similar to that of the colon, while near the termination of the 
second part the tube is dilated to form what is known as the rectal ampulla. 
When the tube is empty its anterior and posterior walls are in apposition with 
each other, forming a transverse slit. The third part of the rectum, or anal 
canal, is also a slit, with, however, an antero-posterior direction, so that its 
lateral walls are in apposition (fig. 740). 

The first portion of the rectum is surrounded by peritoneum, and is connected 
to the anterior surface of the sacrum by a double fold, called the mesorectum 
which is continuous above with the sigmoid mesocolon. The mesorectum is 
triangular in shape, its apex ending below at the third sacral vertebra; between 
its two layers are the superior hemorrhoidal vessels. The second portion 
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has no mesorectum, but is covered in front and laterally by periton 

its upper part; gradually the peritoneum leaves its ea E ees ar 
above the prostate is reflected from the anterior surface of the bowel on to 
the posterior wall of the bladder in the male, and the upper fifth of the 
posterior | wall of the vagina in the female, forming the recto-vesical and 
recto-vaginal pouches respectively. The third portion of the rectum has no 
peritoneal covering. 

The level at which the peritoneum leaves the anterior wall of the rectum 
to be reflected on to the viscus in front of it is of considerable importance from 
a surgical point of view, in connection with removal of the lower part of the 
rectum. Itis higher in the male than in the female. In the former the height 
of the recto-vesical pouch is about three inches: that is to say, the height to 
which an ordinary index finger can reach from the anus. In the female the 
height of the recto-vaginal pouch is about two and a quarter inches from the 
anal orifice. 

The first portion of the rectum is in relation, behind, with the mesorectum 
and the superior hemorrhoidal vessels, the left Pyriformis muscle, and left 
sacral plexus of nerves, which separate it from the anterior surface of the upper 


Fic. 740.—Coronal section through the anal canal. (Symington.) 
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ligament; and in the female it is separated from the lower end of the vagina by 
a mass of muscular and fibrous tissue, named the perineal body. Laterally is the 
fat which occupies the ischio-rectal fosse. 

Structure.—The large intestine has four coats: serous, muscular, areolar, and 
mucous. 

The serous coat is derived from the peritoneum, and invests the different 
portions of the large intestine to a variable extent. The cecum is completely 
covered by the serous membrane, except in about 5 pee cent. of cases, where the 
upper part of the posterior surface is uncovered. The aseending and descending 
colons are usually covered only in front and at the sides; a variable amount of 
the posterior surface is uncovered.* The transverse colon is almost completely 
invested, the parts corresponding to the attachment of the great omentum and 
transverse mesocolon being alone excepted. The sigmoid flexure is partially 
surrounded above, and entirely surrounded below. The upper part of the rectum 
is completely invested by the peritoneum, except along the attachment of the 
mesorectum ; the middle portion is covered above on its anterior surface and 
sides; below, on its anterior aspect only; and the lower portion is entirely 
devoid of any serous covering. In the course of the colon and upper part of the 
rectum, the peritoneal coat is thrown into a number of small pouches filled with 
fat, called appendices epiploice. They are chiefly appended to the transverse colon. 

The muscular coat consists of an external longitudinal and an internal circular 
layer of non-striped muscular fibres. 

The longitudinal fibres do not form a ‘continuous layer over the whole surface 
of the large intestine. In the cecum and colon they are especially collected into 
three flat longitudinal bands or tæniæ, each of about half an inch in width. The 
vermiform appendix is surrounded by a uniform layer of longitudinal muscular 
fibres, and these bands commence at the attachment of the appendix to the 
cæcum : one, the posterior, is placed along the attached border of the intestine ; 
the anterior, the largest, corresponds along the arch of the colon to the 
attachment of the great omentum, but is in front in the ascending and descend- 
ing parts of the colon and in the sigmoid flexure; the third, or lateral band, is 
found on the inner side of the ascending and descending parts of the colon, and 
on the under aspect of the transverse colon. These bands are shorter than 
the other coats of the intestine, and serve to produce the sacculi which are 
characteristic of the cæcum and colon; accordingly, when they are dissected off, 
the tube can be lengthened, and its sacculated character becomes lost. In the 
sigmoid flexure the longitudinal fibres become more scattered; but upon its 
lower part, and round the rectum, they spread out and form a layer, which 
completely encircles this portion of the gut, but is thicker on the anterior and 
posterior surfaces, where it forms two bands, than on the lateral surfaces. In 
addition, two bands of plain muscular tissue arise from the second and third 
coceygeal vertebræ, and pass downwards and forwards to blend with the 
longitudinal muscular fibres on the posterior wall of the anal canal. These are 
known as the recto-coccygeal muscles. 

The circular fibres form a thin layer over the cecum and colon, being 
especially accumulated in the intervals between the sacculi; in the rectum they 
form a thick layer, especially at its lower end, where they become numerous, and 
constitute the Internal sphincter. 

The areolar coat connects the muscular and mucous layers closely together. 

The mucous membrane, in the cecum and colon, is pale, smooth, destitute of 
villi, and raised into numerous crescentic folds which correspond to the intervals 
between the sacculi. In the rectum it is thicker, of a darker colour, more 
vascular, and connected loosely to the muscular coat, as in the csophagus. 
When the lower part of the rectum is contracted, its mucous membrane is 
thrown into a number of folds, some of which, near the anus, are longitudinal 
in direction, and are effaced by the distension of the gut. Besides these there 
are certain permanent folds, of a semilunar shape, known as Houston’s valves.t 
They are usually three in number ; sometimes a fourth is found, and occasionally 
only two are present. One is situated near the commencement of the rectum, 
on the right side; another extends inwards from the left side of the tube, 
opposite the middle of the sacrum ; the largest and most constant one projects 


* See footnote, page 1084. t Dublin Hosp. Reports, vol. v. p. 163. 
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backwards from the fore part of the rectum, opposite the base o 

When a fourth is present, it is situated nearly ne above the ede a 
of the rectum. These folds are about half an inch in width, and contain some 
of the circular fibres of the gut. In the empty state of the intestine they overlap 
each other, as Houston remarks, so effectually as to require considerable 
mancuvring to conduct a bougie or the finger along the canal of the intestine 
Their use seems to be, ‘ to support the weight of fecal matter, and prevent its 
urging towards the anus, where its presence always excites a sensation demanding 
its discharge.’ 

The lumen of the anal canal presents, in its upper half, a number of vertical 
folds, produced by an infolding of the mucous membrane and some of the 
muscular tissue. They are known as the columns of Morgagni, and are 
separated from one another by furrows, which terminate below in small valve- 
like folds, which join together the lower ends of the columns of Morgagni and 
are situated at the point where the proctodeum and rectum meet. They are 
termed anal valves, and, according to Ball, fissure of the anus is due to one of 
them being caught by a scybalous mass and torn from its upper connections. 

As in the small intestine, the mucous membrane consists of a muscular layer, 
the muscularis mucosæ ; of a quantity of retiform tissue in which the vessels 
ramify; of a basement-membrane and epithelium, which is of the columnar 


Fig. 741.—Minute structure of large intestine. 
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they anastomose with the other hæmorrhoidal arteries and form a series of loops 
around the anus. The veins of the rectum commence iu a plexus of vessels 
which surrounds the lower extremity of the intestinal canal. In the vessels 
forming this plexus are small saccular dilatations just within the margin of the 
anus; from the plexus about six vessels of considerable size are given off. These 
ascend between the muscular and mucous coats for about five inches, running 
parallel to each other ; they then pierce the muscular coat, and, by their union, 
form a single trunk, the superior hemorrhoidal vein. This arrangement is 
termed the hemorrhoidal plexus ; it communicates with the tributaries of the 
middle and inferior hemorrhoidal veins at its commencement, and thus m 
communication is established between the systemic and portal circulations. 
The nerves are derived from the plexuses of the sympathetic nerve around 
the branches of the superior and: inferior mesenteric arteries which supply 
the large intestine. They are distributed in a similar way to those in the 
small intestine. The lymphatic vessels of the large intestine are found in the 
submucosa, where they form a wide-meshed network, and also, more deeply 
seated, beneath the simple follicles. Those from the colon open into the 
mesenteric glands ; those from the sigmoid flexure into the lumbar glands; those 
from the rectum enter the glands which are situated in the hollow ofthe sacrum ; 
and those around the anus open into the glands in the groin. 


Surface Form.—The coils of the small intestine occupy the front of the abdomen, 
below the transverse colon, and are covered more or less completely by the great omentum, 
For the most part the coils of the jejunum occupy the left side of the abdominal cavity, 
i.e. the left lumbar and iliac regions and the left half of the umbilical region; while the 
coils of the ileum are situated to the right, in the right lumbar and iliac regions, in the right 
half of the umbilical region, and also in the hypogastric region. The cecum is situated 
in the right iliac region. Its position varies slightly, but the mid-point of a line drawn 
from the anterior superior spinous process of the ilium to the symphysis pubis will about 
mark the middle of its lower border. It is comparatively superficial. From it the 
ascending colon passes upwards through the right lumbar and hypochondriac regions, and 
becomes more deeply situated as it ascends to the hepatic flexure, which is deeply placed, 
under cover of the liver. The transverse colon crosses the belly transversely on the 
confines of the umbilical and epigastric regions ; its lower border being on a level slightly 
above the umbilicus, its upper border just below the greater curvature of the stomach. 
The splenic flexure of the colon is situated behind the stomach in the left hypochondrium, 
and is on a higher level than the hepatic flexure. The descending colon is deeply seated, 
passing down through the left hypochondriac and lumbar regions to the sigmoid flexure, 
which is situated in the left iliac region and can be felt in thin persons, with relaxed 
abdominal walls, rolling under the fingers when empty, and when distended forming a 
distinct tumour. The position of the base of the vermiform appendix is indicated by a 
point an inch and a half from the anterior superior spinous process of the ilium, in a line 
drawn from this process to the umbilicus. This is known as McBurney’s spot. Another 
mode of defining the position of the base of the appendix is to draw a line between the 
anterior superior spines of the ilia, marking the point where this line intersects the right 
semilunar line. 

Upon introducing the finger into the rectum, the membranous portion of the urethra 
can be felt exactly in the middle line if an instrument has been introduced into the 
bladder; above this the prostate gland can be recognised by its shape and hardness and 
any enlargement detected; behind the prostate the fluctuating wall of the bladder when 
full can be felt, and if thought desirable it can be tapped in. this situation; on either side 
and behind the prostate the vesicule seminales can be readily felt, especially if enlarged 
by tuberculous disease. Behind, the coccyx is to be felt; and on the mucous membrane 
one or two of Houston’s folds. The ischio-rectal fosse can be explored on either side, 
with a view to ascertaining the presence of deep-seated collections of pus. . Finally, it will 
be noted that the finger is firmly gripped by the sphincter for about an inch up the 
bowel. By gradual dilatation of the sphincter, the whole hand can be introduced into 
the rectum so as to reach the descending colon. This method of exploration is rarely, 
however, required for diagnostic purposes. 

Surgical Anatomy.—The small intestines are much exposed to injury, but, in con- 
sequence of their elasticity and the ease with which one fold glides over another, they 
are not so frequently ruptured as would otherwise be the case. Any part of the small 
intestine may be ruptured, but probably the most common situation is the transverse 
duodenum, on account of its being more fixed than other portions of the bowel, and 
because it is situated in front of the bodies of the vertebre, so that if this portion of the 
intestine is. struck by a sharp blow, as from the kick of a horse, it is unable to glide out of 
the way, but is compressed against the bone and so lacerated. Wounds of the intestine 
sometimes occur. If the wound is a small puncture, under, it is said, three lines in length, 
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in catarrhal conditions. The inflammation may result in ulceration and perforation, or if 
the torsion is very acute in gangrene of the appendix. These conditions may require 
operative interference, and in cases of recurrent attacks of appendicitis it is generally 
advisable to remove this diverticulum of the bowel. In doing this, care must be taken 
not to divide the fibres of the abdominal muscles more than is absolutely necessary, in 
order to prevent subsequent weakening of the abdominal parietes and the occurrence 
of a ventral hernia. The procedure recommended by Battle appears to fulfil this require- 
men’ pe divides the superficial structures an inch internal to the right semilunar 
ine, and opens the sheath of the Rectus. He then separates the Rectus from the posterior 
layer of the sheath with his finger, and retracts it inwards and divides the posterior layer 
of the sheath and peritoneum in the same line as the external incision. After the 
appendix 16 removed, he sutures the posterior layer of the sheath and peritoneum with 
one row of sutures; then allows the Rectus to return to its natural position, and sutures 


the anterior layer of the sheath and the superficial structures with separate rows of 
sutures. McBurney’s incision is also deserving of notice, but possesses the disadvantage 
that it does not afford much room. He separates the abdominal muscles in the direction 
of their muscular and tendinous fibres, instead of cutting across them. He makes his 
incision in the direction of the fibres of the External oblique muscle, and when the muscle 
and aponeurosis are exposed he separates the fibres in the long axis of the wound. 
Widely retracting its edges, he now traverses the Internal oblique and Transversalis in 
the direction of their fibres, and finally divides the transversalis fascia and peritoneum. 


In external hernia the ileum is the portion of bowel most frequently herniated. 
i it is usually the cecum, and this may 


When a part of the large intestine is involved 
occur even on the left side. In some few cases the vermiform appendix has been the 
part implicated in cases of strangulated hernia, and has given rise to serious symptoms of 


obstruction. 
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Chronic ulcer of the duodenum is sometimes met with, probably produced by the 
same causes as chronic ulcer of the stomach. It may perforate and set up a rapidly fatal 
peritonitis, or it may open into one of the large duodenal vessels and cause death from 
hemorrhage. An acute ulcer sometimes, but rarely, follows extensive burns of the skin. 

The diameter of the large intestine gradually diminishes from the cecum, which has 
the greatest diameter of any part of the bowel, to the point of junction of the sigmoid 
flexure with the rectum, at, or a little below, which point stricture most commonly 
occurs, and diminishes in frequency as one proceeds upwards to the cecum. When 
distended by some obstruction low down, the outline of the large intestine can be defined 
throughout nearly the whole of its course—all, in fact, except the hepatic and splenic 
flexures, which are more deeply placed; the distension is most obvious in the two 
flanks and on the front of the abdomen just above the umbilicus. The cecum, however, 
is the portion of the bowel which becomes most distended. It may assume enormous 
dimensions, and has been known to give way from the distension, causing fatal peritonitis. 
The hepatic flexure and the right extremity of the transverse colon are in close relation- 
ship with the liver, and abscess of this viscus sometimes bursts into the gut in this 
situation. The gall-bladder may become adherent to the colon, and gall-stones may find 
their way through into the gut, where they may become impacted or may be discharged 
per anum. The mobility of the sigmoid flexure renders it more liable to become the seat 
of a volvulus or twist than any other part of the intestine. It generally occurs in 
patients who have been the subjects of habitual constipation, and in whom therefore the 
mesocolon is elongated. The gut at this part being loaded with fæces, from its weight 
falls over the gut below, and so gives rise to the twist. 

There are several points of practical interest in connection with the mesentery which 
merit notice. 1. The depth of the mesentery—that is to say, the distance from its parietal 
to its intestinal attachment—is never more than eight inches, generally nearer six or 
seven; but under certain abnormal conditions it may become elongated, and this would 
appear to favour the occurrence of hernia of the intestine. 2. Not only may the depth 
of the mesentery be increased, but its point of attachment to the posterior abdominal 
wall may yield, and descend over the lumbar spine. This condition, which is known 
under the name of enteroptosis, usually occurs in women who have borne many 
children, and is attended with general relaxation of the abdominal parietes. It produces 
a characteristic appearance, the abdomen being prominent and pendulous below, while 
above it is fattened and constricted. 3. Holes are sometimes present in the mesentery, 
and these may be congenital, or may be the result of injury. They are of practical 
importance, since a knuckle of intestine may become herniated into one of them, 
causing acute strangulation. 4. The lymphatic glands contained between the two layers 
of the mesentery are frequently the seat of tuberculous deposit, especially in children, 
constituting the disease known as tabes mesenterica, 

The surgical anatomy of the rectum is of considerable importance. There may be 
congenital malformations due to arrest of, or imperfection in, development. Thus, there 
may be no inflection of the ectoderm (see page 141), and consequently. complete absence 
of the anus; or the hind-gut may be imperfectly developed, and there may be an absence 
of the rectum, though the anus is developed; or the inflection of the ectoderm may not 
communicate with the termination of the hind-gut from want of solution of continuity in 
the septum which in carly foetal life exists between the two. The mucous membrane is 
thick and but loosely connected to the muscular coat beneath, and thus favours prolapse, 
especially in children. The vessels of the rectum are arranged, as mentioned above, 
longitudinally, and are contained in the loose cellular tissue between the mucous and 
muscular coats, and receive no support from surrounding tissues, and this favours 
varicosity. Moreover, the veins, after running upwards in a longitudinal direction for 
about five inches in the submucous tissue, pierce the muscular coats, and are liable to 
become constricted at this spot by the contraction of the muscular wall of the gut. In 
addition to this there are no valves in the superior hemorrhoidal veins, and the vessels of 
the rectum are placed in a dependent position, and are liable to be pressed upon and 
obstructed by hardened feces. The anatomical arrangement, therefore, of the hemor- 
rhoidal vessels explains the great tendency to the occurrence of piles. The presence of the 
Sphincter ani is of surgical importance, since it is the constant contraction of this muscle 
which prevents an ischio-rectal abscess from healing, and causes it to become a fistula. 
Also the reflex contraction of this muscle is the cause of the severe pain complained of in 
fissure of the anus. The relations of the peritoneum to the bowel are of importance in 
connection with the operation of removal of the lower end of the rectum for malignant 
disease. This membrane gradually leaves the rectum as it descends into the pelvis; first 
leaving its posterior surface, then the sides, and then the anterior surface, to become 
reflected, in the male on to the posterior wall of the bladder, forming the recto-vesical 
pouch, and in the female on to the posterior wall of the vagina, forming Douglas's pouch. 
The recto-vesical pouch of peritoneum extends to within three inches from the anus, so 
that it is not desirable to remove more than two and a half inches of the entire eircum- 
ference of the bowel for fear of the risk of opening the peritoneum. When, however, the 
disease is confined to the posterior surface of the rectum, or extends farther in this 
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THE LIVER 


The Liver is the largest gland in the body, and is situated in the upper 
and right parts of the abdominal cavity, occupying almost the whole of the 
right hypochondrium, the greater part of the epigastrium, and not uncommonly 
extending into the left hypochondrium as far as the mammary line. In the male 
it weighs from fifty to sixty ounces, in the female from forty to fifty. It is 
relatively much larger in the fœtus than ìn the adult, constituting, in the former, 
about one-eighteenth, and in the latter, about one thirty-sixth of the entire body 
weight. Its greatest transverse measurement is from eight to nine inches. 
Vertically, near its lateral or right surface, it measures about six or seven inches, 
while its greatest antero-posterior diameter is on a level with the upper end of 
the right kidney and is from four to five inches. Opposite the vertebral column 
its measurement from before backwards is reduced to about three inches. Its 
consistence is that of a soft solid ; it is, however, friable and easily lacerated ; its 
colour is a dark reddish-brown, and its specific gravity is 1°05. 

To obtain a correct idea of its shape it must be hardened in situ, and it will 
then be seen to present the appearance of a wedge, the base of which is directed 


Fie. 742.—The liver. Upper surface. (Slightly modified from His’s model.) 
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to the right and the thin edge towards the left. Symington describes its shape 
as that ‘of a right-angled triangular prism with the right angles rounded off.’ It 
possesses five surfaces, viz. : superior, inferior, anterior, posterior, and lateral. 

The superior and anterior surfaces are separated from each other by a thick 

rounded border, and are attached to the Diaphragm and anterior abdominal wall 
by a triangular or falciform fold of peritoneum, the suspensory or falctform 
ligament, which divides the liver into two unequal parts, termed the right and 
left lobes. Except along the line of attachment of this ligament to the liver, 
these two surfaces are covered by peritoneum. 
_ The superior surface (fig. 742) comprises a part of both lobes, and, as a whole, 
is convex, and fits under the vault of the Diaphragm ; its central part, however, 
presents a shallow re em which corresponds with the position of the heart on 
the upper surface of the Diaphragm. It is separated from the anterior, posterior, 
and lateral surfaces by thick, rounded borders. Its left extremity is separated 
from the under surface by a prominent sharp margin. 

The anterior surface is large, triangular in shape, and comprises also a part 
of both lobes. It is directed forwards, and the greater part of it is in contact 
with the Diaphragm, which separates it from the right lower ribs and their 
cartilages. In the middle line it lies behind the ensiform cartilage, to the left of 
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which it is protected by the seventh and ei i 

d by the l ghth left costal cartil 
angle between the diverging rib cartilages of opposite sides the a 
n a Y? the ies) wall, It is separated from the inferior surface by 

n, 
es ws gin, and from the superior and lateral surfaces by thick rounded 
The lateral or right surface is convex from befor 
18 C e backward 

so from above downwards. It is directed towards the right sam ‘ata 
base of the wedge, and lies against the lateral portion of the Diaphragm which 
separates it from the lower part of the left pleura and lung, outside ‘which are 
the re" psia! arches pr r seventh to the eleventh inclusive. 

e under or visceral surface (figs. 743, 744) 18 uneven, co 
downwards, backwards and to the left, and is in Fe with ah lie 
duodenum, the hepatic flexure of the colon, and the right kidney and suprarenal 
capsule. The surface is divided by a longitudinal fissure into a right and left 
lobe, and is almost completely invested by peritoneum ; the only parts where this 
covering is absent are where the gall-bladder is attached to the liver and at the 
transverse fissure, where the two layers of the lesser omentum are separated 


Fie. 743.—The liver. Posterior and inferior surfaces. (Drawn from His’s model.) 
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of the left lobe presents behind and to the left a depr 
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rounded eminence, the tuber omentale, which fits into the concavity of the lesser 
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surface of the right lobe is divided into two unequal r 
lodges the gall-bladder, the fossa vesicalis ; the portion to the left, the smaller of 
the two, is somewhat oblong in shape, its antero-posterior diameter being greater 


than its transverse. Itis known as the quadrate lobe, and is in relation with the 
of the duodenum. The portion 


pyloric end of the stomach and the first portion na i 
of the under surface of the right lobe to the right of the fossa vesicalis ae s 
two shallow concave impressions, one situated behind the other, the two wing 
separated by a ridge. The anterior of these two irapressions, “ impressio 
colica, is produced by the hepatic flexure of the colon ; the posterior, the ty i 
renalis, is occupied by the upper part of the right kidney and lower par j 
right suprarenal capsule. To the inner side of the renal i oe ‘on 
and slightly marked impression, lying between it and the nec $ 3 & em 
bladder. This is caused by the second portion of the duodenum, and 18 
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as the impressio duodenalis, Just in front of the vena cava is » narrow strip 
of liver tissue, the caudate lobe, which connects the right inferior angle of 
the Spigelian lobe to the under surface of the right lobe. It forms the upper 
boundary of the foramen of Winslow. l 

The posterior surface (fig. 743) is rounded and broad behind the right lobe, 
but narrow on the left. Over a large part of its extent it is not covered by 
peritoneum ; this uncovered portion is about three inches broad, and is in direct 
contact with the Diaphragm. It is marked off from the upper surface by the 
line of reflection of the upper or anterior layer of the coronary ligament. It is 
in the same way marked off from the under surface of the liver by the line of 
reflection of the lower layer of the coronary ligament. In its centre this 
posterior surface is bent on itself around the vertebral column and crura of the 
Diaphragm, the two portions of the surface, having different directions, forming 
an angle in this situation. To the right of this the inferior vena cava 1s lodged 
in an indentation in the liver substance, lying between the uncovered area and 
the Spigelian lobe. Close to the right of this indentation and immediately 
above the renal impression is a small triangular depressed area (wmpressw supra- 
renalis), the greater part of which is devoid of peritoneum ; it lodges the nght 
suprarenal capsule. To the left of the inferior vena cava is the Spigelian lobe, 
which lies between the fissure for the vena cava and the fissure for the ductus 
venosus. It projects below and in front, and forms part of the posterior 
boundary of the transverse fissure. Here, to the right, it is connected with the 
under surface of the right lobe of the liver by the caudate lobe, and to the left 
it presents a tubercle, the tuber papillare. It is opposite the tenth and eleventh 
dorsal vertebre, and its posterior surface rests upon the Diaphragm, being 
separated from it merely by the upper part of the lesser sac of the peritoneum. 
Its left surface is free, and is separated from the left lobe by the fissure for the 
ductus venosus. This lobe is nearly vertical in position, is longer from above 
downwards than from side to side, and is somewhat concave in the transverse 
direction. On the posterior surface to the left of the Spigelian lobe is a groove 
indicating the position of the casophageal orifice of the stomach. 

The inferior border is thin and sharp, and marked opposite the attachment 
of the falciform ligament by a deep notch, the umbilical notch, and opposite the 
cartilage of the ninth rib by a second notch for the fundus of the gall-bladder. 
In adult males this border generally corresponds with the lower margin of the 
thorax in the right nipple line; but in women and children it usually projects 
below the ribs. 

The left extremity of the liver is thin and flattened from above downwards. 

Fissures (fig. 743).—Five fissures are seen upon the under and posterior 
surfaces of the liver, which serve to divide it into five lobes. They are, the 
umbilical fissure, the fissure of the ductus venosus, the transverse fissure, the 
fissure for the gall-bladder, and the fissure for the inferior vena cava. They 
are arranged in the form of the letter H. The left limb of the H is known as 
the longitudinal fissure, and is divided into two parts, the wmbilical fissure in 
front, and the fissure of the ductus venosus behind. The right limb is formed 
in front by the fissure for the gall-bladder, and behind by the fissure for the 
inferior vena cava; these two fissures are separated from each other by the 
caudate lobe. The connecting bar of the H is the transverse or portal fissure. 
e eop the quadrate lobe in front from the caudate and Spigelian lobes 

ehind. 

The longitudinal fissure is a deep groove, which extends from the notch on 
the anterior margin of the liver to the upper border of the posterior surface of 
the organ. It separates the right and left lobes; the transverse fissure joins it, 
at right angles, and divides it into two parts. The anterior part is called the 
umbilical fissure; it lodges the umbilical vein in the foetus, and its remains 
(the round ligament) in the adult; it lies between the quadrate lobe and the left 
lobe of the liver, and is often partially bridged over by a prolongation of the 
hepatic substance, the pons hepatis. The posterior part of the longitudinal fissure 
contains the ductus venosus, and is known as the fissure of the ductus venosus. 

The fissure of the ductus venosus is the back part of the longitudinal fissure, 
and is situated mainly on the posterior surface of the liver. It lies between the 
left lobe and the lobe of Spigelius. It lodges in the foetus the ductus venosus, 
and in the adult a slender fibrous cord, the obliterated remains of that vessel. 


THE LIVER 1097 
The transverse or portal fissure is a short but deep fissure, about two inches 
in length, extending transversely across the under surface of the left portion 
of the right lobe, nearer to its posterior surface than its anterior border. It 
joins, nearly at right angles, with the longitudinal fissure, and separates the 
quadrate lobe in front from the caudate and Spigelian lobes behind. By the 
older anatomists this fissure was considered the gateway (porta) of the liver; 
hence the large vein which enters at this fissure was called the portal vein. 
Besides this vein, the fissure transmits the hepatic artery and nerves, and the 
hepatic duct and lymphatics. At their entrance into the fissure, the hepatic 
duct lies in front and to the right, the hepatic artery to the left, and the portal 
vein behind and between the duct and artery. 

The fissure for the gall-bladder (fossa vesicalis) is a shallow, oblong fossa, 
placed on the under surface of the right lobe, parallel with the longitudinal 
fissure. It extends from the anterior free margin of the liver, which is notched 
for its reception, to the right extremity of the transverse fissure. 


Fic. 744.—Posterior and under surfaces of the liver. (His.) 
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The lobus quadratus is situated on the under surface of the right lobe, 
bounded in front by the inferior margin of the liver; behind by the transverse 
fissure ; on the right, by the fossa for the gall-bladder; and on the left, by the 
umbilical fissure. . 

The lobus Spigelii is situated upon the posterior surface of the right lobe of 
the liver. It looks directly backwards, and is nearly vertical in direction. Itis ` 
bounded, below, by the transverse fissure; on the right, by the fissure for the 
vena cava; and, on the left, by the fissure for the ductus venosus. Its left 
upper angle forms part of the groove for the cesophagus. | 

The lobus caudatus, or tailed lobe, is a small elevation of the hepatic substance 
extending obliquely outwards, from the lower extremity of the lobus Spigelii to 
the under surface of the right lobe. 1t is situated behind the transverse fissure, 
and separates the fissure for the gall-bladder from the commencement of the 
fissure for the inferior vena cava. l 

The left lobe is smaller and more flattened than the right. Itis situated in 
the epigastric and left hypochondriac regions. Its upper surface is slightly 
convex and is moulded on to the Diaphragm ; its under surface presents the 
gastric impression and omental tuberosity, already referred to. 

Ligaments.—The liver is connected to the under surface of the Diaphragm 
and to the anterior wall of the abdomen by five ligaments, four of which are 
peritoneal folds; the fifth is a round, fibrous cord, resulting from the oblitera- 
tion of the umbilical vein. These ligaments are the falciform, coronary, two 
lateral, and round. Itis also attached to the lesser curvature of the stomach 
by the gastro-hepatic or small omentum (see page 1062). 

The falciform ligament is a broad and thin antero-posterior peritonea! fold, 
falciform in shape, its base being directed downwards and backwards, its apex 
upwards and backwards. It is attached by one margin to the under surface of 
the Diaphragm, and the posterior surface of the sheath of the right Rectus 
muscle as low down as the umbilicus; by its hepatic margin it extends from 
the notch on the anterior margin of the liver, as far back as its posterior surface. 
It is composed of two layers of peritoneum closely united together. Its base or 
free edge contains the round ligament between its layers. 

The coronary ligament consists of an upper and a lower layer. The upper 
layer is formed by the line of reflection of the peritoneum from the upper 
margin of the bare area of the liver to the under surface of the Diaphragm, and 
is continuous with the right layer of the falciform ligament. The lower layer 
is reflected from the lower margin of the bare area on to the right kidney and 
suprarenal capsule. 

The lateral ligaments, two in number, right and left, are triangular in shape. 
The right is situated at the right extremity of the bare area, and is a small fold 
which passes to the Diaphragm, being formed by the apposition of the upper 
and lower layers of the coronary ligament. The left is a fold of some consider- 
able size, which connects the posterior part of the upper ‘surface of the left lobe 
to the Diaphragm ; its upper layer is continuous with the left layer of the 
falciform ligament. 

The round ligament (ligamentum teres) is a fibrous cord resulting from the 
obliteration of the umbilical vein. It ascends from the umbilicus, in the free 
margin of the falciform ligament, to the notch in the anterior border of the liver, 
from. which it may be traced along the longitudinal fissure on the under surface 
of the liver; on the posterior surface it is continued upwards as the obliterated 
ductus venosus as far as the inferior vena cava. 

Vessels.—The vessels connected with the liver are, the hepatic artery, the 
portal vein, and the hepatic veins. 

The hepatic artery and portal vein, accompanied by numerous lymphatics 
and nerves, ascend to the transverse fissure, between the layers of the gastro- 
hepatic omentum. The bdile-duct, lying in company with them, descends from 
the transverse fissure between the layers of the same omentum. The relative 
position of the three structures 1s as follows: the bile-duct lies to the right, the 
hepatic artery to the left, and the portal vein behind and between the other 
two. These are enveloped in a loose areolar tissue, the capsule of Glisson, which 
accompanies the vessels in their course through the portal canals, in the interior 
of the organ. 

The hepatic veins convey the blood from the liver, and are described on 
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page 743. They have very little cellular in is bi 
their parietes closely to fe walls of the ined ni peer x iaip 
that, on section of the organ, they remain widely — and are soltt = = 
may be easily distinguished from the branches of the portal vein e e 
more or less collapsed, and always accompanied by an artery and d i a 

Structure of the Liver.—The substance of eae: — Ae lobul 
held together by an extremely fine areolar tissue, and of M hen -= of 
the portal vein, hepatic ducts, hepatic artery, hepatic veins, lym ra = 
nerves ; the whole being invested by a serous and a fibrous coat - i 

The serous coat is derived from the peritoneum, and invests the greater 
part of the surface of the organ. It is intimately adherent to the fibrous 
coat. 

The fibrous coat lies beneath the serous investment, and covers the entire 
surface of the organ. It is difficult of demonstration, excepting where the 
serous coat is deficient. At the transverse fissure it is continuous with the 
gananie of Nee and, on the surface of the organ, with the areolar tissue 
separating the lobules. 

The lobules form the chief mass of the hepatic substance ; they may be seen 
Ther ab ae oh jae ongan, 9, Hag a section through the gland. 
, abou 
the size of a millet seed, measuring from Fic. 745.—Longitudinal section of an 

one-twentieth to one-tenth of an inch in hepatic vein. (After Kiernan.) 
diameter. In the human subject their out- 
line is very irregular; but in some of the 
lower animals (for example, the pig) they 
are well defined, and, when divided trans- 
versely, have a polygonal outline. If divided 
longitudinally they are more or less foliated 
or oblong. The bases of the lobules are 
clustered round the smallest radicles (swb- 
lobular) of the hepatic veins, to which each 
is connected by means of a small branch 
which issues from the centre of the lobule 
(intralobular). The remaining part of the 
surface of each lobule is imperfectly isolated 
from the surrounding lobules by a thin 
stratum of areolar tissue, in which is con- 
tained a plexus of vessels (the interlobular 
plexus) and ducts. In some animals, as 
the pig, the lobules are completely isolated 
from one another by the interlobular areolar 
tissue. 

If. one of the sublobular veins be laid 
open, the bases of the lobules may be seen ie i 
through the thin wall of the vein on which they rest, arranged in the form 0 
a tesselated pavement, the. centre of each polygonal space presenting a minute 
aperture, the mouth of an intralobular vein (fig. 7 45). f cells (hepati 

Microscopic appearance.— Hach lobule consists of a mass 0 i ce 4 V epatic 
cells), surrounded by a dense capillary plexus, composed of vessels W ig B 
trate from the circumference to the centre of the lobule, and terminate in the 
intralobular vein, which runs through its centre, to open at its base into one 
of the sublobular veins. Between the cells are also the minute commencements 
of the bile-ducts. Therefore, in the lobule we have all the essentials of a 
secreting gland; that is to say : (1) cells, by which the poreo E 
(2) blood-vessels, in close relation with the cells, containing the blood from 

i aibi j : ducts, by which the secretion, when formed, 
which the secretion is derived ; (3) » DY Jered 
is carried away. Hach of these structures must be further io Ag aD 

(1) The hepatic cells are more OF less spheroidal in form, yor 

“Jod from mutual compression. They vary ìn size 
rounded, flattened, or many sided fror <t of a honeycomb 
from toor tO seus of an inch in diameter. They cone o a p 
network and contain one or sometimes two distinct nuc b ji Embedded 
contains an intranuclear network and one or two refractile a ll 
| llow particles, the colouring matter 
in the honeycomb network are numerous ye P 
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of the bile, and oil-globules. The cells adhere together by their surfaces so as to 
form rows, which radiate from the centre to the circumference of the lobules.* 
As stated above, they are the chief agents in the secretion of the bile. 

(2) The blood-vessels.—The blood in the capillary plexus, around the liver 
cells, is brought to the liver Benepe ly by the portal vein, but also to a certain 
extent by the hepatic artery. For the sake of clearness, the distribution of the 
blood derived from the hepatic artery may be considered first. 

The hepatic artery, entering the liver at the transverse fissure with the portal 
vein and hepatic duct, ramifies with these vessels through the portal canals. It 
gives off vaginal branches, which ramify in the capsule of Glisson, and appear to 
be destined chiefly for the nutrition of the coats of the vessels and ducts. It 
also gives off capsular branches, which reach the surface of the organ, termi- 
nating in its fibrous coat in stellate plexuses. Finally it gives off interlobular 
branches, which form a plexus on the outer side of each lobule, to supply the walls 
of the interlobular veins and the accompanying bile-ducts. From this plexus 
lobular branches enter the lobule and end in the capillary network between the 
cells. Some anatomists, however, doubt whether it transmits any blood directly 
to the capillary network. 

The portal vein also enters at the transverse fissure and runs through the 
portal canals, enclosed in Glisson’s capsule, dividing into branches in its 
course, which finally break up into a 
plexus (the interlobular plexus) in the 
interlobular spaces. In their course 
these branches receive the vaginal and 
capsular veins, corresponding to the 
vaginal and capsular branches of the 
hepatic artery (fig. 746). Thus it will 
be seen that all the blood carried to 
the liver by the portal vein and hepatic 
artery, except perhaps that derived 
from the interlobular branches of the 
hepatic artery, directly or indirectly, 
finds its way into the interlobular 
plexus. From this plexus the blood is 
carried into the lobule by fine branches 
which converge from the circumference 
to the centre of the lobule, and are 
connected by transverse branches (fig. 
747). In the interstices of the network 


Fre. 746.—Longitudinal section of a small 
portal vein and canal. (After Kiernan.) 
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~~ E of vessels thus formed are situsted, as 
S of before said, the liver-cells; and here 
canalfrom it is that, the blood being brought into 
which vein +7 : : $ 
has been intimate connection with the liver-cells, 
removed the bile is secreted. Arrived at the 


centre of the lobule, all these minute 
vessels empty themselves into one vein, of considerable size, which runs down 
the centre of the lobule from apex to base, and is called the intralobular vern. 
At the base of the lobule this vein opens directly into the sublobular vein, with 
which the lobule is connected, and which, as before mentioned, is a radicle of 
the hepatic vein. The sublobular veins, uniting into larger and larger trunks, 
end at last in the hepatic veins, which do not receive any intralobular veins. 
Finally, the hepatic veins, as mentioned on page 743, converge to form three 
large trunks which open into the inferior vena cava, while that vessel is situated 
in the fissure appropriated to it at the back of the liver. 

(3) The bile-ducts.—Having shown how the blood is brought into intimate 
relation with the hepatic cells in order that the bile may be secreted, it remains 
now to consider the means by which the secretion is carried away. Several 
views have prevailed as to the mode of origin of the hepatic ducts ; it seems, 


* Delépine states that there are evidences of the arrangement of these cells in the 
form of columns, which form tubes with narrow lumina branching from terminal bile- 
ducts. This branching is evidenced by a divergence of the columns from lines extending 
between adjacent portal vessels. The columns of cells group round terminal bile-ducts 
and not round the so-called intralobular veins.—Lamncet, vol. 1. 1895, p. 1254. 
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Fie. 747.—Horizontal section of liver (dog). 
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more liver-cells meet (fig. 748), and it seems doubtful whether there is any 
delicate membrane forming the wall of the channel. The channels thus formed 
radiate to the circumference of the lobule, and form a plexus (interlobular) 
between the lobules. From this plexus ducts are derived which pass into the 
portal canals, become enclosed in Glisson’s capsule, and, accompanying the 


Fra. 748.—Section of liver. Fic. 749.—A transverse section of 
| a small portal canal and its 
vessels. (After Kiernan.) 
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portal vein and hepatic artery (fig. 749)» join with other ducts to form two 
main trunks, which leave the liver at the transverse fissure, and by their union 


for À Da a 
i ei pe T ee walls of the smallest biliary ducts, which lie in 
the interlobular spaces, consist of a connective-tissue coat, in which are muscle- 
cells, arranged both circularly and longitudinally, and an e ithelial layer, consist- 
ing of short columnar cells. In the larger ducts, which lie in the portal canals, 
there are a number of orifices disposed in two longitudinal rows, which were 
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formerly regarded as the openings of mucous glands, but which are merely 
the orifices of tubular recesses. They occasionally anastomose, and from the 
sides of them saccular dilatations are given off. . 

Lymphatics of the liver.—The lymphatics in the substance of the liver 
commence in lymphatic spaces around the capillaries of the lobules; they 
accompany the vessels of the interlobular plexus, often enclosing and surround- 
ing them. These unite and form larger vessels, which run in the portal canals, 
enclosed in Glisson’s capsule, and emerge at the portal fissure to be distributed 
in the manner described. Other superficial lymphatics form æ close plexus, 
under the peritoneum, where this membrane covers the liver, and passin various 
directions through the ligaments of the liver (page 759). 

Nerves of the liver.—The nerves of the liver, derived from the left pneumo- 
gastric and sympathetic, enter ab the transverse fissure and accompany the 
vessels and ducts to the interlobular spaces. Here, according to Korolkow, the 
medullated fibres are distributed almost exclusively to the coats of the blood- 
vessels; while the non-medullated enter the lobules and ramify between the cells. 


Excretory APPARATUS OF THE LIVER 


The excretory apparatus of the liver consists of (1) the hepatic duct, which, 
as we have seen, is formed by the junction of the two main ducts, which pass 
out of the liver at the transverse fissure, and are formed by the union of the 
bile capillaries; (2) the gall-bladder, which serves as a reservoir for the bile ; 
(3) the cystic duct, which is the duct of the gall-bladder; and (4) the common 
bile-duct, formed by the junction of the hepatic and cystic ducts. 

The hepatic duct.—Two main trunks of nearly equal size issue from the liver 
at the transverse fissure, one from the right, the other from the left lobe; these 
unite to form the hepatic duct, which then passes downwards and to the right 
for about an inch and a half, between the layers of the lesser omentum, where it 
is joined at an acute angle by the cystic duct, and so forms the common bile- 
duct (ductus communis choledochus). The hepatic duct is accompanied by the 
hepatic artery and portal vein. 

The gall-bladder is a conical or pear-shaped musculo-membranous sac, 
lodged in a fossa on the under surface of the right lobe of the liver, and extend- 
ing from near the right extremity of the transverse fissure to the anterior border 
of the organ. It is from three to four inches in length, one inch in breadth at 
its widest part, and holds from eight to ten drachms. It is divided into a fundus 
body, and neck. The fundus, or broad extremity, is directed downwards, 
forwards, and to the right, and projects beyond the anterior border of the liver ; 
the body and neck are directed upwards and backwards to the left. The upper 
surface of the gall-bladder is attached to the liver by connective tissue and 
vessels. The under surface is covered by peritoneum, which is reflected on to it 
from the surface of the liver. Occasionally the whole of the organ is invested. 
by the serous membrane, and is then connected to the liver by a kind of 
mesentery. 

Relations.—The body of the gall-bladder is in relation, by its upper surface, 
with the liver, to which it is connected by areolar tissue and vessels; by its 
under surface, with the commencement of the transverse colon; and farther 
back, with the upper end of the descending portion of the duodenum or some- 
times with the pyloric end of the stomach, or first portion of theduodenum. The 
fundus is completely invested by peritoneum ; it isin relation, in front, with the 
abdominal parietes, immediately below the ninth costal cartilage; behind with 
the transverse arch of the colon. The neck is narrow, and curves upon itself 
like the letter S ;. at its point of connection with the cystic duct it presents a 
well-marked constriction. 

When the gall-bladder is distended with bile or calculi, the fundus may be felt through 
the abdominal parietes, especially in an emaciated subject: its relations will also serve to 
explain the occasional occurrence of abdominal biliary fistule, through whieh biliary 
calculi may pass out, and of the passage of calculi from the gall-bladder into the stomach, 
duodenum, or colon, which sometimes happens. 


Structure.—The gall-bladder consists of three coats: serous, fibrous and 
muscular, and mucous. 
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It descends along the right border of the lesser omentum behind the first 
portion of the duodenum, in front of the vena porte, and to the right of the 
hepatic artery ; it then passes between the head of the pancreas and descendin 
portion of the duodenum, and, running for a short distance along the right side 
of the pancreatic duct, near its termination, passes, with it, obliquely between the 
mucous and muscular coats. The two ducts open by a common orifice upon 
the summit of a papilla, situated at the inner oe of the descending portion of 
the duodenum, a little below its middle and about three or four inches from the 
pylorus. 

Structure.—The coats of the large biliary ducts are, an external or fibrous, 
and an internal or mucous. The fibrous coat is composed of strong fibro-areolar 
tissue, with a certain amount of muscular. tissue, arranged, for the most part, in 
a circular manner around the duct. The mucous coat is continuous with the 
lining membrane of the hepatic ducts and gall-bladder, and also with that of the 
duodenum ; and, like the mucous membrane of these structures, its epithelium is 
of the columnar variety. It is provided with numerous mucous glands, which 
are lobulated and open by minute orifices, scattered irregularly in the larger 
ducts. The coats of the smallest biliary ducts, which lie in the interlobular 
spaces, are æ connective-tissue coat, in which, according to Heidenhain, are 
musele-cells, arranged both circularly and longitudinally, and an epithelial layer, 


Surface Relations.—The liver is situated mainly in the right hypochondriac and the 
is: he arch of the Diaphragm. In the greater part of its 


epigastric regions, and is moulded to t 
extent it lies under cover of the lower ribs and their cartilages, but in the epigastric region 
it comes in contact with the abdominal wall, in the subcostal angle. The upper limit of 
j ne by the junction of the meso- 


the right lobe of the liver may be defined in the middle li 
m aR ochitl ti . on the right side the line must be carried upwards 


sternum with the ensiform cartilage ; r 

as far as the fifth rib cartilage in the line of the nipple and then downwards to reach the 
seventh rib at the side of the chest. The upper lam 
continuing this line to the left with an inclination downwar che 
to the left of the sternum on & level with the sixth left costal cartilage. The lower limit 
of the liver may be indicated by a line drawn half an inch below the lower border of the 
thorax on the right side as far as the ninth right costal cartilage, and thence obliquely 
upwards across the subcostal angle to the eighth left costal cartilage. A slightly curved 
line with its convexity to the left from this point, 1.6. the eighth left costal cartilage, to 
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the termination of the line indicating the upper limit, will denote the left margin of the 
liver. Birmingham teaches that the limits of the normal liver may be marked out on the 
surface of the body in the following manner. Take three points: 1, half an inch below 
the right nipple; 2, half an inch below the tip of the tenth rib; and 3, one inch below 
the left nipple. Join 1 and 3-by a line slightly convex upwards; join 1 and 2 by a line 
slightly convex outwards, and 2 and 3 by a line slightly convex downwards. The fundus 
of the gall-bladder approaches the surface behind the anterior extremity of the ninth 
costal cartilage, close to the outer margin of the right Rectus muscle. 

It must be remembered that the liver is subject to considerable alterations in position, 
and the student should make himself acquainted with the different circumstances under 
which this occurs, as they are of importance in determining the existence of enlargement 
or other diseases of the organ. 

The position of the liver varies according to the posture of the body. In the erect 
position in the adult male, the edge of the liver projects about half an inch below the lower 
edge of the right costal cartilages, and its anterior border can be often felt in this situation 
if the abdominal wall is thin. In the supine position the liver gravitates backwards, and 
recedes above the lower margin of the ribs, and cannot then be detected by the finger. 
In the prone position it falls forward, and can then generally be felt in a patient with 
loose and lax abdominal walls. Its position varies also with the ascent or descent of 
the Diaphragm. In a deep inspiration the liver descends below the ribs; in expiration 
it is raised behind them. Again, in emphysema, where the lungs are distended, and 
the Diaphragm descends very low, the liver is pushed down: in some other diseases, as 
phthisis, where the Diaphragm is much arched, the liver rises very high up. Pressure 
from without, as in tight-lacing, by compressing the lower part of the chest, displaces the 
liver considerably: its anterior edge frequently extending as low as the crest of the ilium ; 
and its convex surface is often at the same time deeply indented from the pressure of 
the ribs. Again, its position varies greatly according to the greater or less distension of 
the stomach and intestines. When the intestines are empty, the liver descends in the 
abdomen; but when they are distended, it is pushed upwards. Its relations to surround- 
ing organs may also be changed by the growth of tumours, or by collections of fluid in 
the thoracic or abdominal cavities. 

Surgical Anatomy.—On account of its large size, its fixed position, and its friability, 
the liver is more frequently ruptured than any of the abdominal viscera. The rupture 
may vary from a slight scratch to an extensive and complete laceration of its substance, 
dividing it into two parts. Sometimes an internal rupture, without laceration of the 
peritoneal covering, takes place, and such injuries are most susceptible of repair; but 
small tears of the surface may also heal; when, however, the laceration is extensive, 
death usually takes place from hemorrhage, on account of the fact that the hepatic veins 
are contained in rigid canals in the liver-substance and are unable to contract, and are 
moreover unprovided with valves. The liver may also be torn by the end of a broken 
rib perforating the Diaphragm. It may be injured by stabs or other punctured wounds, 
and when these are inflicted through the chest wall both pleural and peritoneal cavities 
may be opened up, and both lung and liver wounded. In cases of wound of the liver 
from the front, hernia of a part of this viscus may take place, but generally can be easily 
replaced. In cases of laceration of the liver, when there is evidence that bleeding is going 
on, the abdomen must be opened, the laceration sought for, and the bleeding arrested. 
This may be done temporarily by introducing the forefinger into the foramen of Winslow 
and placing the thumb on the gastro-hepatic omentum and compressing the hepatic 
artery and portal vein between the two. Any bleeding points can then be seen and tied 
and the margins of the laceration, if small, brought together and sutured by means of & 
blunt curved needle passed from one side of the wound to the other. All sutures must be 
passed before any are tied, and this must be done with the greatest gentleness as the 
liver substance is very friable. When the laceration is extensive it must be packed with 
iodoform gauze, the end of which is allowed to hang out of the external wound. Abcess 
of the liver is of not. infrequent occurrence, and may open in many different ways on 
account of the relations of this viscus to other organs. Thus it has been known to burst 
into the lungs and the pus coughed up, or into the stomach and the pus vomited; if may 
burst into the colon, or into the duodenum; or, by perforating the Diaphragm, it may 
empty itself into the pleural cavity. It often makes its way forwards, and points on 
the anterior abdominal wall, and finally it may burst into the peritoneal or pericardiac 
cavities. Abscesses of the liver frequently require opening, and this must be done by an 
incision in the abdominal wall, in the thoracic wall, or in the lumbar region, according to 
the direction in which the abscess is tracking. The incision through the abdominal wall 
is to be preferred when possible. The abdominal wall is incised over the swelling, and 
unless the peritoneum is adherent, sponges are packed all round the exposed liver surface 
and the abscess opened, if deeply seated preferably by the thermo-cautery. Hydatid cysts 
are more often found in the liver than in any of the other viscera. The reason of this 
is not far to seek. The embryo of the egg of the tenia echinococcus, being liberated in 
the stomach by the disintegration of its shell, bores its way through the gastric walls and 
usually enters a blood-vessel, and is carried by the blood-stream to the hepatic capillaries, 
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where its onward course is arrested, and where it undergoes dev i 

formed hydatid. Tumours of the liver have recently beon adl opie ee =~ 
by removal of a portion of the organ. The abdomen is opened and the diseased ae 
of liver exposed ; the circulation is controlled by compressing the portal vein ae the 
hepatic artery in the gastro-hepatic omentum and a wedge-shaped portion of liver 
containing the tumour removed ; the divided vessels are ligatured and the cut surfaces 
brought together and sutured in the manner directed above. 

_ ,When the gall-bladder or one of its main ducts is ruptured, which may occur 
independently of laceration of the liver, death usually results from peritonitis. If the 
symptoms have led to the performance of a laparotomy and a rent is found, it should be 
sutured if small, or the gall-bladder removed if it is extensive. If the cystic duct is torn 
its intestinal end must be closed and the gall-bladder removed. In rupture of either of 
the other ducts, the only thing which can be done is to provide for free drainage, in the 
hope that a biliary fistula may form. 

The gall-bladder may become distended in cases of obstruction of its duct or the 
common bile-duct, or from a collection of gall-stones in its interior, thus forming «a 
large tumour. The swelling is pear-shaped, and projects downwards and forwards to 
the umbilicus. It moves with respiration, since it is attached to the liver. To relieve 
this condition, the gall-bladder must be opened and the gall-stones removed. The opera- 
tion is performed by an incision, two or three inches long in the right semilunar line, 
commencing at the costal margin. The peritoneal cavity is opened, and the tumour 
having been found, sponges are packed round it to protect the peritoneal cavity, and it is 
aspirated. When the contained fluid has been evacuated the flaccid bladder is drawn out 
of the abdominal wound and its wall incised to the extent of an inch ; any gall-stones in 
the bladder are now removed and the interior of the sac sponged dry. If the case is one 
of obstruction of the duct, an attempt must be made to dislodge the stone by manipulation 
through the wall of the duct; or it may be crushed from without by the fingers or care- 
fully padded forceps. If this does not succeed, the safest plan is to incise the duct, 
extract the stone, and close the incision by fine sutures in two layers. After all obstruc- 
tion has been removed, four courses are open to the surgeon: 1. The wound in the gall- 
bladder may be at once sewn up, the organ returned into the abdominal cavity, and the 
external incision closed. 2. The edges of the incision in the gall-bladder may be sutured 
to the external wound, and a fistulous communication established between the gall-bladder 
and the exterior; this fistulous opening usually closes in the course of a few weeks. 
3. The gall-bladder may be connected with the intestinal canal, preferably the duodenum, 
by means of a lateral anastomosis; this is known as cholecystenterostomy. 4. The gall- 
bladder may be completely removed. 


THE PANCREAS 


Dissection.—The pancreas may be exposed for dissection in three different ways : 
1. By raising the liver, drawing down the stomach, and tearing through the gastro- 
hepatic omentum and the ascending layer of the transverse mesocolon. 2. By raising 
the stomach, the arch of the colon, and great omentum, and then dividing the inferior 
layer of the transverse mesocolon and raising its ascending layer. 3. By dividing the 
two layers of peritoneum, which descend from the great curvature of the tomar to 
form the great omentum ; turning the stomach upwards, and then cutting through the 
ascending layer of the transverse mesocolon (see fig. 720, page 10 59). 


The Pancreas (sav-xpéas, all flesh) i3 a compound racemose gland, analogous 
in its structare to the salivary glands, though softer and less compactly arranged 
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than those organs. It is long and irregularly prismatic in shape, an 2 
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called the kead—this is connected to the main portion of the organ, 
S ais constriction, the neck; while its left extremity gadna tapaj ie form 
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at the back of the epigastric and left hypochondriac i pa ae eng ac 
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half an inch to an inch, being greater at its right extremity an leg its upper 
border. Its weight varies from two to three and a half ounces, but 1t may reac 


~ The right extremity or head of the pancreas (fig. 750) 36 siog” like nags 
the convexity of which conforms to the concavity of po a ai a 
slightly overlapped by it. It is flattened ads +: a= jimny Ta Tof e 
head of the pancreas is in maira — the aorta. The superior mesenteric 


vein, the right orus of tie — pancreas and duodenum, are lodged in 
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a notch in the head of the viscus to the right of the neck ; they then cross in 
front of the head, near its left border. The anterior surface is in contact with 
the commencement of the transverse colon, and below this is covered by 
meee which is continuous with the transverse mesocolon. The common 
bile-duct descends behind, between the descending portion of the duodenum and 
the head of the pancreas ; and the superior pancreatico-duodenal artery descends 
in front between the same parts. 

The neck of the pancreas is about an inch long, and passes upwards and 
to the left, having the first part of the duodenum above it, and the termination 
of the fourth portion below. It lies in front of the commencement of the portal 
vein, and is grooved on the right by the gastro-duodenal and superior 
pancreatico-duodenal arteries. The pylorus lies just above it. 

The body and tail of the pancreas are somewhat prismatic in shape, and have 
three surfaces : anterior, posterior, and inferior. 

The anterior surface is somewhat concave, and is directed forwards and 


upwards: it is covered by the posterior surface of the stornach which rests upon 


Fra. 750.—The pancreas and its relations. 
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it, the two organs being separated by the lesser sac of the peritoneum. At its 
right extremity there is a well-marked prominence, the omental tuberosity, which 
abuts against the posterior surface of the small omentum. 

The posterior surface is devoid of peritoneum and separated from the vertebral 
column by the aorta, the splenic vein, the left kidney and its vessels, the left 
suprarenal capsule, the pillars of the Diaphragm, and the origin of the superior 
mesenteric artery. 

The inferior surface is narrow and covered by peritoneum ; it lies upon the 
duodeno-jejunal flexure and on some coils of the jejunum ; its left extremity 
rests on the splenic flexure of the colon. 

The supertor border of the body is blunt and flat to the right; narrow and 
sharp to the left, near the tail. It commences to the right in the omental 
tuberosity, and is in relation with the cceliac axis, from which the hepatic artery 
courses to the right just above the gland, while the splenic branch runs in a 
groove along this border to the lett. 

The anterior border separates the anterior from the inferior surface, and 
along this border the two layers of the transverse mesocolon diverge from one 
another: one passing upwards over the anterior surface, the other backwards 
over the inferior surface. 
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The lesser end or tail of the pancreas is narrow ; it extends to the lef 
as the lower part of the gastric surface of th a a 
the splenic Aare of the oe, e spleen, and it is in contact with 
Birmingham describes the body of. the pancreas as projectin 
Mapi ere inio the,abdominal cavity and forming a io of ded = 
the stomach lies. He says: ‘The portion of the pancreas to the left of the 
middle line has a very considerable antero-posterior thickness ; as a result the 
anterior surface is of considerable extent, it looks strongly upwards and forms 
a large and important part of the shelf. As the pancreas extends to the left 
towards the spleen it crosses the upper part of the kidney, and is so moulded on 
to it that the top of the kidney forms an extension inwards and backwards of the 
upper surface of the pancreas and extends the bed in this direction. On the 


Fig. 751.—The duodenum and pancreas. 
The liver has been lifted up and the greater part of the stomach removed. (Testut.) 
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turning downwards, backwards and to the right, it comes into relation with the 
common bile-duct, lying to its left side; leaving the head of the gland it passes 
very obliquely through the mucous and muscular coats of the duodenum, and 
terminates by an orifice common to it and the common bile-duct upon the 
summit of an elevated papilla, situated at the inner side of the descending 
portion of the duodenum, three or four inches below the pylorus. 

Sometimes the pancreatic duct and the common bile-duct open- separately 
into the duodenum. Frequently there is an accessory duct, which is given off 
from the canal of Wirsung in the neck of the pancreas and passes horizontally 
to the right to open into the duodenum about an inch above the orifice of the 
main duct. It receives the ducts from the lower part of the head, and is known 
as the ductus pancreaticus accessorius or ductus Santorim. 


Fra. 752.—Transverse section through the middle of the first lumbar vertebra, 
showing the relations of the pancreas, (Braune.) 
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The pancreatic duct, near the duodenum, is about the size of an ordinary 
quill: its walls are thin, consisting of two coats, an external fibrous and an 
internal mucous; the latter is smooth, and furnished near its termination with 
a few scattered follicles. 

In structure, the pancreas resembles the salivary glands. It differs from 
them, however, in certain particulars, and is looser and softer in its texture. It 
is not enclosed in a distinct capsule, but is surrounded by areolar tissue, which 
dips into its interior, and connects together the various lobules of which it is 
composed. Hach lobule, like the lobules of the salivary glands, consists of one 
of the ultimate ramifications of the main duct, terminating in a number of cecal 
pouches or alveoli, which are tubular and somewhat convoluted. The minute 
ducts connected with the alveoli are narrow and lined with flattened cells. 
The alveoli are almost completely filled with secreting cells, so that scarcely 
any lumen is visible. In some animals those cells which occupy the centre of 
the alveolus are spindle-shaped, and are known as the centro-acinar cells of 
Langerhans. The true secreting cells which line the wall of the alveolus are 
very characteristic. They are columnar in shape and present two zones: an 
outer one clear and finely striated next the basement-membrane, and an inner 
granular one next the lumen. During activity the granular zone occupies the 
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greater part of the cell: before the cells are called into action, while in a con- 
dition of rest, the outer or clear zone is the larger. In some of the secreting 
cells of the pancreas is a spherical mass, staining more easily than the rest of 
the cell ; this is termed the paranucleus, and is believed to be an extension from 
the nucleus. The connective tissue between the alveoli presents in certain parts 
collections of cells, which are termed inter-alveolar cell-islets. 

Vessels and Nerves.—The arteries of the pancreas are derived from the 
splenic and the pancreatico-duodenal branches of the hepatic and the superior 
mesenteric. Its veins open into the splenic and superior mesenteric veins. Its 
lymphatics terminate in the lumbar glands. Its nerves are filaments from the 
splenic plexus. 


Surface Form.—The pancreas lies in front of the second lumbar vertebra, and can 
sometimes be felt, in emaciated subjects, when the stomach and colon are empty, by 
making deep pressure in the middle line about three inches above the umbilicus. 

Surgical Anatomy. — Inflammation of the pancreas has of late years received 
considerable attention. It appears to be due to infection of the pancreatic ducts 
by micro-organisms from the duodenum in cases of gastro-duodenal catarrh, or from 
the biliary passages in which a gall-stone is lodged. Acute cases usually terminate 
fatally from peritonitis, but subacute and chronic cases generally run.on to suppuration, 
and an operation for the evacuation of the pus becomes necessary. The best mode 
of reaching the site of the disease is by an incision in the middle line of the abdomen 
above the umbilicus. When the cavity of the abdomen has been opened, the two layers 
of peritoneum passing from the great curvature of the stomach to form the great omentum 
must be divided, the stomach turned upwards, and the ascending layer of the transverse 
mesocolon cut through. Careful drainage will be necessary, and this is best effected by 
an opening in the left loin just below the last rib. Cysts of the pancreas are sometimes 
met with. They may be the result of traumatism, when they generally contain blood, or 
they may be due to retention from obstruction of a duct, or by pressure on the main duct 
by a gall-stone. They may attain a large size, and cause symptoms by pressing on the 
stomach, Diaphragm, or common bile-duct. They generally push their way forwards 
between the stomach and transverse colon, and may then be felt as a definite tumour m 
the middle line of the upper part of the abdomen. The tumour is fixed and does not 
move with respiration. The treatment consists in opening the abdomen in the middle 
line, incising the cyst, evacuating its contents, and fixing its wails to the deeper layers of 
the abdominal wall. When they are situated in the tail of the pancreas they may be 
removed. The pancreas is occasionally the seat of cancer. It usually affects the head, 
and therefore often speedily involves the common bile-duct, leading toipersistent hig pe 
or it may press upon the portal vein, causing ascites, or upon the stomach, cancing EY me 
obstruction. It has been said that the pancreas is the only abdominal viscus which has 
never been found in a hernial protrusion ; but even this organ has been found, in oa 
with other viscera, in rare cases of diaphragmatic hernia. The pancreas has peek s ae 
to become invaginated into the intestine, and portions of the organ have "ong e ah. ie. 
cases of excision of the pylorus great care must be exercised to avoid woun g 

ʻe fluid may be attended with serious results. 
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According to Billroth, it is likely, in consequence of its peptonising quaillies, 


the cicatrix of the stomach. 
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THE KIDNEYS 


HE Kidneys, two in number, secrete the urine and are situated in the back 

art of the abdomen. 

They are placed one on either side of the vertebral column, behind the 
peritoneum, and surrounded by a mass of fat and loose areolar tissue. Their 
upper extremity is on a level with the upper border of the twelfth dorsal 
vertebra, their lower extremity on a level with the third lumbar. The right 
kidney is usually on a slightly lower level than the left, probably on account 
of the vicinity of the liver. 

Bach kidney is about four and a half inches in length, two to two and a half 
in breadth, and rather more than one inch in thickness. The left is somewhat 
longer, though narrower, than the right. The weight of the kidney in the adult 
male varies from four and a half- ounces to six ounces, in the adult female from 
four to five anda half ounces. The combined weight of the two kidneys in 
proportion to the body is about 1 in 240. 

The kidney has a characteristic form, and presents for examination two 
surfaces, two borders, and an upper and lower extremity. 

Its anterior surface is convex, looks forwards and outwards, and is partially 
covered by peritoneum. In both kidneys a small portion of the upper part 
of the anterior surface is in relation with the suprarenal capsule. The right 
kidney, in its upper three-fourths, with the exception of the suprarenal area, 
is in contact with the posterior part of the under surface of the right lobe of 
the liver, on which it produces a concave impression, the impressio renalis 
(page 1095). Towards its inner border it is covered by the second part of the 
duodenum, while its lower and outer part is in relation with the hepatic flexure 
of the colon. The relation of the second part of the duodenum to the front 
of the right kidney is a varying one. The left kidney is covered above by the 
posterior surface of the stomach, below the stomach by the pancreas, behind 
which are the splenic vessels. Its lower half is in contact with some of the 
coils of the small intestine and sometimes with the third part of the duodenum. 
Near its outer border the anterior surface lies behind the spleen and the splenic 
flexure of the colon. 

The kidneys are partly covered in front by peritoneum and partly uncovered. 
On the right kidney, the hepatic area—that is to say, that portion of the kidney 
which produces the renal impression on the liver—is covered by peritoneum, 
which therefore separates the kidney from the liver: the duodenal: and colic 
areas are not peritoneal, and these structures are connected to the kidney b 
loose connective tissue; at the lower and inner extremity is a small area, week 
is in contact with some of the. coils of the small intestine, and is covered by 
peritoneum and is in relation with branches of the right colic vessels. On 
the left kidney, the gastric area is covered by the peritoneum of the lesser sac ; 
the pancreatic and colic areas are non-peritoneal: while as on the right side, 
at the lower and inner extremity, is an area, mesocolic, which is covered by 
the peritoneum of the greater sac and is in relation with the left colic vessels. 

The posterior surface of the kidney is directed backwards and inwards. It 
is entirely devoid of peritoneal covering, being embedded in areolar and fatty 
tissue. It lies upon the Diaphragm, the anterior layer of the lumbar aponeurosis 
(which separates it from ‚the Quadratus lumborum), the external and internal 
arcuate ligaments, the Psoas muscle and the tendon of the Transversalis muscle, 
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one or two of the upper lumbar arteries, the last dorsal, ilio-hypogastric, and 
ilio-inguinal nerves. The right kidney rests upon the twelfth rib, the left usually 
on the eleventh and twelfth. The Diaphragm separates the kidney from the 
pleura as it dips down to form the phrenico-costal sinus, but frequently the 
muscular fibres of the Diaphragm are defective or absent over a triangular area 
immediately above the external arcuate ligament, and when this is the case the 
perirenal areolar tissue is in immediate apposition with the diaphragmatic pleura. 

The external border is convex, and is directed outwards and backwards, 
towards the postero-lateral wall of the abdomen. On the left side it is in contact, 
at its upper part, with the spleen. 

The internal border.is concave, and is directed forwards and a little 
downwards. It presents a deep longitudinal fissure, bounded by prominent 


Fie. 753.—The relations of the kidneys, from behind. 
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middle, and the duct or ureter behind and directed downwards. By a knowledge 
of these relations, the student may distinguish between the right and left kidney. 
The kidney is to be laid on the table, before the student, on its posterior surface, 
with its lower extremity towards the observer—that is to say, with the ureter 
behind and below the vessels; the hilus will then be directed to the side to 
which the kidney belongs. 

General Structure of the Kidney.—The kidney is surrounded by a distinct 
investment of fibrous tissue, which forms a firm, smooth covering to the organ. 
It closely invests it, but can be easily stripped off, in doing which, however, 
numerous fine processes of connective tissue and small blood-vessels are torn 
through. Beneath this coat, a thin wide-meshed network of unstriped muscular 
fibre forms an incomplete covering to the organ. When the fibrous coat 18 
stripped off, the surface of the kidney is found to be smooth and even, and 
of a deep red colour. 

In infants, fissures extending for some depth may be seen on the surface of 
the organ, a remnant of the lobular construction of the gland. The kidney 
is dense in texture, but is easily lacerable by mechanical force. In order to 
obtain a knowledge of the structure of the gland, a vertical section must be made 
from its convex to its concave border, and the loose tissue and fat removed 
from around the vessels and the excretory duct (fig. 754). It will be then seen 
that the kidney consists of a central cavity, surrounded at all paris but one by 
the proper kidney-substance. This central cavity is called the sinus, and is 
lined by a prolongation of the fibrous coat of the kidney, which is continued 
round the lips of the hilus. Through this hilus the blood-vessels of the kidney 
and its excretory duct pass, and therefore these structures, upon entering or 
leaving the kidney, are contained within the sinus. The excretory duct or 
ureter, after entering, dilates into a wide, funnel-shaped expansion, named the 
pelvis of the kidney. This divides into two or three tubular divisions, which 
subdivide into severa: short, truncated branches, named calyces or infundtbula, 
all of which are contained in the central cavity of the kidney. The blood-vessels 
of the kidney, after passing through the hilus, are contained in the sinus or 
central cavity, lying between its lining membrane and the excretory apparatus 
before entering the kidney-substance. 

This central cavity, as before mentioned, is surrounded on all sides, except 
at the hilus, by the substance of the kidney, which consists of two parts, viz. 
an external, granular, investing part, which is called the cortical portion, and 
an internal part, the medullary portion, made up of a number of dark-coloured 
pyramidal masses, the pyramids of Malpighi, the bases of which rest on the 
cortical part, while their apices converge towards the sinus, where they form 
prominent papille, which project into the interior of the calices. 

The cortical substance is of a bright reddish-brown colour, soft, granular, and 
easily lacerable. It is found everywhere immediately beneath the capsule, and 
is seen to extend in an arched form over the base of each medullary pyramid. 
The parts dipping in between the pyramids, towards the sinus through which 
the arteries and nerves enter, and the veins and lymphatics emerge from the 
kidney, are called the cortical columns or columne Bertini (a a’, fig. 754); while 
that portion which stretches from one cortical column to the next, and inter- 
venes between the base of the pyramid and the capsule (which is marked by 
the dotted line, extending from a to a’ in fig. 754), is called a cortical arch, 
the depth of which varies from a third to half an inch. 

The medullary substance, as before said, is seen to consist of red-coloured, 
striated, conical masses, the pyramids of Malpighi; the number of which, 
varying from eight to eighteen, corresponds to the number of lobes of which 
the foetal kidney is composed. The bases of the pyramids are surrounded by 
the cortical arches and directed towards the circumference of the kidney; the 
sides are contiguous with the cortical columns; while the apices, known as 
the renal papille, project into the calyces of the ureter, each calyx receiving 
one, two, or perhaps three papilla. 

These two parts, cortical and medullary, so dissimilar in appearance, are 
very similar in structure, being made up of urinary tubes and blood-vessels, 
united and bound together by a connecting matrix or stroma. : 

Minute Anatomy.—The tubuli uriniferi, of which the kidney is for the most 
part made up, commence in the cortical portion of the kidney, and, after pursuing 
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a very circuitous course through the cortical and medullary parts, finally 
terminate at the apices of the Malpighian pyramids by open mouths (fig. 755), 
so that the fluid which they contain is emptied, through the calices, into the 
dilated extremity of the ureter contained in the sinus of the kidney. If the 
surface of one of the papille is examined with a lens, it will be seen to be 
studded over with small depressions, from sixteen to twenty in number, and 
if pressure is made on a fresh kidney, fluid will be seen to exude from these 
depressions. They are the orifices of the tubuli uriniferi, which terminate in 
this situation. The tubuli uriniferi commence in the cortical portion of the 
kidney as the Malpighian bodies, which are small rounded masses, varying in 
size, but of an average of about yo, of an inch in diameter. They are of a 
deep red colour, and are found only in the cortical portion of the kidney. 
Each of these little bodies is composed of two parts: a central glomerulus of 


Fic. 754.—Vertical section of kidney. Fie. 755.—Plan of uriniferous tubes. 
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surrounding them (fig. 757). Thus between the glomerulus and the capsule a 
space is left, forming a cavity lined by a continuous layer of cells; this cavity 
varies in size according to the state of secretion and the amount of fluid present 
in it. The cells, as above stated, are squamous in the adult, but in the foetus 
and young subject they are polyhedral or even columnar. 

The tubuli wriniferi, commencing in the Malpighian bodies, present, during 
their course, many changes in shape and direction, and are contained partly 
in the medullary and partly in the cortical portions of the organ. At their 
junction with the Malpighian capsule they exhibit a somewhat constricted 
portion, which is termed the neck. Beyond this the tube becomes convoluted, 
and pursues a considerable course in the cortical structure, constituting 
the proximal convoluted tube. After a time the convolutions disappear, and 
the tube approaches the medullary portion of the kidney in a more or less 
spiral manner. This section of ihe tube has been called the spiral tube of 
Schachowa. Throughout this portion of their course the tubuli uriniferi are 
contained entirely in the cortical structure, and present a fairly uniform calibre. 
They now enter the medullary portion, suddenly become much smaller, quite 
straight in direction, and dip down for a “ably depth into the pyramids, 
constituting the descending limb of Henle’s loop. Bending on themselves, they 
form what is termed the loop of Henle, and re-ascending, they become suddenly 
enlarged and again spiral in direction, forming the ascending limb of Henle's loop 
and re-enter the cortical structure. This portion of the tube does not present 


Fic. 756.—-Minute structure of kidney. Fre. 757.—Malpighian body. 





a uniform calibre, but becomes narrower as it ascends, and is irregular in out- 
line. As a narrow tube it enters the cortex and ascends for a short distance, 
when it again becomes dilated, irregular, and angular. This section is termed 
the irregular tubule; it terminates in a convoluted tube, which exactly resembles 
the proximal convoluted tubule, and is called the distal convoluted tubule. This 
agea terminates in a narrow curved tube, which enters the straight or collecting 
tube. 

Each straight or collecting tube commences by a small orifice on the summit 
of one of the papillæ, thus opening and discharging its contents into the interior 
of one of the calices. These tubes run from the apex to the base of the pyramid, 
dividing dichotomously in their course and slightly diverging from each other. 
Thus dividing and subdividing, they reach the base of the pyramid, and enter 
the cortical structure greatly increased in number. Upon entering the cortical 
portion they continue a straight course for a variable distance, and are arranged 
in groups, called medullary rays, several of these groups corresponding to a single 
pyramid. The tubes in the centre of the group are the longest, and reach almost 
to the surface of the kidney, while the external ones are shorter, and advance 
only a short distance into the cortex. In consequence of this arrangement the 
cortical portion presents a number of conical masses, the apices of which reach 
the periphery of the organ, and the bases are applied to the medullary portion. 
These are termed the pyramids of Ferrein. As they run through the cortical 
portion, the straight tubes receive on either side the curved extremity of the 
distal convoluted tubules. 
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Tt will be seen from the above description that the tubes are continuous from 
their commencement in the Malpighian bodies to their termination at the orifices 
on the apices of the pyramids of Malpighi; and that the urine, the secretion of 
which commences in the capsule, will find its way through these tubes into the 
calices of the kidney, and so into the ureter. Commencing at the capsule, the 
tube first presents a narrow constricted portion, (1) the neck. (2) It forms a 
wide convoluted tube, the proximal convoluted tube. (3) It becomes spiral, the 
spiral tubule of Schachowa. (4) It enters the medullary structure as a narrow, 
straight tube, the descending limb of Henle’s loop. (5) It forms Henle’s loop 
and becoming dilated, it ascends somewhat spirally, and, gradually diminishing 
in calibre, again enters the cortical structure, the ascending limb of Henle’s loop. 
(6) It now becomes irregular and angular in outline, the irregular tubule. (7) It 
then becomes convoluted, the distal convoluted tubule. (8) Diminishing in size, 


Fic. 758.—Uriniferous tube. 
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it forms a curve, the curved tubule. (9) Finally it joins a straight tube, the 
straight collecting tube, which is continued downwards through the medullary 
substance to open at the apex of a pyramid. oe. oe 

The Tubuli Urinifert : their S tructure.—The tubuli uriniferi consist o base- 
ment-membrane lined with epithelium. The epithelium varies considerably 
in different sections of the uriniferous tubes. In the neck the epithelium 1s 
continuous with that lining the Malpighian capsule, and like it consists of 
flattened cells each containing an oval nucleus (fig. 758, A). In the proximal 
convoluted tubule and the spiral tubule of. Schachowa the epithelium 15 poa 
in shape, the sides of the cells not being straight, but fitting into each other, an f 
in some animals so fused together that it is impossible to make out the lines o 
junction. In the human kidney the cells often present an angular projection 
of the surface next the basement-membrane. These cells are made up of more 
or less rod-like fibres, which rest by one extremity on the baagjoentm ae 
while the other projects towards the lumen of the tube. This gives to the cells 
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the appearance of distinct striation (Heidenhain) (fig. 758, B). In the descend- 
ing limb of Henle’s loop the epithelium resembles that found in the Malpighian 
capsule and the commencement of the tube, consisting of flat transparent 
epithelial plates with an oval nucleus (figs. 758, 4; 759). In the ascending 
limb, on the other hand, the cells partake more of the character of those 
described as existing in the proximal convoluted tubule, being polyhedral in 
shape, and presenting the same appearance of striation. The nucleus, how- 
ever, is not situated in the centre of the cell, but near the lumen (fig. 758, C). 
After the ascending limb of Henle’s loop becomes narrower upon entering the 
cortical structure, the striation appears to be confined to the outer part o the 
cell; at all events it is much more distinct in this situation ; the nucleus, which 
appears flattened and angular, being still situated near the lumen (fig. 758, D). 
In the irregular tubule, the cells undergo a still further change, becoming very 
angular, and presenting thick bright rods or markings, which render the striation 
much more distinct than in any other section of the urinary tubules (fig. 758, H). 
In the distal convoluted tubule the epithelium appears to be somewhat similar 
to that which has been described as existing in the proximal convoluted tubule, 
but presents a peculiar refractive appearance (fig. 758, B). In the curved tubule, 
just before its entrance into the straight collecting tube, the epithelium varies 
greatly as regards the shape of the cells, some being angular with short 
processes, others spindle-shaped, others polyhedral (fig. 758, B). 


Fig. 759.*—Longitudinal section of Fic. 760.— Longitudinal section of 
Henle’s descending limb. straight tube. 





a. Membrana propria. a, Oylirdrical or cubical epithelium 
b. Epithelium. b. Membrana propria. : 


In the straight tubes the epithelium is more or less columnar: in its 
papillary portion the cells are distinctly columnar and transparent (figs. 760, 
761); but as the tube approaches the cortex the cells are less uniform in shape: 
some are polyhedral, and others angular with short processes (fig. 758, F and a). 

The Renal Blood-vessels.—The kidney is plentifully supplied with blood by 
the renal artery, a large offset of the abdominal aorta. Previously to entering 
the kidney, each artery divides into four or five branches, which are distributed 
to its substance. At the hilus these branches lie between the renal vein and 
ureter, the vein being in front, the ureter behind ; one branch usually lies behind 
the ureter. Each vessel gives off some small branches to the suprarenal 
capsules, the ureter, and the surrounding cellular tissue and muscles. Frequently 
‘there is a second renal artery, which is given off from the abdominal aorta. at a 
lower level, and supplies the lower portion of the kidney. It is termed the 
inferior renal artery. Sometimes an additional artery enters the upper part of 
the kidney. The branches of the renal artery, while in the sinus, give off a few 
twigs for the nutrition of the surrounding tissues, and terminate in the arterie 
proprie renales, which enter the kidney proper in the columns of Bertini. Two 
of these pass to each pyramid of Malpighi, and run along its sides for its entire 


* From the Handbook for the Physiological Laboratory. 
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length, giving off as they advance the afferent vessels of the Malpighian bodies 
in the columns. Having arrived at the bases of the pyramids, they make a bend 
in their course, so as to lie between the bases of the pyramids and the cortical 
arches, where they break up into two distinct sets of branches devoted to the 
supply of the remaining portions of the kidney. 


Fic. 761.—Transverse section of pyramidal substance of kidney of pig, 
the blood-vessels of which are injected. 





a. Large collecting tube, cut across, lined with cylindrical epithelium, b. Branch of collect- 
ing tube, cut across, lined with epithelium with shorter cylinders. c, d. Henle’s loops cut 
across. e. Blood-vessels cut across, pD. Connective-tissue ground-substance. 


The first set, the interlobular arteries (figs. 762, 763, B), are given off at right 
angles from the side of the arteriæ propriz renales looking towards the cortical 
substance, and passing directly outwards between the pyramids of Ferrein they 


Fig. 762.—Diagrammatic sketch of Fic. 763.—A portion of fig. 762 enlarged. 
the blood-vessels of the kidney. (The references are the same.) 
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Sineo Pers Arteriole et vene recte, the latter arising from (a) the plexus at the medullary apex. 





j ] f this part. 

h th sule, where they terminate 1n the capillary network o p 
Tee tees course ey give off lateral branches; these are the aferent 
vessels for the Malpighian bodies (see page 11 13), and, having pierced the capsule, 
end in the Malpighian tufts. From each tuft the corresponding efferent vessel 
arises, and, having made its egress from the capsule near to the point where the 
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afferent vessel entered, breaks up into a number of branches, which form a 
dense plexus around the adjacent urinary tubes (fig. 764). 

The second set of branches from the arterie propriæ renales supply the 
medullary pyramids, which they enter ab their bases; and, passing straight 
through their substance to their apices, terminate in the venous plexuses found 
in that situation. They are called the arterie recte (figs. 762, 763, F). 

The renal veins arise from three sources, viz.: the veins beneath the capsule, 
the plexuses around the convoluted tubules in the cortical arches, and the 
plexuses situated at the apices of the pyramids of Malpighi. The veins beneath 
the capsule are stellate in arrangement, and are derived from the capillary net- 
work of the capsule, into which the terminal branches of the interlobular arteries 
break up. These join to form the veng interlobulares, which pass inwards 
between the pyramids of Ferrein, receive branches from the plexuses around 
the convoluted tubules, and, having arrived at the bases of the Malpighian 
pyramids, join with the vene recte, next to be described (figs. 762, 763, b). 

The vene recte are branches from the plexuses at the apices of the medullary 
pyramids, formed by the terminations of the arteris recta. They pass out- 
wards in a straight course between the tubes of the medullary structure, and 

joining, as above stated, the vens inter- 

Fic. 764.—Diagrammatic representa- lobulares, form the proper renal veins 

tion of the blood-vessels in the sub- (figs. 762, 763, f). 

stance of the cortex of the kidney. These vessels, veng propria renales, 

1 accompany the arteries of the same name, 

—— Es running along the entire length of the sides 

of the pyramids; and, having received in 

their course the efferent vessels from the 

Malpighian bodies in the adjacent cortical 

structure, quit the kidney substance to 

enter the sinus. In this cavity they Join 

the corresponding veins from the other 

pyramids to form the renal vei, which 

emerges from the kidney at the hilus and 

opens into the inferior vena cava; the left 

being longer than the right and crossing in 
front of the abdominal aorta. 

Nerves of the Kidney.—The nerves of the 
kidney, although small, are about fifteen in 

adie a number. They have small ganglia deve- 
mí Dagin of Cometiiamrana > Bijon otie lope”. upon them, and are derived from the 

interlobularis, vf. Vena interlobularis, va. Vas renal plexus,. which is formed by branches 
ME kt ve vat en from the solar plexus, the lower and outer 
Ludwig, in Stricker's * Handbook.’) part of the semilunar ganglion and aortic 
plexus, and from the lesser and smallest 

splanchnic nerves. They communicate with the spermatic plexus, a circum- 
stance which may explain the occurrence of pain in the testicle in affections 
of the kidney. So far as they have been traced, they seem to accompany the 
renal artery and its branches, but their exact mode of termination is not known. 

The lymphatics consist of a superficial and deep set, which terminate in the 
lumbar glands. 

Connective tissue, or intertubular stroma.—Although the tubules and vessels 
are closely packed, a small amount of connective tissue, continuous with the 
capsule, binds them firmly together. This tissue was first described by Goodsir, 
and subsequently by Bowman. Ludwig and Zawarykin have observed distinct 
fibres passing around the Malpighian bodies ; and Henle has seen them between 
the straight tubes composing the medullary structure. 





Surface Form.—The kidneys, being situated at the back part of the abdominal cavity 
and deeply placed, cannot be felt unless enlarged or misplaced. The greater part of each 
kidney lies in the epigastric region, i.e. internal to the mid-Poupart plane, but a small part 
is situated outside this plane, viz. in the hypochondriac region. The lower end of the left 
kidney is usually on a level with the subcostal plane: that of the right extends for about 
half an inch below this plane. The hilus is on a level with Addison’s transpyloric plane. 
The left is somewhat higher than the right. According to Morris, the position of the 
kidney may be thus defined: Antertorly. ‘1. A horizontal line through the umbilicus is 
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in the abdominal wall, over the situation of the organ. Manipulation of the kidney 
frequently produces a peculiar sickening sensation, with sometimes faintness. 

The kidney is mainly held in position by the mass of fatty matter in which it is 
embedded. If this fatty matter is loose or lax or is absorbed, the kidney may become 
movable and may give rise to great pain. This condition occurs, therefore, in badly 
nourished people, or in those who have become emaciated from any cause, and is more 
common in women than in men. It must not be confounded with the floating kidney : 
this is a congenital condition due to the development of a mesonephron, which permits 
the organ to move more or-less freely. The two conditions cannot, however, be distin- 
guished until the abdomen is opened or the kidney explored from the loin. 

The kidney has, of late years, been frequently the seat of surgical interference. It 
may be exposed for exploration or the evacuation of pus (nephrotomy) ; it may be incised 
for the removal of stone (nephro-lithotomy) ; it may be sutured when movable or floating 
(nephrorraphy) ; or it may be removed (nephrectomy). 

The kidney may be exposed either by a lumbar or abdominal incision. The operation 
is best performed by a lumbar incision, except in cases of very large tumours, or of 
wandering kidneys, with a loose mesonephron, on account of the advantages which it 
possesses of not opening the peritoneum, and affording admirable drainage. It may 
be performed either by an oblique, a vertical, or a transverse incision. Perhaps the most 
desirable, as affording the best means for exploring the whole surface of the kidney, is 
an incision from the tip of the last rib, backwards to the edge of the Erector spine. This 
incision must not be quite parallel to the rib, but its posterior end must be at least three- 
quarters of an inch below it, lest the pleura be wounded. This cut is quite sufficient for 
an exploration of the organ. Should it require removal, a vertical incision can be made 
downwards to the crest of the ilium, along the outer border of the Quadratus lumborum. 
The structures divided are, the skin, the superficial fascia with the cutaneous nerves, the 
deep fascia, the posterior border of the External oblique muscle of the abdomen, and the 
outer border of the Latissimus dorsi; the Internal oblique and the posterior aponeurosis 
of the Transversalis muscle ; the outer border of the Quadratus lumborum; the deep layer 
of the lumbar fascia, and the transversalis fascia. The fatty tissue around the kidney is 
now exposed to view and must be separated by the fingers, or a director, in order to reach 
the kidney. 

The abdominal operation is best performed by an incision in the linea semilunaris on 
the side of the kidney to be removed, as recommended by Langenbuch ; the kidney is 
then reached from the outer side of the colon, ascending or descending, as the case may 
be, and the vessels of the colon are not interfered with. If the incision is made in the 
linea alba, the kidney is reached from the inner side of the colon, and the vessels running 
to supply it must necessarily be interfered with. The incision is made of varying length 
according to the size of the kidney, commencing just below the costal arch. The 
abdominal cavity is opened. The intestines are held aside, and the outer layer of the 
mesocolon incised, so that the fingers can be introduced behind the peritoneum and the 
renal vessels sought for. These are then to be ligatured: if tied separately, care must be 
taken to ligature the artery first. The kidney must now be enucleated, and the vessels 
and ureter divided, and the latter tied, or if thought necessary stitched to the edge of the 
wound. The particular advantage of the abdominal operation is that the condition of 
the other kidney can be ascertained by manual examination, before the removal of the 
diseased kidney is finally decided upon. - Kocher, however, states that this exploration can 
be effected through the lumbar incision by incising the peritoneum at the outer margin of 
the wound and inserting the hand across the middle line. 

The operations of nephro-lithotomy, for the removal of calculi from the kidney, and 
nephrotomy, or incision of the kidney for abscess, &c., are generally performed by the 
lumbar incision. 

Nephrorrhaphy is the name given to the operation for fixing a movable kidney. The 
kidney is reached by the lumbar incision, and its posterior surface denuded of its fatty 
capsule. Three stitches of medium thickness are passed through the transversalis 
fascia and muscles and through the cortical portion of the kidney, securing a good hold 
of it. When these sutures are tied, the kidney is tightly anchored in position. 


THE URETERS 


The Ureters are the two tubes which convey the urine from the kidneys to 
the bladder. Each commences within the sinus of the corresponding kidney 
as a number of short cup-shaped tubes, termed calyces or infundibula, which 
encircle the renal papille. Since a single calyx may enclose more than one 
papilla the calyces are generally fewer in number than the pyramids—the 
former varying from seven to thirteen, the latter from eight to eighteen. The 
calyces join to form two or three short tubes, and these unite to form a funnel- 
shaped dilatation, wide above and narrow below, named the pelvis of the kidney 
which is situated behind the renal vessels and lies partly inside and partly 
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cells in contact with the urine—are quadrilateral in shape, with a concave 
margin on their outer surface, into which fits the rounded end of the cells of the 
second layer. These, the intermediate cells, more or less resemble columnar 
epithelium, and are pear-shaped, with a rounded internal extremity which fits 
into the concavity of the cells of the first layer, and a narrow external extremity 
which is wedged in between the cells of the third layer. The external or third 
layer consists of conical or oval cells varying in number in different parts, and 
presenting processes which extend down into the basement-membrane. 

The arteries supplying the ureter are branches from the renal, spermatic, 
internal iliac, and inferior vesical. 

The nerves are derived from the inferior mesenteric, spermatic, and pelvic 
plexuses. 


Surgical Anatomy.—Subeutaneous rupture of the ureter is not a common accident, 
but occasionally occurs from a sharp, direct blow on the abdomen, as from the kick of a 
horse. It may be cither torn completely across or only partially divided, and, as a rule, 
the peritoneum escapes injury. If torn completely across, the urine collects in the retro- 
peritoneal tissues ; if it is not completely divided, the iumen of the tube may become 
obstructed and hydronephrosis or pyonephrosis result. If the injury is diagnosed, the 
divided ureter should be sutured. The lower end is closed by means of a Lembert’s 
suture; and the upper end is implanted into a longitudinal incision made in the lower 
portion, and carefully sutured in that position. The ureter may be accidentally wounded 
in some pelvic operations, such as removal of the uterus; if this should happen the 
divided ends must be sutured together, or, failing to accomplish this, the upper end must 
be implanted into the bladder or the intestine. 


THE PELVIS 


The cavity of the pelvis is that part of the general abdominal cavity which is 
below the level of the linea ilio-pectinea, the promontory of the sacrum behind, 
and the pubic crests in front. 

Boundaries.—-The cavity is bounded, behind, by the sacrum, the coccyx, the 
Pyriformis muscles, and the great sacro-sciatic ligaments; in front and at the 
sides, by the ossa pubis and ischia, covered by the Obturator muscles ; above, it 
communicates with the cavity of the abdomen; and below, the outlet is closed 
by the triangular ligament, the Levatores ani and Coceygei muscles, and the 
visceral layer of the pelvic fascia, which is reflected from the wall of the pelvis 
on to the viscera. 

Contents.— The viscera contained in this cavity are the urinary bladder, the 
rectum, some of the generative organs peculiar to each sex, and some convo- 
lutions of the small intestines: they are partially covered by the peritoneum, 
and supplied with blood-vessels, lymphatics, and nerves. 


THe BLADDER 


The Bladder is a musculo-membranous sac which acts as a reservoir for 
the urine ; and as its size, position, and relations vary according to the amount 
of fluid it contains, it is necessary to study it as it appears: (a) in the empty 
condition, and (b) in the condition of distension. 

The empty bladder-—When hardened in situ, the empty bladder has the form 
of ‘a flattened inverted tetrahedron.’* It presents a base, an apex, a superior 
and an inferior surface. The base is triangular in shape, and is directed 
downwards and backwards towards the rectum, from which it is separated by 
the recto-vesical fascia, the vesicule seminales, and the terminal portions of the 
vasa deferentia. The apex is directed forwards towards the upper part of the 
symphysis pubis, and from it a fibrous cord is continued upwards on the back 
of the anterior abdominal wall to the umbilicus. This cord is named the 
urachus, and represents the fibrous remains of the intra-abdominal part of the 
foetal allantois (see page 151). The peritoneum is carried by it from the apex 
of the bladder on to the abdominal wall to form what is termed the anterior 
or superior false ligament of the bladder. The superior surface is triangular, 


* Dixon, Journal of Anatomy and Physiology, vol. xxxiv. 
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bounded on either side by a lateral border which separates it from the inferior 
surface, and behind by a posterior border which intervenes between it and the 
base, and is represented by a line joining the two ureters. The lateral borders 
extend from the ureters to the bladder apex, and from them the peritoneum 
is carried to the walls of the pelvis as the lateral false ligaments of the bladder. 
On either side of the bladder the peritoneum shows a depression, which is named 
the paravesical fossa. The superior surface is directed upwards, is covered by 
peritoneum, and is in relation with the pelvic colon and some of the coils of the 
small intestine. When the bladder is empty and firmly contracted, this surface 
is convex and the lateral and posterior eats are rounded; whereas if the 
bladder be relaxed it is concave, and the interior of the viscus, as seen in @ 
vertical mesial section, presents the appearance of a V-shaped slit with a shorter 


Fie. 765.—Vertical section of bladder, penis, and urethra. 
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posterior and a longer anterior limb—the apex of the V corresponding with the 
orifice of the urethra. The inferior surface, 1s directed downwards and is 
uncovered by peritoneum. It may be divided into a posterior or prostatic area 
and two antero-lateral surfaces. The prostatic area 18 somewhat triangular: 16 
rests upon and is in direct continuity with the base of the prostate gland; this 
area is usually named the neck of the bladder, and from it the urethra emerges. 
The so-called neck or cervix of the bladder corresponds with the commencement 
of the urethra. There is, however, no tapering part which would constitute 
a true neck, but the bladder suddenly contracts to the opening of the urethra. 
The infero-lateral portions of the inferior surface are directed downwards and 
outwards: in front, they are separated from the symphyer pubis by a mass 
of fatty tissue which is named the retro-pubic pad ; behind, they are in contact 


with the fascia which covers the Levatores ani muscles. 402 
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When the bladder is empty it is placed entirely within the pelvis, below 
the level of the obliterated hypogastric arteries, and below the level of those 
portions of the vasa deferentia which are in contact with the lateral wall of the 
pelvis ; after they cross the ureters the vasa deferentia come into contact with 
the base of the bladder. As the viscus becomes filled, its base, being more or 
less fixed, is only slightly depressed ; while its superior surface gradually rises 
into the abdominal cavity, carrying with it its peritoneal covering, and at the 
game time rounding off the posterior and lateral borders. 

The distended bladder—When the bladder is moderately full it contains 
about a pint and assumes an oval form; the long diameter of the oval measures 
about five inches and is directed upwards and forwards. In this condition 
it presents a postero-superior, an antero-inferior, and two lateral surfaces, a 
summit and a base. The postero-superior surface is directed upwards and 
backwards, and is covered by peritoneum: behind, it is separated from the 
rectum by the recto-vesical pouch of peritoneum, while its anterior part is in 
contact with the coils of the small intestine. The antero-inferior surface 1s 
devoid of peritoneum, and rests, below, against the pubic bones, above which 
it is in contact with the back of the anterior abdominal wall, where it may 
be punctured or incised without opening into the peritoneal cavity. The lower 
parts of the lateral surfaces are destitute of peritoneum, and are in contact with 
the lateral walls of the pelvis. When the bladder is distended, the line of peri- 
toneal reflection from the lateral surface is raised to the level of the obliterated 
hypogastric artery. The base or fundus undergoes little alteration in position, 
being only slightly lowered. It exhibits, however, a narrow triangular area, 
which is merely separated from the rectum by the recto-vesical fascia. This 
area is bounded below by the prostate, above by the recto-vesical fold of 
peritoneum, and laterally by the vasa deferentia. The line of reflection of the 
peritoneum from the rectum to the bladder appears to undergo little or no 
change when the latter is distended ; it is situated about four inches from the 
anus. The vasa deferentia frequently come in contact with each other above 
the prostate, and under such circumstances the lower part of the triangular 
area is obliterated. The summit is directed upwards and forwards above the 
point of attachment of the urachus, and hence the peritoneum, which follows 
the urachus, forms a pouch of varying depth between the summit of the bladder 
and the anterior abdominal wall. The bladder varies in position with the 
condition of the rectum, being pushed upwards and forwards when the latter 
is distended. 

The bladder in the child.—In the new-born child the urethral orifice of the 
bladder is at the level of the upper border of the symphysis pubis; the bladder 
therefore lies relatively at a much higher level in the infant than in the adult. 
Its anterior surface is ‘in contact with about the lower two-thirds of that part of 
the abdominal wall which lies between the symphysis pubis and the umbilicus ’ 
(Symington*). Its posterior surface is clothed with peritoneum as far as the 
level of the orifice of the urethra. Although the bladder of the infant is usually 
described as an abdominal organ, Symington has pointed out that only about 
one-half of it lies above the plane of the pelvic inlet. Disse maintains that the 
urethral orifice sinks rapidly during the first, three years, and then more slowly 
until the ninth year, after which it remains stationary until puberty, when it 
again slowly descends and reaches its adult position. 

The female bladder.—In the female, the bladder is in relation behind with the 
uterus and the upper part of the vagina. It is separated from the anterior 
surface of the body of the uterus by the recto-vesical pouch of peritoneum, but 
below the level of this pouch it is connected to the front of the cervix uteri and 
the upper part of the anterior wall of the vagina by areolar tissue. When the 
bladder is empty the uterus rests upon its superior surface. The female bladder 
is said by some to be more capacious. than that of the male, but probably the 
opposite is the case. 

Ligaments.—The bladder is retained in its place by ligaments, which are 
divided into true and false. The true ligaments are five in number: two anterior, 
twe lateral, and the urachus. The false ligaments, also five in number, are 
formed by folds of the peritoneum. 


* The Anatomy of the Child. 
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The anterior true ligaments (pubo-prostatic) extend from the back of the pubic 
bones, one on either side of the symphysis, to the front of the neck of the bladder, 
over the anterior surface of the prostate gland. These ligaments are formed by 
- <praes fascia, and contain a few muscular fibres prolonged from the 

adder. 

The lateral true ligaments, also formed by the recto-vesical fascia, are broader 
and thinner than the preceding. They are attached to the lateral parts of the 
prostate, and to the sides of the base of the bladder. 

The wrachus is the fibro-muscular cord already mentioned, extending between 
the summit of the bladder and the umbilicus. It is broad below, at its attach- 
ment to the bladder, and becomes narrower as it ascends. 


Fre. 766.—Vertical median section of the male pelvis. (Henle.) 
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The false ligaments of the bladder are two posterior, two lateral, and one 
anterior or superior. : 
The two poatiior pass forwards from the sides of the rectum to the poetam 
and lateral aspect of the bladder, and form the lateral boundaries of the recto- 
esi h of the peritoneum. | 
a A Hanens are reflections of the peritoneum, from the lateral 
walls of the pelvis to the sides of the bladder. 


The anterior or superior ligament (ligamentum suspensorium) 1S the fold of 


peritoneum extending from the summit of the bladder to the abdominal wall. 


om the bladder by the urachus. 
7 y lad, ie Bladder is sees of four coats: serous, muscular sub- 


mucous, and mucous. 
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The serous coat is a partial one, and is derived from the peritoneum. It 
invests the superior surface and the upper part of the lateral surfaces, and is 
reflected from these parts on to the abdominal and pelvic walls. 

The muscular coat consists of three layers of unstriped muscular fibres : 
an external layer, composed of fibres having for the most part a longitudinal 
arrangement ; a middle layer, in which the fibres are arranged, more or less, in 
a circular manner; and an internal layer, in which the fibres have a general 
longitudinal arrangement. l 

The fibres of the external longitudinal layer arise from the posterior surface 
of the body of the os pubis in both sexes (musculi pubo-vesicalis), and in the male 
from the adjacent part of the prostate gland and its capsule. They pass, in a 
more or less longitudinal manner, up the anterior surface of the bladder, over its 
apex, and then descend along its posterior surface to its base, where they become 
attached to the prostate in the male, and to the front of the vagina in the female. 
At the sides of the bladder the fibres are arranged obliquely and intersect one 
another. This layer has been named the Detrusor wrine muscle. 

The fibres of the middle circular layer are very thinly and irregularly scattered 
on the body of the organ, and though to some extent placed transversely to the 
long axis of the bladder, are for the most part arranged obliquely. Towards the 
lower part of the bladder, round the cervix and commencement of the urethra, 
they are disposed in a thick circular layer, forming the sphincter vesicæ, which is 
continuous with the muscular fibres of the prostate gland. 


Fie. 767.—Superficial layer of the epi- Fre. 768.—Deep layers of epithelium 
thelium of the bladder. Composed of of bladder, showing large club-shaped 
polyhedral cells of various sizes, each cells above, and smaller, more spindle- 
with one, two, or three nuclei. (Klein shaped cells below—each with an oval 
and Noble Smith.) nucleus. (Klein and Noble Smith.) 





The internal longitudinal layer is thin, and its fasciculi have a reticular 
arrangement, but with a tendency to assume for the most part a longitudinal 
direction. 

Two bands of oblique fibres, originating behind the orifices of the ureters, 
converge to the back part of the prostate gland, and are inserted, by means of a 
fibrous process, into the middle lobe of that organ. They are the muscles of 
the ureters, described by Sir C. Bell, who supposed that during the contraction 
of the bladder they serve to retain the oblique direction of the ureters, and so 
prevent the reflux of the urine into them. 

The submucous coat consists of a layer of areolar tissue, connecting together 
the muscular and mucous coats, and intimately united to the latter. 

The mucous coat is thin, smooth, and of a pale rose colour. It is continuous 
above through the ureters with the lining membrane of the uriniferous tubes, and 
below with that of the urethra. It is connected loosely to the muscular coat by 
a layer of areolar tissue, and is therefore thrown into folds or rug@ when the 
bladder is empty. Over the trigonum vesicw the mucous membrane is closely 
attached to the muscular coat, and is not thrown into folds, but is smooth and 
flat. The epithelium covering it is of the transitional variety, consisting of 
a superficial layer of polyhedral flattened cells, each with one, two, or three 
nuclei; beneath these, a stratum of large club-shaped cells, with tneir narrow 
extremities directed downwards and wedged in between smaller spindle-shaped 
cells, containing an oval nucleus (figs. 767, 768). There are no true glands 
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in the mucous membrane of the bladder, though certain mucous folli 
exist, especially near the neck of the bladder, — been repartee ae = 

Objects seen on the inner surface.—Upon the inner surface of the bladder are 
est the orifices of the ureters, the trigone, and the commencement of the 
urethra, 

The orifices of the ureters.—-These are situated at the base of the trigone, and 
are about two inches apart when the bladder is distended ; they are about an 
patie lg a half from the base of the prostate and the commencement of the 
urethra. 

_ The trigone of the bladder (trigonum vesice) is a triangular smooth surface 
with the apex directed forwards, situated at the base of the bladder, immediately 
behind the urethral orifice. It is paler in colour than the rest of the interior, 
and never presents any rugæ, even in the collapsed condition of the organ, 
owing to the intimate adhesion of its mucous membrane to the subjacent tissue. 
It is bounded at each posterior angle by the orifice of the ureter, and in front by 
the orifice of the urethra. A band of non-striped muscular fibres passes across 
between the terminations of the ureters, and forms what is sometimes named 
the ligamentum uretericum. When the bladder is illuminated, this presents the 
appearance of a pale ridge leading to the opening of the ureter on either side ; 
it therefore coustitutes an important guide in the operation of introducing m 
catheter into the ureter. Projecting from the lower and anterior part of the 
bladder, and reaching to the orifice of the urethra, is a slight elevation of mucous 
membrane, called the uvula vesice. It is formed by a thickening of the sub- 
mucous tissue. 

The arteries supplying the bladder are the superior, middle, and inferior 
vesical in the male, with additional branches from the uterine and vaginal in the 
female. They are all derived from the anterior trunk of the internal iliac. The 
obturator and sciatic arteries also supply small visceral branches to the bladder. 

The veins form a complicated plexus round the neck, sides, and base of the 
bladder, and terminate in the internal iliac veins. 

The lymphatics form two plexuses, one in the muscular and another in the 
submucous coat; they are most numerous in the neighbourhood of the trigone. 
They accompany the blood-vessels, and ultimately terminate in the internal iliac 
lands. 

y The nerves are derived from the pelvic plexuses of the sympathetic and from 
the third and the fourth sacral nerves; the former supplying the upper part of 
the organ, the latter its base and neck. According to F. Darwin the sympathetic 
fibres have ganglia connected with them, which send branches to the vessels and 
muscular coat. 


Surface Fornu.—The surface form of the bladder varies with its degree of distension 
and under other circumstances. In the young child it is represented by a conical figure, 
the apex of which, even when the viscus is empty, is situated in the hypogastric region, 
above the level of the symphysis pubis. In the adult, when the bladder is empty, lts 
apex does not reach above the level of the upper border of the symphysis pubis, and the 
whole organ is situated in the pelvis; the neck, in the male, corresponding to a line 
drawn horizontally backwards, through the symphysis å little below its middle. As the 
bladder becomes distended it gradually rises out of the pelvis into the abdomen and forms 
a swelling in the hypogastric region, which is perceptible to the hand, as well as to 
percussion. In extreme distension it reaches into the umbilical region. Under these 
circumstances the lower part of its anterior surface, for a distance of about we inches 
above the symphysis pubis, is closely applied to the abdominal wall, without hess aan 
vention of peritoneum, so that it can be tapped by an opening mM the a Nh P 
above the symphysis pubis, without any fear of wounding the serous mem wane n Te 
the rectum is distended, the prostatic portion of the urethra is elongated and ote i a 
lifted out of the pelvis and the peritoneum pushed upwards. Advantage ay si 7 p 
by some surgeons in performing the operation of suprapubic eystotomy. — : e p is 
distended by an indiarubber bag, which 1s introduced into this cavity ve oh E A olf 
Aled with ton or twelve ounces of water. If now the bladder is injected with ASA: i 
a pint of some antiseptic fluid, it yw ea oh y ie me aaa E ero 
sight and touch. The peritoneum will be pus c he ‘aie aie u wards, without 
inches long may be made 1n the linea alia, inam iae, EYP aI bic bt ii comple ment 

ak of wounding the peritoneum. Other surgeons object 00 menpa 
A a a as its use 18 a anattended with risk, and because ıt JA A E. A ies 
prostatic sinuses and produces congestion of the vessels over the bladder and a good dea 


of venous hemorrhage. 
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When distended the bladder can be felt in the male, from the rectum, behind the 
prostate, and fluctuation can be perceived by a bimanual examination, one finger being 
introduced into the rectum and the distended bladder tapped on the front of the abdomen 
with the finger of the other hand. This portion of the bladder—that is, the portion felt 
in the rectum by the finger—is also uncovered by peritoneum, and the bladder may here 
be punctured from the rectum, in the middle line, without risk of wounding the serous 
membrane. 

Surgical Anatomy.—-A defect of development, in which the bladder is implicated, is 
known under the name of extroversion of the bladder. In this condition the lower part 
of the abdominal wall and the anterior wall of the bladder are wanting, so that the 
posterior surface of the bladder presents on the abdominal surface, and is pushed forwards 
by the pressure of the viscera within the abdomen, forming a red vascular tumour, on 
which the openings of the ureters are visible. The penis, except the glans, is rudimentary 
and is cleft on its dorsal surface, exposing the floor of the urethra, a condition known as 
epispadias. The pelvic bones are also arrested in development (see page 312). 

The bladder may be ruptured by violence applied to the abdominal wall, when the 
viscus is distended, without any injury to the bony pelvis, or it may be torn in cases 
of fracture of the pelvis. The rupture may be either intraperitoneal or cxtraperitoneal : 
that is, may implicate the superior surface of the bladder in the former case, or one of 
the other surfaces in the latter. Rupture of the antero-inferior surface alone is, how- 
ever, very rare. Until recently intraperitoneal rupture was uniformly fatal, but now 
abdominal section and suturing the rent with Lembert’s suture is resorted to, with a very 
considerable amount of suecess. The sutures are inserted only through the peritoneal 
and muscular coats in such a way as to bring the serous surfaces at the margins of the 
wound into apposition, and one is inserted just beyond each end of the wound. The 
bladder should be tested as to whether it is water-tight before closing the external 
incision. 

The muscular coat of the bladder undergoes hypertrophy in cases in which there 
is any obstruction to the flow of urine. Under these circumstances the bundles of 
which the muscular coat consists become much increased in size, and, interlacing in 
all directions, give rise to what is known as the fasciculated bladder. Between these 
muscular bundles the mucous membrane may bulge out, forming sacculi, constituting 
the sacculated bladder, and in these little pouches phosphatic concretions may collect, 
forming encysted calculi. The mucous membrane is very loose and lax, except over 
the trigone, to allow of the distension of the viscus. 

Various forms of tumour have been found springing from the wall of the bladder. 
The innocent tumours are the papilloma and the mucous polypus arising from the 
mucous membrane ; the fibrous, from the submucous tissue; and the myoma. originating 
in the muscular tissuc ; and, very rarely, dermoid tumours, the exact origin of which it 1s 
difficult to explain. Of the malignant tumours, epithelioma is the most cominon, but 
sarcoma is occasionally found in the bladder of children. 

In doubtful cases, the cystoscope may prove to be an aid in diagnosis. This instru- 
ment consists of a tube in which is fixed a small electric light, the wires of which run 
through the shaft of the instrument. Upon introducing this down the urethra, the 
bladder can be examined with the eye, and a villous growth or other tumour, a calculus, 
or an ulcer can be detected; or the orifices of the ureters can be examined, and renal 
hematuria diagnosed, and the kidney from which the blood comes definitely settled. 
Again, the presence of minute tuberculous ulceration near the mouth of the ureter on the 
affected side may establish the diagnosis, not only of tuberculous kidney, but also of the 
side in which the disease is located. Caspar has utilised the cystoscope in catheterising 
the ureter, by causing a groove to be made on one side of the shaft of the instrument, 
along which a fine bougie can be passed. The mouth of the urcter is first found by the 
surgeon, and the bougie then projected into the field of vision and guided directly into 
the opening. 

Puncture of the bladder may be performed either above the symphysis pubis or 
through the rectum, in both cascs without wounding the peritoncum. The former plan 
is generally to be preferred, since in puncture by the rectum a permanent fistula may be 
left from abscess forming between the rectum and the bladder; or pelvic cellulitis may 
be set up; moreover, it is exceedingly inconvenient to keep a cannula in the rectum. In 
some cases, in performing this operation the recto-vesical pouch of peritoneum has been 
wounded, inducing fatal peritonitis. The operation, therefore, has been almost completely 
abandoned. 

Access to the bladder, for the purpose of removing calculi, tumours, and portions of 
the prostate in enlargement of that organ, is almost always effected by the suprapubic 
route in the prosent day, the old perineal operation being now rarely resorted to. In 
the female, owing to the shortness of the urethra and ready dilatability, calculi and 
foreign bodies and new growths, when of small size, may be removed by the urethral 
route. 

Suprapubic cystotomy is performed by first injecting ten or twelve ounces of some 
weak antiseptic fluid into the bladder. Then, with or without distending the rectum 
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(vide supra), » vertical median incision is made in the hypogastric regi 

to four inches in length, immediately above the aynipi aid oxtarided N 9 
Pyramidales and Recti muscles until the transversalis fascia is reached. This is divided 
and some fatty tissue cxposed (space of Retzius). Upon separating this, the anterior 
surface of the bladder will be exposed and will be recognised by its muscular fibres. A 
needle on a handle should be passed through its coats on either side of the spot BOT ted 
i ok oS dak a bs ge pieces of silk eae The bladder is incised between 

ese stays, which are he an assistant and form a useful gui ee 

bladder when the fluid has ace. PEN raSeey| ARo ee eee 
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The urethra in the male extends from the neck of the bladder to the meatus 
urinarius at the end of the ponis. It presents a double eurve in the ordinary 
relaxed state of the penis (fig. 765). Its length varies from seven to eight inches ; 
and it is divided into three portions, the prostatic, membranous, and spongy, the 
structure and relations of which are essentially different. Except during the 
passage of the urine or semen, the urethra is a mere transverse cleft or slit, with 
its upper and under surfaces in contact. At the meatus urinarius the slit is 
vertical, and in the prostatic portion somewhat arched. 

The prostatic portion is the widest and most dilatable part of the canal. It 
passes through the prostate gland, from its base to its apex, lying nearer its 
anterior than its posterior surface. It is about an inch and a quarter in length ; 
the form of the canal is spindle-shaped, being wider in the middle than at either 
extremity, and narrowest below, where it joins the membranous portion. A 
transverse section of the canal as it lies in the prostate 1s horse-shoe in shape, 
the convexity being directed forwards (fig. 770), since the direction of the canal 
is nearly vertical. 

Upon the posterior wall or floor of the canal is a narrow longitudinal ridge, 
the verwnontanum, or caput gallinaginis, formed by an elevation of the mucous 
membrane and its subjacent tissue. It is eight or nine lines in length, and a line 
and a half in height; and contains, according to Kobelt, muscular and erectile 
tissues. When distended, it may serve to prevent the passage of the semen 
backwards into the bladder. On each side of the verumontanum is a slightly 
depressed fossa, the prostatic sinus, the floor of which is perforated by numerous 
apertures, the orifices of the prostatic ducts from the lateral lobes of the gland ; 
the ducts of the middle lobe open behind the verumontanum. At the fore part 
of the verumontanum, in the middle line, is a depression, the sinus pocularts 
(vesicula prostatica); and upon or within its margins are the slit-like openings of 
the ejaculatory ducts. The sinus pocularis forms a cul-de-sac about a quarter 
of an inch in length, which runs upwards and backwards in the substance of the 
prostate behind the middle lobe ; its prominent anterior wall partly forms the 
verumontanum. Its walls are composed of fibrous tissue, muscular fibres, and. 
mucous membrane, and numerous small glands open on its inner surface. It 
has been called by Weber, who discovered it, the Uterus masculinus, from its 
being developed from the united lower ends of the atrophied Millerian ducts, 
and therefore homologous with the uterus and yagina in the female. 

The membranous portion of the urethra extends between the apex of the 
prostate and the bulb of the corpus spongiosum. It is the narrowest part of the 
canal (excepting the meatus), and measures three-quarters of an inch along its 
upper, and half an inch along its lower surface, 1n consequencé of the bulb 
projecting backwards beneath it. Its anterior concave surface 1s placed about 
an inch below and behind the pubic arch, from which it is separated by the 
dorsal vessels and nerves of the penis, and some muscular fibres. Its posterior 
convex surface is separated from the rectum by a triangular space, which 
constitutes the perinæum. The membranous portion of the urethra lies between 
the inferior and superior layers of the triangular ligament. As it Bere 
inferior layer, the fibres around the opening are prolonged over the tube. It 1s 
algo surrounded by the Compressor urethre muscle. 


The spongy portion is the longest part of the urethra, and is contained im 
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the corpus spongiosum. Tt is about six inches in lengtn, and extends from the 


termination of the membranous portion to the meatus urinarius. Commencing 
just below the triangular ligament, it passes forwards for a shoft distance ; and 
then, in the flaccid condition of the penis, 1t bends downwards and forwards. It 
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is narrow, and of uniform size in the body of the penis, measuring about a 
quarter of an inch in diameter; being dilated behind, within the bulb ; and 
again anteriorly within the glans penis, where it forms the fossa navicularis. 
The bulbous portion is a name given, in some descriptions of the urethra, to 
the posterior part of the spongy portion contained within the bulb. 
The meatus wrinarius is the most contracted part of the urethra ; it is a 
vertical slit, about three lines in length, hounded on each side by two small labia. 
The inner surface of the lining membrane of the urethra, especially on the 
floor of the spongy portion, presents the orifices of numerous mucous glands and 
follicles situated in the submucous 
lic. 769.~-The male urethra, laid open on its tissue, and named the glands of Littré. 
anterior (upper) surface. (Testut.) Besides these there are a number 
of small pit-like recesses, or lacuna, 







Bn of varying sizes. Their orifices are 

Veru- es directed forwards, so that they may 
montanum ~ NÈ Ç easily intercept the point of a catheter 
Prostule—— I ak in its passage along the canal. One 


of these lacunæ, larger than the rest, 
is situated on the upper surface of 
Membranous the fossa navicularis, about an inch 

portion and a half from the orifice; it 1s 
called the lacuna magna. Into the 
bulbous portion are found opening 
the ducts of Cowper’s glands. 

Structure.—-The urethra is com- 
posed of a continuous mucous mem- 
brane, supported by a submucous 
tissue which connects it with the 
various structures through which it 
passes. 

The mucous coat forms part of the 
genito-urinary mucous membrane. It 
is continuous with the mucous mem- 
brane of the bladder, ureters, and 
kidneys ; externally, with the integu- 
ment covering the glans penis; and 
is prolonged into the ducts of the 
glands which open into the urethra, 
viz. Cowper’s glands and the prostate 
gland; and into the vasa deferentia 
and vesiculæ seminales, through the 
‘ejaculatory ducts. In the spongy 
and membranous portions the mucous 
membrane is arranged in longitudinal 
Fossa. folds when the tube is empty. Small 
navicularis papillæ are found upon it, near the 

orifice ; and its epithelial lining is of 
the columnar variety, excepting near 
the meatus, where it is squamous. 
The submucous tissue consists of 
a vascular erectile layer; outside which is a layer of unstriped muscular fibres, 
arranged in a circular direction, which separates the mucous membrane and 
submucous tissue from the tissue of the corpus spongiosum. 

Surgical Anatomy.—The urethra may be ruptured by the patient falling astride of 
any hard substance and striking his perineum, so that the urethra is crushed against the 
pubic arch. Bleeding will at once take place from the urethra, and this, together with the 
bruising in the perineum and the history of the accident, will point to the nature of the 
wyury. 

The surgical anatomy of the urethra is of considerable importance in connection with 
the passage of instruments into the bladder. Otis was the first to point out that the 
urcthra is capable of great dilatability, so that, excepting through the external meatus, 
an instrument corresponding to 18 English gauge (29 French) can usually be passed 
Without damage. The orifice of the urethra is not so dilatable, and therefore frequently 
requires slitting. A recognition of this dilatability caused Bigelow to very considerably 
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modify the operation of lithotrity and introduce that of litholapaxy. In passing catheters, 
especially fine ones, the point of the instrument should be kept us far as possible along 
the upper wall of the canal, as it is otherwise very liable to enter one of the lacune. 
Stricture of the urethra is a disease of very common occurrence, and is generally situated 
in the spongy part of the urethra, most commonly in the bulbous portion, just in front 
of the membranous urethra, but in a very considerable number of cases in the penile or 
ante-scrotal part of the canal. 

Congenital defects of the urethra occur occasionally. The one most frequently met 
with is where there is a cleft on the floor of the urethra owing to an arrest'of union in the 
middle line. This is known as hypospadias, and the cleft may vary in extent. The 
simplest, and by far the most common form, is where the deficiency is confined to the 
glans penis. The urethra ends at the point where the extreiity of the prepuce joins 
the body of the penis in a small valve-like opening. The prepuce is also cleft on its 
under surface and forms a sort of hood over the glans. There is a depression on the 
glans in the position of the normal meatus. This condition produces no disability and 
requires no treatment. In more severe cases the penile portion of the urethra is cleft 
throughout its entire length, and the opening of the urethra is at the point of junction 
of the penis and scrotum. The under surface of the penis in the middle line presents a 
furrow lined by a moist mucous membrane, on either side of which is often more or less 
dense fibrous tissue stretching from the glans to the opening of the urethra, which 
prevents complete erection taking place. Great discomfort is induced during micturition, 
and connection is impossible. The condition may be remedied by a series of plastic 
operations, but these should not be attempted until the patient has reached the age of 

uberty. 

A The worst form of this condition is where the urethra is deficient as far back as the 
perinæum, and the scrotum is cleft. The penis is small and bound down between the 
two halves of the scrotum, so as to resemble an hypertrophied clitoris. The testicles 
are often retained. The condition of parts, therefore, very much resembles the external 
organs of generation of the female, and malc children the victims of this malformation 
have been brought up as girls. The halves of the scrotum, deficient of testicles, resemble 
the labia, the cleft between them locks like the orifice of the vagina, and the diminutive 
penis is taken for an enlarged clitoris. There is no remedy for this condition. 

A much more uncommon form of malformation is where there is an apparent 
deficiency of the upper wall of the urethra. This is named epispadias, and would appear 
to be really a deficiency of the lower wall of the urethra, with torsion of. the penis. The 
deficiency may vary in extent; when it is complete the condition is associated with 
extroversion of the bladder (see page 1128). In less extensive cascs, where there is no 
extroversion, there is an infundibuliform opening into the bladder. The penis is usually 
dwarfed and turned upwards, so that the glans lies over the opening. Eor the relief of 
this condition, Cantwell has introduced a most ingenious operation. 
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The female urethra is a narrow membranous canal, about an inch and D half 
in length, extending from the neck of the bladder to the meatus urinarius. It is 
placed beneath the symphysis pubis, embedded in the anterior wall of the vagina 
and its direction is obliquely downwards and forwards, its course being slightly 
curved, the concavity directed forwards and upwards. Its diameter when 
undilated is about a quarter of an inch. The urethra perforates the piantana 
ligament, and its external orifice is situated directly in front of the vagina 
opening and about an inch behind the glans clitoridis. _ be” 

Structure.—The urethra consists of three coats : muscular, erectile, and mucous. 

The muscular coat is continuous with that of the bladder; it extends the 
whole length of the tube, and consists of a circular stratum of aaa Shap 
In addition to this, between the two layers of the triangular ligament, the female 
urethra is surrounded by the Compressor urethræ, as in the male. al . 

A thin layer of spongy erectile tissue, containing % plexus g Fe as veingi 
intermixed with bundles of unstriped muscular fibre, lies immediately benea 
ae a oni is pale, continuous externally with that of sae ala = 
internally with that of the bladder. It is thrown into longitudina olds, ale 2 
which, placed along the floor of the canal, resembles the verumontanum in = 
male urethra. It is lined by laminated epithelium, which becomes transitiona 
near the bladder. Its external orifice `g surrounded by a few mucous follicles. 


» resisting structures, as in the male, 
m not being surrounded by dense resisting res, 1c 
wan of “marked dilatation, Svhich enables the surgeon to fem with considerable 
facility, calculi, or other foreign bodies, from the cavity of the bladder, 
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THE PROSTATE GLAND 


IMHE Prostate Gland (rpoternyu, to stand before) is a firm, partly glandular 
Í anà partly muscular body, which is placed immediately below the neck of 
the bladder and around the commencement of the urethra. It is situated in the 
pelvic cavity, behind the lower part of the symphysis pubis, above the deep 
layer of the triangular ligament, and in front of the rectum, through which 
it may be distinctly felt, especially when enlarged. It is about the size of a 


Fic. 770.—Transverse section of the prostate gland ; showing the urethra, 
with the eminence of the caput gallinaginis; beneath it the sinus pocularis 
and ejaculatory ducts. (Enlarged.) 
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chestnut and somewhat conical in shape, and presents for examination a base, 
an apex, an anterior, a posterior and two lateral surfaces. 

The base is directed upwards, and is applied to the under surface of the 
bladder. The greater part of this surface is directly continuous with the 
a wall: the urethra penetrates it nearer its anterior than its posterior 
order. 

The apex is directed downwards, and is in contact with the deep layer of 
the triangular ligament, which it touches. 
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The posterior surface is flattened from side to side and convex from above 
downwards; it rests on the rectum, and is distant about an inch and a half 
from the anus. Near its upper border there is a depression through which 
the two common ejaculatory ducts enter the prostate. This depression serves 
to divide the posterior surface into a lower larger and an upper smaller part. 
The upper smaller part constitutes the middle lobe of the prostate and intervenes 
between the ejaculatory ducts and the urethra; it varies greatly in size, and 
in some cases is destitute of glandular tissue. The lower larger portion some- 
times presents a shallow median furrow, which imperfectly separates it into two 
lateral lobes: these form the main mass of the gland and are directly continuous 
with each other behind the urethra. In front of the urethra they are connected 
by a band which is named the anterior commissure: this consists of the same 
tissues as the capsule and is devoid of glandular substance. 

The anterior surface measures about an inch from above downwards, but is 
narrow and convex from side to side. It is placed about three-quarters of an 
inch behind the pubic symphysis, from which it is separated by a plexus of 
veins and a quantity of loose fat. It is connected to the pubic bone on either 
side by the pubo-prostatic ligaments. The urethra emerges from this surface 
a little above and in front of the apex of the gland. 

The lateral surfaces are prominent, and- are covered by the anterior portions 
of the Levatores ani muscles, which are, however, separated from the glan 
by a plexus of veins. ; 

The prostate measures about an inch and a half transversely at the base, 
three-quarters of an inch in its antero-posterior diameter, and an inch and 
a quarter in its vertical diameter. Its weight is about four and a half drachms. 
It is held in its position by the anterior ligaments of the bladder (pubo- 
prostatic); by the deep layer of the triangular ligament, which invests the 
commencement of the membranous portion of the urethra and prostate gland ; 
and by the anterior portions of the Levatores ani muscles, which pass backwards 
from the os pubis and embrace the sides of the prostate. These portions of 
the Levatores ani, from the support they afford to the prostate, are named the 

ator prostate. l 
— A gland is perforated by the urethra and the ejaculatory ducts. 
The urethra usually lies along the junction of its anterior with its middle third. 
The ejaculatory ducts pass obliquely downwards and forwards through the 
posterior part of the prostate, and open into the prostatic portion of the urethra. 

Structure.—The prostate is immediately enveloped by a thin but firm fibrous 
capsule, distinct from that derived from the recto-vesical fascia, and separated 
from it by a plexus of veins. This capsule is firmly adherent to the prosiale 
and is structurally continuous with the stroma of the gland, being composec 
of the same tissues, viz. non-striped muscle and fibrous tissue. The substange 
of the prostate is of a pale reddish-grey colour, of great density, and not easily 
torn. It consists of glandular substance and muscular tissue. 

The muscular tissue, according to Kölliker, constitutes the proper staan O 
the prostate; the connective tissue being very scanty, and npg ‘omingat in 
trabeculæ between the muscular fibres, 1n which the vessels and nerves of the 

‘fy. The muscular tissue is arranged as follows: immediately beneath 
gr nt — E a dense layer, which forms an investing sheath for ee 
hra, as it lies in the prostate, is another 
gland; secondly, around the urethra, z tithe tean lec me 
layer of circular fibres, continuous above willl i. 
musoula coat of the bladder, and below blending with Oe to o aone 
mbranous portion of the urethra. e i ; t: 
banda of muscular tissue, which deense fg at part the gland which 
ructure of the organ 1s embe „1m | | 
pl an front of the urethra the ce ore ey cone ie 
Gump ised Sie e GA ie N a ee. which is densest 
yah Edo te is, near the bladder—becoming looser and more 
; x of the organ. | 
ag y~ eel 7 composed of numerous follicular pouches, opening 
Si ‘ch join to form from twelve to twenty small excretory 
into n ape: mien? 3 nea together by areolar tissue, supported by 
olltele 
ISEO from the fibrous capsule and muscular stroma, and enclosed in 
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a delicate capillary plexus. The epithelium which lines the canals and the 
terminal vesicles is of the columnar variety. The prostatic ducts open into the 
floor of the prostatic portion of the urethra. : 

Vessels and Nerves.—The arteries supplying the prostate are derived from 
the internal pudic, vesical, and hemorrhoidal. Its veins form a plexus around 
the sides and base of the gland; they receive in front the dorsal vein of the 
penis, and terminate in the internal iliac veins. The nerves are derived from 
the pelvic plexus. 


Surgical Anatomy.—The relation of the prostate to the rectum should be noted: by 
means of the finger introduced into the gut, the surgeon detects enlargement or other 
disease of this organ; he can feel the apex of the gland, which is the guide to Cock’s 
operation for stricture; he is enabled also by the same means to direct the point of a 
catheter, when its introduction is attended with difficulty either from injury or disease of 
the membranous or prostatic portions of the urethra. When the finger is introduced 
into the bowel, the surgeon may, in some cases, especially in boys, learn the position, as 
well as the size, of a calculus in the bladder ; and in the operation for its removal, if, 
as is not infrequently the case, it should be lodged behind an enlarged prostate, it may 
be displaced from its position by pressing upwards the base of the bladder from the 
rectum. ‘The prostate gland is occasionally the scat of suppuration, due either to injury, 
gonorrhcea, or tuberculous disease. The gland is enveloped in a dense unyielding capsule, 
which determines the course of the abscess, and also explains the great pain which is 
present in the acute form of the disease. The abscess most frequently bursts into the 
urethra, the direction in which there is least resistance, but may occasionally burst into 
the rectum, or more rarely in the perineum. In advanced life the prostate sometimes 
becomes considerably enlarged and projects into the bladder so as to impede the passage 
of the urine. According to Messer’s researches, conducted at Greenwich Hospital, it 
would seem that such obstruction exists in 20 per cent. of all men over sixty years of age. 
In some cases the condition affects principally the lateral lobes, which may undergo 
considerable enlargement without causing much inconvenience. In other cases it would 
seem that the middle lobe enlarges most, and even a small enlargement of this lobe may 
act injuriously, by forming a sort of valve over the urethral orifice, preventing the passage 
of the urine; and the more the patient strains, the more completely will it block the 
opening into the urethra. In consequence of the enlargement of the prostate, a pouch is 
formed at the base of the bladder behind the projection, in which urine collects, and 
cannot be entirely expelled. It becomes decomposed and ammoniacal, and leads to 
cystitis. For this condition ‘ prostatectomy ’ is sometimes done. The bladder is opened 
by an incision above the symphysis pubis, the mucous membrane incised, and in those 
cases where the enlargement is due to encapsuled masses—adenomata or fibro-myomata— 
within the prostate, these can be shelled out without much difficulty. In other cases 
where there is a general hypertrophy of all the tissues of the prostate, it becomes 
necessary to enucleate the entire organ by the use of a suitable scoop, aided by the 
finger. Recently, most satisfactory results have followed this operation. 


CowPEr’s GLANDS 


Cowper’s Glands are two small, rounded, and somewhat lobulated bodies, of 
a yellow colour, about the size of peas, placed behind the membranous portion 
of the urethra, between the two layers of the triangular ligament. They lie 
close above the bulb, and are enclosed by the transverse fibres of the Com- 
pressor urethre muscle. Their existence is said to be constant: they gradually 
diminish in size as age advances. 

Structure.—Each gland is made up of several lobules, held together by a 
fibrous investment. Each lobule consists of a number of acini, lined by columnar 
epithelial cells, opening into one duct, which, joining with the ducts of other 
lobules outside the gland, form a single excretory duct. The excretory duct of 
each gland, nearly an inch in length, passes obliquely forwards beneath the 
mucous membrane, and opens by a minute orifice on the floor of the bulbous 
portion of the urethra. 


Tar PENIS 


The Penis consists of a root, body, and extremity or glans penis. 

The root is firmly connected to the rami of the os pubis and ischium by two 
strong tapering fibrous processes, the crura; and to the front of the symphysis 
pubis by the suspensory ligament, a strong band of fibrous tissue which passes 
downwards from the front of the symphysis pubis to the upper surface of the 
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an admixture of well-developed elastic fibres, so that it is possessed of great 
elasticity. 

From the internal surface of the fibrous envelope, as well as from the sides 
of the septum, numerous bands or cords are given off, which cross the interior 
of the corpora cavernosa in all directions, subdividing them into a number of 
separate compartments, and giving the entire structure a spongy appearance. 
These bands and cords are called trabecule, and consist of white fibrous tissue, 
elastic fibres, and plain muscular fibres. In them are contained numerous 
arteries and nerves. 

The component fibres of which the trabecule are composed are larger and 
stronger round the circumference than at the centre of the corpora cavernosa ; 
they are also thicker behind than in front. The mterspaces, on the contrary, are 
larger at the centre than at the circumference, their long diameter being directed 
transversely ; they are largest anteriorly. They are occupied by venous blood, 
and are lined by a layer of flattened cells similar to the endothelial lining of 
veins. 

The whole of the structure of the corpora cavernosa, contained within the 
fibrous sheath, consists therefore of a sponge-like tissue of areolar spaces, freely 
communicating with each other and filled with venous blood. The spaces may 
therefore be regarded as large cavernous veins. 


Fic. 771.—From the peripheral portion of.the corpus cavernosuin penis under a low 
magnifying power. (Copied from Langer.) 





1. a. Capillary network, b. Cavernous spaces. 2. Connection of the arterial twigs (a) with the cavernous spaces, 


The arteries bringing the blood to these spaces are the arteries of the corpora 
cavernosa and branches from the dorsal arteries of the penis, which perforate 
the fibrous capsule, along the upper surface, especially near the fore part of the 
organ. 

These arteries on entering the cavernous structure divide into branches, which 
are supported and enclosed by the trabeculae. Some of these terminate in a 
capillary network, the branches of which open directly into the cavernous 
spaces; others assume a tendril-like appearance, and form convoluted and some- 
what dilated vessels, which were named by Müller helicine arteries. They 
project into the spaces, and from them are given off small capillary branches to 
supply the trabecular structure. They are bound down in the spaces by fine 
fibrous processes, and are more abundant in the back part of the corpora 
cavernosa (fig. 771). 

The blood from the cavernous spaces is returned by a series of vessels, some 
of which emerge in considerable numbers from the base of the glans penis and 
converge on the dorsum of the organ to form the dorsal vein ; others pass out on 
the upper surface of the corpora cavernosa and join the dorsal vein; some 
emerge from the under surface of the corpora cavernosa and, receiving branches 
from the corpus spongiosum, wind round the sides of the penis to terminate in 
the dorsal vein; but the greater number pass out at the root of the penis and 
join the prostatic plexus. 

The Corpus Spongiosum encloses the urethra, and is situated in the groove on 
the under surface of the corpora cavernosa. It commences posteriorly below the 
superficial layer of the triangular ligament of the urethra, between the diverging 
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crura of the corpora cavernosa, where it forms a rounded enlargement, the bulb ; 
and terminates, anteriorly, in another expansion, the glans penis, which overlaps 
the anterior rounded extremity of the corpora cavernosa. The central portion, or 
body of the corpus spongiosum, is cylindrical, and tapers slightly from behind 
forwards. 

The bulb varies in size in different subjects ; it receives a fibrous investment 
from the superficial layer of the triangular ligament, and is surrounded by the 
Accelerator urinæ muscle. The urethra enters the bulb nearer its upper than its 
lower surface, being enveloped by a layer of erectile tissue, a thin prolongation 
of which is continued backwards round the membranous and prostatic portions 
of the canal to the neck of the bladder, lying between the two layers of muscular 
tissue. The portion of the bulb below the urethra presents a partial division into 
two lobes, being marked externally by a linear raphé, while internally there 
ea for a short distance, a thin fibrous septum, which is more distinct in 
early life. 

tructure.—The corpus spongiosum consists of a strong fibrous envelope, 
enclosing a trabecular structure, which contains in its meshes erectile tissue. 
The fibrous envelope is thinner, whiter in colour, and more elastic than that of 
the corpora cavernosa. The trabecule are more delicate, nearly uniform in size, 
and the meshes between them smaller than in the corpora cavernosa: their long 
diameter, for the most part, corresponding with that of the penis. The external 
envelope or outer coat of the corpus spongiosum is formed partly of unstriped 
muscular fibre, and a layer of the same tissue immediately surrounds the canal 
of the urethra. 

The lymphatics of the penis consist of a superficial and a deep set: the 
superficial vessels are derived from a dense network on the skin of the glans 
and prepuce and from the mucous membrane of the urethra, and terminate 
in the superficial inguinal glands; the deep vessels emerge from the corpora 
cavernosa and corpus spongiosum, and, passing beneath the pubic arch, join the 
deep lymphatics of the pelvis. 

The nerves are derived from the internal pudic nerve and the pelvic plexuses. 
On the glans and bulb some filaments of the cutaneous nerves have Pacinian 
bodies connected with them, and, according to Krause, many of them terminate 
in a peculiar form of end-bulb (see page 46). 


- Surgical Anatomy.—The penis occasionally requires removal for malignant disease. 
Usually, removal of the ante-scrotal portion is all that is necessary, but sometimes it is 
requisite to remove the whole organ from its attachment to the rami of the ossa pubis 
and ischia. The former operation is performed either by cutting off the whole of the 
anterior part of the penis with one sweep of the knife; or, what is better, cutting through 
the corpora cavernosa from the dorsum, and then separating the corpus spongiosum from 
them, dividing it at a level nearer the glans penis. The mucous membrane of the 
urethra is then slit up, and the edges of the flap attached to the external skin, in order 
to prevent contraction of the orifice, which might otherwise take place. The vessels 
which require ligature are the two dorsal arteries of the penis, the arteries of the corpora 
cavernosa, and the artery of the septum. When the entire organ requires removal, the 
patient is placed in the lithotomy position, and an incision is made through the skin and 
subcutaneous tissue round the root of the penis, and carried down the median line of the 
scrotum as far as the perineum. The two halves of the scrotum are then separated 
from each other, and a catheter having been introduced into the bladder as a guide, the 
spongy portion of the urethra below the triangular ligament 1s separated from the corpora 
cavernosa and divided, the catheter having been withdrawn just behind the bulb. The 
suspensory ligament is now severed, ar 
periosteum scraper, and the whole penis removed. 
urethra, which has not been removed, is now to be atts 
extremity of the incision in the perineum. The remain 
together, free drainage being provided for. 


Tar TESTES AND THEIR COVERINGS (fig. 772) 


The Testes are two glandular organs, which secrete the semen, they are 
situated in the scrotum, being suspended by the spermatic cords. At an early 
period of fœtal life the testes are contained in the abdominal cavity, behind the 
peritoneum. Before birth they descend to the inguinal canal, along which 


they pass with the spermatic cord, and, emerging at the external oe 
4 
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ring, they descend into the scrotum, becoming invested in their course by 
numerous coverings derived from the serous, muscular, and fibrous layers of 
the abdominal parietes, as well as by the scrotum. The coverings of the testes 


are, the e 
kin } 
Dares Scrotum. 
Intercolumnar, or External spermatic fascia. 
Cremasteric fascia. 
Infundibuliform fascia (Internal spermatic fascia). 


Tunica vaginalis. 


The scrotum is a cutaneous pouch which contains the testes and part of 
the spermatic cords. It is divided on its surface into two lateral portions by a 
median line, or raphé, which is continued forwards to the under surface of the 
penis, and backwards along the middle line of the perineum to the anus. Of 
these two lateral portions the left is longer than the nght, and corresponds with 
the greater length of the spermatic cord on the left side. Its external aspect 
varies under different circumstances: thus, under the influence of warmth, and 


Fic. 772.—Transverse section through the left side of the scrotum and the left testicle. 
The sac of the tunica vaginalis represented in a distended condition. (Diagrammatic.) 


(Delépine.) 














DATO gwrrrsmn enone 





qe at 
try j i oat 


External spermatic Jascta-——---~-7- SS ne 


Parietal tunica vaginalis: 
Visceral tunica vaginailts.... 


“4 i iar l CS ae 7 2 m ‘ ¢ i Vn 
F. = iy WAY a \ à 
Tunica albuginea -t-i t A Na A 
A lobule of the testicle--- aire BN AMOR SE ie ae ic 
A septum..--- Fe B® ANNE WHE SNe 
Mediastinum testis- WIER BA RN th o Ye ao 
4, p, % \ % 2 a A $ A Q 4 ji f. AY, =| ; 
Spermatic etn oo I pE 3 ey, + ’ UA ws] 3 
Epididymis samnnneasawe emaa oe AERA N 4 X AY Ri 7, k : i 
Vas deferens ONA NWA G ANUSA 
A riery to vas i $ . GZ 4 Sette d PA ip N SF A ; S 
Spermatic artery ===- NA MAOO” d 
Internal muscular tunic anmam aem N S aimi SSNS S ` 
of Kölliker E Saa o Nana EK 


in old and debilitated persons, it becomes elongated and flaccid; but, under 
the influence of cold, and in the young and robust, it is short, corrugated, and 
closely applied to the testes. 

The scrotum consists of two layers, the integument and the dartos. 

The integument is very thin, of a brownish colour, and generally thrown 
into folds or ruge. It is provided with sebaceous follicles, the secretion of 
which has a peculiar odour, and is beset with thinly scattered, crisp hairs, the 
roots of which are seen through the skin. 

The dartos is a thin layer of loose reddish tissue, endowed with contractility : 
it forms the proper tunic of the scrotum, is continuous, around the base of the 
scrotum, with the two layers of the superficial fascia of the groin and perineum, 
and sends inwards a distinct septum, septwm scroti, which divides it into two 
cavities for the testes, the septum extending between the raphé and the under 
surface of the penis, as far as its root. 

The dartos is closely united to the skin externally, but connected with the 
subjacent parts by delicate areolar tissue, upon which it glides with the greatest 
facility. The dartos is very vascular, and consists of a loose areolar tissue, 


TH 
containi E TR 
rn a ee : STE 
ee by aaeealped m S AND TH 
foetus of the pee pene panica] i re, but z VERING 
It a and is — ‘abd: is umn, ere o fat. It S 
E co R piel once ad ominal thin aino by bi S contracti l II? 
the — le mov from downwards ar duri brane, a ility is sl o3 
The eeding la emeni bk dartos around ng the d ich is deri ow, and 
o, Te cremate near oA ra S ae Ai 
mediat er MUS ic fasci r upon | areol e of th e testi om th 
k © à cle) 1a it. b ar t ec is e 
genital b A A A toget of scatt ee all tentis: 
n m geene" paa IAA Deea pred bundi are 
-i — eee fibres continuon of mu i with 
i rsaiis. of the m fasci aral note see pa re conti s cove iscular f 
naas of p Sanaag caps 7 a thin ©. ge 487); V E by Ei 
nnecti scia wi is 2 1s & mem Á ey ar ith th nter- 
<> es pip a aipe annals continuation dow r, 
it, are kn These ¢ a a lange nl geelaysr, ig l by the 
The own coll wo laye ous abo rd and nective te wè oosely i 
ne e pue iia as he f oye re apie ant he a fascia maven 
e : e fundibul; u O o ns- 
peri ere m desc fascia pr uliform ae 8 the ae thi. 
astri anG ee eri i assu 
—— Th of the it ney suppl Migs e tissue b of the 
b tics t e vet intern pudi ying th enea 
ranch: on eee fol al pudi ic, f e coveri ath 
Atte of the minate a plor Ae ic ; es ht verings a 
igpervazano an plexus a ae a i e the testis 
the stru permatic e inferior the two glands e corre steric Wi ee safet 
ie tp abd pomot mps a peada anch w ant 3 a a 
at first ominal eh it i s from branch perineal és are Bye rteries the 
n be wal is CO the i of th bra aliod T} 
earer neath all th mpo interi e sm nche io-ingui 16 
Ext the pub the I e cord sed conv rnal or d all scia es of the i guinal 
— mm it paliene Es ten obliquel; to the M Dae nerve internal 
a ainte arene i are: ely alo tere rin 
a mane t a E oupart's li d upon the the inguinal cee 
eee — rather ee ci nd the ae ment, bes fascla Fa nal T 
Pa: ructur er than i onger t descen njoined ving the ASTENN l, lying 
ated oe a of the = fellow han the a nearly tendon anid alis; but 
anedd in ves, and ord.—Th eg a a ee 
Thes the testi gether b the exc e sperm , y the left e serot en 
E er > egret apoiar retory d atic cord i m Hamme 
e . eren of the S dese tissu uct of r 1S CO angs 
piggpirio: s, Írom re d are eni. e, and te testicle; Taos dta 
ee ee dio superior J Ae i fr & by the r = Te 
sti at 1 AT al ; , Irom rs br ‘eS 
poa of ane — a br ; and the the aorta ; brought 
to ominal sa sperm: aor oe of th cremaster the arter 
pm divid Pip -~ cord p abdominal abdominal re, penal k the 
paea ete) a serotum. T the a and — oe deep 
of pee others supply — ays n omn ep —— passaroi th 
a n DA, oae ree of A oa al 
paa ai asterio artery i he tunica albugine oa vad, beoomin 
Th gs of th spermati Y is &@ b ginea a ine art pany t g 
slend 6 arter P cord, an 16 cord a ranch of nd suppl a of the he 
of that vessel A i mastgnosng ay y pis deep e = a 
thi 1 e C pig iid 
8 | an ympani , a bra permati ster art 
pa the epid ois = stomosin pies Me i ch of the joanen. muasale “gh It 
ormis) ididymi a ay oO defer superio other 
Digits ai E parira the spermatic ar ramifyi vesical, 
are —_ oe the ey and Ly of A prs a upon A š long 
i 5 
umerous, wre of the D hi, and =- testis. auconns 
ascend ps cord ; a plexus elve ihai 
9 aire baii 
G co ssels C i PAM: IR 
rd on amg 
in fr POSING am 
© VRAS 


def 
; below 
the 
external 
or 8 
uperficial abdo 
minal ri 
Ing 
D they 
unite t 

o fort 
4 DE? uen 


1140 MALE ORGANS OF GENERATION 


three or four veins, which pass along the inguinal canal, and, entering the 
abdomen through the internal or deep abdominal ring, coalesce to form two 
veins. These again unite to form a single vein, which opens on the right side 
into the inferior vena cava, at an acute angle, and on the left side into the renal 
vein at a right angle. 

The lymphatic vessels terminate in the lumbar glands. 

The nerves are the spermatic plexus from the sympathetic, joined by filaments 
from the pelvic plexus which accompany the artery of the vas deferens. 


Surgical Anatomy.—The scrotum forms an admirable covering for the protection of 
the testicle. This body, lying suspended and loose in the cavity of the scrotum and 
surrounded by a serous membrane, is capable of great mobility, and can therefore easily 
slip about within the scrotum, and thus avoid injuries from blows or squeezes. The skin 
of the scrotum is very elastic and capable of great distension, and on account of the 
looseness and amount of subcutaneous tissue, the scrotum becomes greatly enlarged in 
cases of cedema, to which this part is especially liable as a result of its dependent 
position. The scrotum is occasionally the seat of epithelioma ; this is no doubt due to 
the rug on its surface, which favour the Jodgment of dirt, and this, producing irritation, 
is the exciting cause of the disease, which is especially common in chimney-sweeps from 
the lodgment of soot. The disease is very much less common than it used to be; this is 
probably due to the better hygienic conditions of the working classes. The scrotum 
is also the part most frequently affected by elephantiasis. 

On account of the looseness of the subcutaneous tissue, large extravasations of blood 
may take place from very slight injuries. It is therefore generally recommended never 
to apply leeches to the scrotum, since they may lead to ecchymosis, but rather to 
puncture one or more of the superficial veins of the scrotum in cases where local blood- 
letting from this part is judged to be desirable. The muscular fibre in the dartos 
causes contraction and considerable diminution in the size of a wound of the scrotum, 
as after the operation of castration, and is of assistance in keeping the edges together, 
and covering the exposed paris. 


THe ‘TESTES 


The testes are suspended in the scrotum by the spermatic cords. As the 
left spermatic cord is rather longer than the right one, the left testicle hangs 
somewhat lower than its fellow. Each gland is of an oval form, compressed 
a and having an oblique position in the scrotum; the upper extremity 
being directed forwards and a little outwards; the lower, backwards and a 
little inwards; the anterior convex border looks forwards and downwards; the 
posterior or straight border, to which the cord is attached, backwards and 
upwards. 

The anterior border and lateral surfaces, as well as both extremities of the 
organ, are convex, free, smooth, and invested by the visceral layer of the tunica 
vaginalis. The posterior border, to which the cord is attached, receives only 
a partial investment from that membrane. Lying upon the outer edge of this 
posterior border is a long, narrow, flattened body, named, from its relation 
to the testis, the epididymis (didvpos, testis). It consists of a central portion, 
or body; an upper enlarged extremity, the head, or globus major; and a lower 
pointed extremity, the tail, or globus minor. The globus major is intimately 
connected with the upper end of the testicle by means of its efferent ducts ; 
and the globus minor is connected with its lower end by cellular tissue, and 
a reflection of the tunica vaginalis. The outer surface and upper and lower 
ends of the epididymis are free and covered by serous membrane ; the body 
is also completely invested by it, excepting along its posterior border, and 
between the body and the testicle is a pouch or cul-de-sac, named the digital 
fossa. The epididymis is connected to the back of the testis by a fold of the 
serous membrane. Attached to the upper end of the testis, close to the globus 
major, are two small pedunculated bodies. One of them is pear-shaped, and 
attached by its narrow stalk, the other is small and sessile; they are believed 
to be the remains of the upper extremity of the Millerian duct (page 150), and 
are termed the hydatids of Morgagni; some observers, however, regard the 
stalked hydatid as being a rudiment of the pronephros. When the testicle 
is removed from the body, the position of the vas deferens, on the posterior 
surface of the testicle and inner side of the epididymis, marks the side to which 
the gland has belonged. 
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Size and Weight.—The average dimensions of this gland are fr 
= he two —_— = length, an _ in breadth, and ka inch od. dee 
e antero-posterior diameter; and the weight varies f 
the leit testicle being a little the larger. i ee ee OP eee 


The testis is invested by three tunics: the tunica vaginalis, tunica albuginea 
and tunica vasculosa. i 

The tunica vaginalis is the serous covering of the testis. It is a pouch of 
serous membrane, derived from the peritoneum during the descent of the testis 
in the fœtus from the abdomen into the scrotum. After its descent, that portion 
of the pouch which extends from the internal ring to near the upper part of 
the gland becomes obliterated, the lower portion remains as a shut sac, which 
invests the outer surface of the testis, and is reflected on to the internal surface 
of oi keak hence it may be described as consisting of a visceral and 
parietal portion. 

The visceral portion of the tunica vaginalis covers the greater part of the 
testis and epididymis, connecting the latter to the testis by means of a distinct 
fold. From the posterior border of the 
gland it is reflected on to the internal Fic. 773.—The testis în situ, the tunica 
surface of the scrotum. vaginalis having been laid open. 

The parietal portion of the tunica 
vaginalis is far more extensive than the 
visceral portion, extending upwards for 
some distance in front, and on the inner 
side of the cord, and reaching below the 
testis. The inner surface of the tunica 
vaginalis is free, smooth, and covered 
by a layer of endothelial cells. The in- 
terval between the visceral and parietal m n; _ 
layers of this membrane constitutes the ke Sipe 
cavity of the tunica vaginalis. 

The obliterated portion of the pouch 
may generally be seen as a fibro-cellular 
thread lying in the loose areolar tissue 
around the spermatic cord ; sometimes 
this may be traced as a distinct band 
from the upper end of the inguinal canal, 
where it is connected with the perito- 
neum, down to the tunica vaginalis ; 
sometimes it gradually becomes lost on 
the spermatic cord. Occasionally no l 
trace of it can be detected. In some cases it happens that the pouch of peri- 
toneum does not become obliterated, but the sac of the peritoneum communicates 
with the tunica vaginalis. This may give rise to one of the varieties of oblique 
inguinal hernia (page 1182). Or-in other cases the pouch may contract, but not 
become entirely obliterated; it then forms a minute canal leading from the 
peritoneum to the tunica vaginalis.* ‘ l 

The tunica albuginea is the fibrous covering of the testis. It is a dense 
membrane, of a bluish-white colour, composed of bundles of white fibrous 
tissue, which interlace in every direction. Its outer surface is covered by the 
tunica vaginalis, except at the points of attachment of the epididymis to p 
testicle, and along its posterior border, where the spermatic vessels rcs j 
gland. This membrane surrounds the glandular structure of the testicle, and, 
at its posterior border, is reflected into the interior of the gland, forming an 
incomplete vertical septum, called the mediastinum testis (corpus Highmori). 

The mediastinum testis extends from the upper, nearly to the lower eae 
of the gland, and is wider above than below. From the front and sides of this 
septum numerous slender fibrous cords and imperfect septa (trabecul@) re ana 
off, which radiate towards the surface of the organ, and are attached to the 


`i i j inati i ley Cooper, this 
* It ig recorded that in the post-mortem examination of Sir Astley ; 

minute canal was found on both k of the body. Sir Astley Cooper states = — 
a student he suffered from inguinal hernia ; probably this was of the cogan x vaea y. 
and the canal found after death was the remains of the one down which the hernia 


travelled.— Lancet, vol. ii. 1824, p. 116. 
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inner surface of the tunica albuginea. They therefore divide the interior of 
the organ into a number of incomplete spaces, which are somewhat cone- 
shaped, being broad at their bases at the surface of the gland, and becoming 
narrower as they converge to the mediastinum. The mediastinum supports 
the vessels and ducts of the testis in their passage to and from the substance 
of the gland. am 

The tunica vasculosa is the vascular layer of the testis, consisting of a plexus 
of blood-vessels, held together by delicate areolar tissue. It covers the inner 
surface of the tunica albuginea and the different septa in the interior of the 
gland, and therefore forms an internal investment to all the spaces of which the 
gland is composed. 

Structure.—The glandular structure of the testis consists of numerous lobulés 
(lobuli testis). Their number, in a single testis, is estimated by Berres at 250, 
and by Krause at 400. They differ in size according to their position, those in 
the middle of the gland being larger and longer. The lobules are conical in 
shape, the base being directed towards the circumference of the organ, the apex 
towards the mediastinum. Fach lobule is contained in one of the intervals 
between the fibrous cords and vascular processes which extend between the 
mediastinum testis and the tunica albuginea, and consists of from one to three, 
or more, minute convoluted tubes, the tubuli seminiferi. The tubes may be 
separately unravelled, by careful dissection under water, and may be seen to 
commence either by free cecal ends or by anastomotic loops. The total number 
of tubes is estimated by Lauth at 840, and their average length two feet and a 
quarter. Their diameter varies from y$5 to qy of an inch. The tubuli are pale 
in colour in early life, but in old age they acquire a deep yellow tinge, from 
containing much fatty matter. Each tube consists of a basement layer, formed 
of epithelioid cells united edge to edge, outside which are other layers of flattened 
cells arranged in interrupted laminæ, which give to the tube an appearance of 
striation in cross section. The cells of the outer layers gradually pass into the 
interstitial tissue. Within the basement-membrane are epithelial cells arranged 
in several irregular layers, which are not always clearly separated, but which 
may be arranged in three different groups. Among these cells may be seen 
the spermatozoa.in different stages of development. 1. Lining the basement- 
membrane and forming the outer zone isa layer of cubical cells, with small nuclei ; 
these are known as the lining cells or spermatogonia. The nucleus of some of 
them may be seen to be in the process of indirect division (karyokinesis, page 3), 
and in consequence of this daughter cells are formed, which constitute the second 
zone. 2. Within this first layer is to be seen a number of larger cells with clear 
nuclei, arranged in two or three layers; these are the intermediate cells or 
spermatocytes. Most of these cells are in a condition of karyokinetic division, 
and the cells which result from this division form those of the next layer, the 
spermatoblasts or spermatids. 3. The third layer of cells therefore consists of 
the spermatoblasts or spermatids, and each of Hat, without further subdivision, 
becomes a spermatozoon. They are ill-defined granular masses of protoplasm, 
of an elongated form, with a nucleus, which becomes the head of the future 
spermatozoon. In addition to these three layers of cells others are seen, which 
are termed the supporting cells, or cells of Sertoli. They are elongated and 
columnar, and project inwards from the basement-membrane towards the lumen 
of the tube. They give off numerous lateral branches, which form 4 reticulum 
for the support of the three groups of cells just described. As development of 
the spermatozoa proceeds the latter group themselves around the inner extremities 
of the supporting cells. The nuclear portion of the spermatozoon, which is partly 
embedded in the supporting cell, is differentiated to form the head of the 
spermatozoon, while the cell protoplasm becomes lengthened out to form the 
middle piece and tail, the latter projecting into the lumen of the tube. Ultimately 
the heads are liberated and the spermatozoa are set free. The structure of the 
spermatozoa is described on page 76. 

The tubules are enclosed in a delicate plexus of capillary vessels, and are 
held together by an intertubular connective tissue, which presents large inter- 
stitial spaces lined by endothelium, which are believed to be the rootlets of the 
lymphatic vessels of the testis. 

In the apices of the lobules, the tubuli become less convoluted, assume a 
nearly straight course, and unite together to form from twenty to thirty larger 
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ducts, of about „h of an inch in diameter, an Ì i 
an ama , and these, from their straight course, 

The vasa recta enter the fibrous tissue of the mediastinum, and pass upwards 
and backwards, forming, in their ascent, a close network of eM arcing tubes 
which are merely channels in the fibrous stroma, lined by flattened epithelium 
and having no proper walls; this constitutes the rete testis. At the upper end 
of the mediastinum, the vessels of the rete testis terminate in from twelve to 
fifteen or twenty ducts, the vasa efferentia: they perforate the tunica albuginea 
and carry the seminal fluid from the testis to the epididymis. Their course 
is at first straight; they then become enlarged, and exceedingly convoluted, 
and form a series of conical masses, the cont vasculosi, which together con- 
stitute the globus major of the epididymis. Hach cone consists of a single 
convoluted duct, from six to eight inches in length, the diameter of which 
gradually decreases from the testis to the epididymis. Opposite the bases of the 
cones the efferent vessels open at narrow intervals into a single duct, which con- 
stitutes, by its complex convolutions, the body and globus minor of the epididymis. 
When the convolutions of this tube are 
unravelled, it measures upwards of Fie. 774.— Vertical section of the testicle, 
twenty feet in length ; it increases in to show the arrangement of the ducts. 
diameter and thickness as it approaches 
the vas deferens. The convolutions are 
held together by fine areolar tissue, and 
by bands of fibrous tissue. 

Thevasarectaareot smallerdiameter Tunica albuginea dex iy 
than the seminal tubes, and have very | Gimmes...“ 
thin parietes. They, like the channels Its septa | ^N 
of the rete testis, are lined by a single A 
layer of flattened epithelium. The vasa 
efferentia and the tube of the epididymis 
have walls of considerable thickness, on 
account of the presence in them of 
muscular tissue, which is principally 
arranged in a circular manner. These 
tubes are lined by columnar ciliated 
epithelium. 

The vas deferens, the excretory duct 
of the testis, is the continuation of the 
canal of the epididymis. Commencing 
at the lower part of the globus minor, it 
is at first very tortuous, but gradually 
becoming less twisted it ascends along 
the posterior border of the testis and 
inner side of the epididymis, and along ae 
the back part of the spermatic cord, through the inguinal canal to the internal 
or deep abdominal ring. From the ring it curves: round the outer side of the 
epigastric artery, and ascends for about an inch in front of the external iliac 
artery. It is next directed backwards and slightly downwards, and, crossing the 
external iliac vessels obliquely, enters the pelvic cavity, where ıt lies between 
the peritoneal membrane and the lateral wall of the pelvis, and passes on the 
‘nner side of the obliterated hypogastric artery and the obturator nerve and 
vessels. It then crosses in front of the ureter, and, reaching the inner side of 
this tube, bends to form an acute angle, and runs inwards and slightly forwards 
between the base of the bladder and the upper end of the seminal vesicle. 
Reaching the inner side of the seminal vesicle, it 18 directed downwards a 
inwards in contact with it, gradually approaching the vas of the opposite side, 
Here it lies between the base of the bladder and the rectum, where 1t 1s ot 
together with the seminal vesicle, in a sheath derived ie the ee 
layer of the pelvic fascia. Lastly, 1t 18 directed poipoi ip HR et 1 by 
prostate, where it becomes greatly narrowed, and is jomet at an aaa ang A i 7 
the duct of the seminal vesicle to form the common ejaculatory uct, whic 


ind i iddle lobe and opens into the urethra, 
traverses the prostate gland behind its mı A. iad ad coal aa 


close to the sinus pocularis. ‘The vas deferens 
sensation to the Seats it is of cylindrical form, and about a line and a quarter 
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in diameter. Its walls are dense, measuring one-third of a line; and its canal 
is extremely small, measuring about half a line. At the base of the bladder it 
becomes enlarged and sacculated, and this portion is termed the ampulla. 

Structure._The vas deferens consists of three coats: 1. An external or 
areolar coat. 2. A muscular coat, which in the greater part of the tube consists 
of two layers of unstriped muscular fibre: an outer, longitudinal in direction, 
and an inner, circular ; but in addition to these, at the commencement of the vas 
deferens, there is a third layer, consisting of longitudinal fibres, placed internal 
to the circular stratum, between it and the mucous membrane. 3. An internal, 
or mucous coat, which is pale, and arranged in longitudinal folds ; its epithelial 
lining is of the columnar variety. 

A long narrow tube, the vas aberrans of Haller, is ge se! found 
connected with the lower part of the canal of the epididymis, or with the com- 
mencement of the vas deferens. It extends up into the cord for about two 


or three inches, where it terminates by a blind-extremity, which is sometimes 


e 


bifurcated. Its length varies from an inch and a half to fourteen inches, and 
it may become dilated towards its extremity; more commonly it retains the 
same diameter throughout. Its structure is similar to that of the vas deferens, 
Occasionally it is found unconnected with the epididymis. 

Organ of Giraldés.—This term is applied to a small collection of convoluted 
tubules, situated in front of the lower part of the cord above the globus major of 
the epididymis. These tubes are lined with columnar ciliated epithelium, and 
probably represent the remains of a part of the Wolffian body. 


The testicle, developed in the lumbar region, may be arrested or delayed in its transit 
to the scrotum. It may be retained in the abdomen; or it may be arrested at the 
internal abdominal ring, or in the inguinal canal; or it may just pass out of the external 
ring without finding its way to the bottom of the scrotum. When retained in the 
abdomen it gives rise to no symptoms, other than the absence of the testicle from the 
scrotum ; but when it is retained in the inguinal canal it is subjected to pressure and may 
become inflamed and painful, and the inflammation may extend to the peritoneum, 
producing general peritonitis. The testicle when first formed is believed to be normal, 
but if retained it undergoes degenerative changes and becomes functionally useless; so 
that a man in whom both testicles are retained (anorchism) is sterile, though he may 
not be impotent. The absence of one testicle is termed monorchism. When a testicle 
is retained in the inguinal canal it is often complicated with a congenital hernia, the 
funicular process of the peritoneum not being obliterated. In addition to the cases above 
described, where there is some arrest in the descent of the testicle, this organ may 
descend through the inguinal canal, but may miss the scrotum and assume some abnormal 
position. The most common form is where the testicle, emerging at the external 
abdominal ring, slips down between the scrotum and thigh and comes to rest in the 
perineum. This is known as perineal ectopia. Again, in other cases, the testicle, upon 
emerging at the external ring, slips downwards and outwards over the spine of the os 
pubis and becomes located over the situation of the saphenous opening. It has been 
stated that occasionally the testicle may leave the abdomen by the femoral ring and pass 
down the crural canal to present on the front of the thigh. This form has been termed 
ectopia cruralis. It is very rare, and it is doubtful if it ever really exists. 

Finally, the testicle may reach the scrotum, but may occupy an abnormal position in 
it. It may be inverted, so that its posterior or attached border is directed forwards and 
the tunica vaginalis is situated behind. Should a hydrocele occur, and tapping be resorted 
to, the trochar may be thrust into the testicle, if the operation is performed in the 
ordinary way, and care is not taken beforehand to ascertain the position of the gland. 

Recently, several cases of torsion of the spermatic cord, resulting in acute strangulation 
of the testicle, have been recorded. In some it has been attributed to a strain or twist, 
and in several instuices the condition has been associated with a late descent of the 
organ. 

Surgical Anatomy.—Fluid collections of a serous character are very frequently found 
in the scrotum. To these the term hydrocele is applied. The most common form is 
the ordinary vaginal hydrocele, in which the fluid is contained in the sac of the tunica 
vaginalis, which is separated, in its normal condition, from the peritoneal cavity by the 
whole extent of the inguinal canal. Another form, the congenital hydrocele, is where 
the fluid is in the sac of the tunica vaginalis, but this cavity communicates with the 
general peritoneal cavity, its tubular process remaining pervious. A third variety, known 
as an infantile hydrocele, occurs in those cases where the tubular process becomes 
obliterated only at its upper part, at or near the internal abdominal ring. It resembles 
the vaginal hydrocele, except as regards its shape, the collection of fluid extending up 
the cord into the inguinal canal. Fourthly, a very rare form of hydrocele is known as 
hydrocele of the funicular process. In this variety the processus vaginalis has become 
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closed at its lower end, but has remained unobliterated throughout the rest of its 
extent. This may become distended with fluid, producing a sausage-shaped tumour 
in the inguinal canal, which is reducible and may be mistaken for an inguinal hernia. 

Eincysted hydrocele, or spermatocele, is the name given to à cyst usually found in 
connection with the globus major of the epididymis. Among its contents are found, in 
many instances, & varying number of spermatozoa. In addition to these different forms 
of hydrocele, an encysted hydrocele of the cord is sometimes met with. This may be 
due to a small portion of the funicular process of the peritoneum remaining unobliterated 
and becoming filled with ‘fluid, or to the formation of an independent cyst in the 
connective tissue of the cord. A diffused hydrocele of the cord, which would appear to 
be merely a dropsy of the cellular tissue of the cord, has been described. 

The testicle frequently requires removal for malignant disease; in tuberculous 
disease; in cystic disease; in cases of large hernia testis, and in scme instances of 
incompletely descended or misplaced testicles. The operation of castration has also 
been performed for enlargement of the prostate; since it has been found that removal 
of the testicles is followed by very rapid and often considerable diminution in the 
size of the prostate. The operation is, however, one of severity, and is frequently 
followed by death, as the patients on whom it is performed are advanced in life. 
Reginald Harrison has proposed to substitute for it excision of a portion of the vasa 
deferentia. The operation of castration is a comparatively simple one. An incision 
is made into the tunica vaginalis from the external ring to the bottom of the scrotum. 
The coverings are shelled off the organ, and the mesorchium, stretching between 
the back of the testicle and the scrotum, divided. The cord is then isolated, and an 
aneurism needle, armed with a double ligature, passed under it, as high as is thought 
necessary, and the cord tied in two places, and divided between the ligatures. Sometimes, 
in cases of malignant disease, it is desirable to open the inguinal canal and tie the cord as 
near the internal abdominal ring as possible. 
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The seminal vesicles are two lobulated membranous pouches, placed between 
the base of the bladder and the rectum, serving as reservoirs for the semen, and 
secreting a fluid to be added to the secretion of the testicles. Hach sac is some- 
what pyramidal in form, the broad end being directed backwards, upwards and 


Fie. 775.—Base of the bladder, with the vasa deferentia 
and vesicule seminales. 
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outwards. They measure about two and a half inches in length, about five lines 
in breadth, and two or three lines in thickness. They valli, ROWENA, in az, 
not only in different individuals, but alge 4 ps gs fom a a te dine 
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recto-vesical fascia. Their upper extremities diverge from each other, and are 
separated from the bladder by the vas deferens and the lower end of the ureter, 
and are partly covered by peritoneum. Their lower extremities are pointed, and 
converge towards the base of the prostate gland, where each joins with the 
corresponding vas deferens to form the ejaculatory duct. Along the inner 
margin of each vesicle runs the enlarged and convoluted vas deferens. The 
inner borders of the vesicles, and the corresponding vas deferens, form the 
lateral boundaries of a narrow triangular space, limited behind by the recto- 
vesical peritoneal fold ; the portion of the bladder included in this space rests 
on the rectum. 

Each vesicle consists of a single tube, coiled upon itself, and giving off 
several irregular cecal diverticula; the separate coils, as well as the diverticula, 
being connected together by fibrous tissue. When uncoiled, this tube is about 
the diameter of a quill, and varies in length from four to six inches; it termi- 
nates posteriorly in a cul-de-sac ; its anterior extremity becomes constricted into 
a narrow straight duct, which joins with the corresponding vas deferens, and 
forms the ejaculatory duct. 

The ejaculatory ducts are two in number, one on either side of the middle 
line. Each is formed by the union of the duct from the vesicula seminalis 
with the vas deferens, and is about three-quarters of an inch in length. They 
commence at the base of the prostate, and run forwards and downwards between 
its middle and lateral lobes, and along the sides of the sinus pocularis, to 
terminate by separate slit-like orifices close to or just within the margins of 
the sinus. The ducts diminish in size, and also converge towards their 
termination. 

Structure.—The vesicule seminales are composed of three coats: an external 
or areolar coat; a middle or muscular coat, which is thinner than in the vas 
deferens, arranged in two layers, an outer longitudinal, and inner circular ; an 
internal or mucous coat, which is pale, of a whitish-brown colour, and presents a 
delicate reticular structure, like that seen in the gall-bladder, but the meshes are 
finer. The epithelium is columnar. 

The coats of the ejaculatory ducts are extremely thin. They are: an outer 
fibrous layer, which is almost entirely lost after their entrance into the prostate ; 
a layer of muscular fibres, consisting of an outer thin circular and an inner 
longitudinal layer ; and mucous membrane. 

Vessels and Nerves.—The arteries supplying the vesicule seminales are 
derived from the middle and inferior vesical and middle hemorrhoidal. The 
veins and lymphatics accompany the arteries. The nerves are derived from 
the pelvic plexuses. 


Surgical Anatomy.—The vesicule seminales are often the seat of an extension of the 
disease in cases of tuberculosis of the testicle, and should always be examined from 
the rectum before coming to a decision with regard to castration in this affection. 
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EXTERNAL ORGANS 


HE external organs of generation in the female are: the mons Veneris, the 

labia majora and minora, the clitoris, the meatus urinarius, and the orifice 

of the vagina. The term ‘ vulva’ or ‘ pudendum,’ as generally applied, includes 
all these parts. 

The mons Veneris is the rounded eminence in front of the pubic symphysis 
formed by a collection of fatty tissue beneath the integument. It becomes 
covered with hair at the time of puberty. 

The labia majora are two prominent longitudinal cutaneous folds, extending 
downwards and backwards from the mons Veneris to the anterior boundary of 


Fic. 776.—The vulva. External female organs of generation. 
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integument, terminating close to, and nearly parallel with, each other. Together 
with the connecting skin between them, they form the posterior commissure, 
or posterior boundary of the vulval orifice. The interval between the posterior 
commissure and the anus, from an inch to an inch and a quarter in length, 
constitutes the perineum. The fourchette is the anterior edge of the perineum, 
and between it and the hymen is a depression, the fossa navicularis. The 
labia correspond to the scrotum in the male. l 

The labia minora, or nymphæ, are two small cutaneous folds, situated 
within the labia majora, and extending from the clitoris obliquely downwards, 
outwards, and backwards for about an inch and a half on each side of the orifice 
of the vagina, between which and the labia majora they are lost. Anteriorly, 
each labium minus divides into two portions : the upper division passes above the 
clitoris to meet its fellow of the opposite side, forming a fold which overhangs 
the glans clitoridis and is named the prepuce (præputium clitoridis) ; the lower 


Fig. 777.— Vertical median section of the female pelvis. (Henle.) 
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division passes beneath the clitoris and becomes united to its under surface, 
forming, with its fellow of the opposite side, the frenwm of the clitoris. The 
nymphe are really modified skin. Their internal surfaces have numerous 
sebaceous follicles. 

The clitoris is an erectile structure, analogous to the corpora cavernosa of 
the penis. It is situated beneath the anterior commissure, partially hidden 
between the anterior extremities of the labia minora. It is connected to the 
rami of the os pubis and ischium on each side by a crus; the body is short and 
concealed beneath the labia; the free extremity, or glans clitoridis, is a small 
rounded tubercle, consisting of spongy erectile tissue, and highly sensitive. 
It is provided, like the penis, with a suspensory ligament, and with two small 
muscles, the Erectores clitoridis, which are inserted into the crura of the clitoris. 
The clitoris consists of two corpora cavernosa, composed of erectile tissue 
enclosed in a dense layer of fibrous membrane, united together along their inner 
surfaces by an incomplete fibrous pectiniform septum. 
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Between the clitoris and the entrance of the vagina is a trian 
surface, bounded on each side by the nymphe ; this fs the aa ities 

The orifice of the urethra (meatus urinarius) is situated at the back part of 
the vestibule, about an inch below the clitoris, and near the margin of the 
vagina, surrounded by an elevation of the mucous membrane. Below the 
meatus urinarius is the orifice of the vagina, more or less closed in the virgin 
by a membranous fold, the hymen. 

The hymen varies much in shape. Its commonest form is that of a rin 
generally broadest posteriorly ; sometimes it is represented by a semilunar fold, 
with its concave margin turned towards the pubes. A complete septum 
stretched across’ the lower part of the vaginal orifice is called ‘imperforate 
hymen.’ Occasionally it is cribriform, or its free margin forms a membranous 
fringe, or it may be entirely absent. It may persist after copulation, so that 
it cannot be considered as a test of virginity. When the hymen has been 
ruptured, small rounded elevations known as the caruncule myrtiformes are 
found as the remains of this structure. 

Glands of Bartholin.—On each side of the commencement of the vagina, and 
behind the hymen, is a round or oblong body, of a reddish-yellow colour, and 
of the size of a horse-bean, analogous to Cowper’s gland in the male. It is 
called the gland of Bartholin. Each gland opens by means of a long single 
duct, immediately external to the hymen, in the angle or groove between it and 
the nympha. 

Bulbi vestibuli—Extending from the clitoris, along either side of the vesti- 
bule, and lying a little above the nymphs, are two oblong masses, about an 
inch in length, consisting of a plexus of veins, enclosed in a thin layer of fibrous 
membrane. These bodies are narrow in front and rounded below, and lie on 
the superficial aspect of the triangular ligament of the urethra: they are termed 
the bulbi vestibuli, and are analogous to the bulb of the corpus spongiosum in 
the male. Immediately in front of these bodies is a smaller venous plexus, 
continuous with the bulbi vestibuli behind and the glans clitoridis in front: 
it is called the pars intermedia, and is considered as analogous to that part of 
the body of the corpus spongiosum which lies in front of the bulb. 


INTERNAL ORGANS 

The internal organs of generation are: the K ee the uterus and its 
appendages, the Fallopian tubes, the ovaries and their ligaments. l 

The vagina extends from the vulva to the uterus. It is situated in the cavity 
of the pelvis, behind the bladder, and in front of the rectum. Its direction 18 
curved upwards and backwards, at first in the line of the outlet, and afterwards 
in that of the axis of the cavity of the pelvis. Its walls are ordinarily in contact, 
and the usual shape of its lower part on transverse section is that of an H, the 
transverse limb being slightly curved forwards or backwards, while the lateral 
limbs are somewhat convex towards the median line; its middle part has the 
appearance of a transverse slit. Its length is two and a half to three inches 
along its anterior wall, and three and a half inches along 11s posterior wall. 
It is constricted at its commencement, dilated in the middle, and narrowed near 
its uterine extremity ; it surrounds the vaginal portion of the cervix uteri, & 
short distance from the os, its attachment extending higher up on the posterior 
than on the anterior wall of the uterus. To the recess behind the cervix the 
term posterior fornix is applied, while the smaller recess in front is termed 

rior fornia. 
on aations.-_‘The anterior surface of the vagina is in relation with the base of 
the bladder, and with the urethra. Its posterior surfaceis connected for the lower 
three-fourths of its extent to the anterior wall of the rectum, the upper fourth 
being separated from that tube by the recto-vaginal pouch of peritoneum, = 
pouch of Douglas. The orifice of the vagina 18 separated from the anus by x 
perinægum. Its sides are enclosed between the Levatores anı muscles. = e 
terminal portions of the ureters pass forward and inwards to reach the base 


of the bladder, they run one on either side of the lateral aspect of the upper 
part of the vagina. 
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Structure—The vagina consists of an internal mucous lining, of a muscular 
coat, and between the two of a layer of erectile tissue. . 

The mucous membrane is continuous above with that lining the uterus. Its 
inner surface presents a longitudinal ridge or raphé on its anterior and on its 
posterior wall. These ridges are called the columns of the vagina, and from 
them numerous transverse ridges or rugæ extend outwards on either side. 
These rugæ are divided by furrows of variable depth, giving to the mucous 
membrane the appearance of being studded over with conical projections or 
papilla; they are most numerous near the orifice of the vagina, especially in 
females before parturition. The epithelium covering the mucous membrane 
is of the squamous variety. The submucous tissue is very loose, and contains 
numerous large veins, which by their anastomoses form a plexus, together with 
smooth muscular fibres derived from the muscular coat; it is regarded by 
Gussenbauer as an erectile tissue. It contains a number of mucous crypts, 
but no true glands. 

The muscular coat consists of two layers: an external longitudinal, which is 
by far the stronger, and an internal circular layer. The longitudinal fibres are 
continuous with the superficial muscular fibres of the uterus. The strongest 
fasciculi are those attached to the recto-vesical fascia on each side. The two 
layers are not distinctly separable from each other, but are connected b oblique 
decussating fasciculi, which pass from the one layer to the other. In addition to 
this, the vagina at its lower end is surrounded by a band of striped muscular 
fibres, the sphincter vagine (see page 501). 

External to the muscular coat is a layer of connective tissue, containing a 
large plexus of blood-vessels. 

The erectile tissue consists of a layer of loose connective tissue, situated 
between the mucous membrane and the muscular coat; embedded in if is a 
plexus of large veins, and numerous bundles of unstriped muscular fibres, derived 
from the circular muscular layer. The arrangement of the veins is similar to 
that found in other erectile tissues. 


THE UTERUS 


The uterus, or womb, is a hollow muscular organ, with thick walls situated 
within the pelvis between the bladder and the rectum. The ova, when dis- 
charged from the ovaries, are conducted to the uterine cavity by the Fallopian 
tubes, which open into it at its upper lateral angles. When impregnation takes 
place, the uterus retains and supports the fertilised ovum during the development 
of the fœtus, and effects its expulsion at the time of parturition. 

In the virgin state the uterus is pear-shaped, flattened from before back- 
wards, and situated in the cavity of the pelvis, between the bladder and the 
rectum ; it is retained in its position by the round and broad ligaments on each 
side, and projects into the upper end of the vagina below. Its upper end, or 
base, is directed upwards and forwards; its lower end, or apex, downwards 
and backwards, in the line of the axis of the inlet of the pelvis. It therefore 
forms an angle with the vagina, since the direction of the vagina corresponds 
to the axis of the cavity and outlet of the pelvis. The uterus measures about 
three inches in length, two in breadth at its upper part, and nearly an inch 
in thickness, and it weighs from an ounce to an ounce and a half. 

It consists of two parts: (1) the body, with its upper broad extremity, the 
fundus; and (2) the cerviz, or neck, which is situated partly above and partly 
in the vagina. The fundus is placed below the level of the brim of the pelvis, 
and its direction varies with the condition of the bladder. 

The division between the body and cervix is indicated externally by a slight 
constriction, and by the reflection of the peritoneum from the anterior surface of 
the uterus on to the bladder, and internally by a narrowing of the canal, called 
the internal os. 

The body gradually narrows from the fundus to the neck. Its anterior 
surface is flattened, covered by peritoneum, which becomes separated from it 
at its union with the cervix, in order to form the utero-vesical pouch, which lies 
between the uterus and bladder. Its posterior surface is convex transversely, 
covered by peritoneum throughout, and separated from the rectum by some con- 
volutions of the intestine. Its lateral margins are concave, and give attachment 
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on each side to the Fallopian tube above, the round ligament below and in 
front of this, and the ligament of the ovary behind it. These three structures 
are enclosed within a duplicature of the peritoneal membrane, which extends 
from the lateral margin of the uterus to the wall of the pelvis, and is named 
the broad ligament of the uterus. 

The cervix is the lower constricted segment of the uterus; around its 
circumference is attached the upper end of the vagina, which extends upwards 
a greater distance behind than in front. 

The supravaginal portion of the cervix is not covered by peritoneum in front ; 
a pad of cellular tissue is interposed between it and the bladder. Behind, the 
peritoneum is extended over it. The vaginal portion is the rounded lower end 
projecting into the vagina. On its surface is a small aperture, the os uteri, 
generally circular in shape, but sometimes oval or almost linear. The anterior 


Fig. 778.—Douglas’s pouch. 
(From a preparation in the Museum of the Royal College of Surgeons of England.) 
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the rectum. It forms the bottom of a deep pouch called Douglas's pouch 
(fig. 778), which is bounded in front by the posterior wall of the uterus, the 
supravaginal cervix, and the upper fourth of the vagina; behind, by the rectum ; 
and laterally by two crescentic folds of peritoneum which pass backwards from 
the cervix uteri on either side of the rectum to the posterior wall of the pelvis. 
These folds are named the folds of Douglas, or recto-wterime folds. They 
contain a considerable amount of fibrous tissue and non-striped muscular fibres 
which are attached to the front of the sacrum and constitute the wlero-sacral 
ligaments. 

The two lateral or broad ligaments pass from the sides of the uterus to the 
lateral walls of the pelvis. Together with the uterus they form a sepium across 
the female pelvis, which divides that cavity into two portions. In the anterior 
part is contained the bladder; in the posterior part, the rectum, and in 
certain conditions some coils of the small intestine and a part of the pelvic colon. 
Between the two layers of each broad ligament are contained : (1) the Fallopian 
tube superiorly ; (2) the round ligament; (3) the ovary and its ligament; (4) the 
parovarium, or organ of Rosenmiiller ; (5) connective tissue; (6) unstriped 
muscular fibre; and (7) blood-vessels and nerves. The portion of the broad 
ligament which stretches from the Fallopian tube to the level of the ovary is 
known by the name of the mesosalpinx. Between the fimbriated extremity of 
the tube and the lower attachment of the broad ligament is a concave rounded 
margin, called the infundibulo-pelvic ligament (fig. 780). 

The round ligaments are two flattened bands between four and five inches in 
length, situated between the layers of the broad ligament in front of and below 
the Fallopian tubes. Commencing on each side at the superior angle of the 
uterus, this ligament is directed forwards, upwards, and outwards over the pelvic 
brim. It then passes through the internal abdominal ring and along the inguinal 
canal to the labium majus, in which it becomes lost. The round ligament 
consists principally of muscular tissue, prolonged from the uterus ; also of some 
fibrous and areolar tissue, besides blood-vessels and nerves, enclosed in a 
duplicature of peritoneum, which, in the fœtus, is prolonged in the form of a 
tubular process for a short distance into the inguinal canal. This process is 
called the canal of Nuck. It is generally obliterated in the adult, but sometimes 
remains pervious even in advanced life. It is analogous to the processus 
vaginalis which pe the descent of the testis. 

The cavity of the uterus is small in comparison with the size of the organ : 
that portion of the cavity which corresponds to the body is triangular, flattened 
from hefore backwards, so that its walls are closely approximated, and having 
its base directed upwards towards the fundus. At each superior angle is 
the minute orifice of the Fallopian tube. At the inferior angle of the uterine 
cavity is a small constricted opening, the internal orifice (ostium internum), 
which leads into the cavity of the cervix. 

The cavity of the cervix is somewhat fusiform, flattened from before back- 
wards, broader at the middle than at either extremity, and communicates, below, 
with the vagina. The wall of the canal presents, anteriorly and posteriorly, a 
longitudinal column, from which proceed a number of small oblique columns, 
giving the appearance of branches from the stem of a tree ; and hence the name 
arbor vite uterina applied to it. These folds usually become very indistinct after 
the first labour. 

Structure.—The uterus is composed of three coats: an external or serous 
coat, a middle or muscular coat, and an internal or mucous coat. 

The serous coat is derived from the peritoneum; it invests the fundus and 
the whole of the posterior surface of the uterus ; but covers the anterior surface 
only as far as the junction of the body and cervix. In the lower fourth of the 
posterior surface the peritoneum, though covering the uterus, is not closely 
connected with it, being separated from it by a layer of loose cellular tissue 
and some large veins. 

The muscular coat forms the chief bulk of the substance of the uterus. In 
the unimpregnated state it is dense, firm, of a greyish colour, and cuts almost 
like cartilage. It is thick opposite the middle of the body and fundus, and thin 
at the orifices of the Fallopian tubes. It consists of bundles of unstriped 
muscular fibres, disposed in layers, intermixed with areolar tissue, blood-vessels, 
lymphatic vessels, and nerves. In the impregnated state the muscular tissue 
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becomes more prominently developed, and is disposed in three layers: external, 
middle, and internal. 

The external layer is placed beneath the peritoneum, disposed as a thin plane 
on the anterior and posterior surfaces. It consists of fibres, which pass trans- 
versely across the fundus, and, converging at each superior angle of the uterus, 
are continued on to the Fallopian tube, the round ligament, and the ligament 
of the ovary: some passing at each side into the broad ligament, and others 
running backwards from the cervix into the sacro-uterine ligaments. 

The middle layer of fibres, which is thickest, presents no regularity in its 
arrangement, being disposed longitudinally, obliquely, and transversely. It 
contains most blood-vessels. 

The internal or deep layer consists of circular fibres arranged in the form of 
two hollow cones, the apices of which surround the orifices of the Fallopian 
tubes, their bases intermingling with one another on the middle of the body of 
the uterus. At the internal os these circular fibres form a distinct sphincter. 


Fic. 779.—The arteries of the internal organs of generation of the female, 
seen from behind. (After Hyrtl.) 
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The mucous membrane is thin, smooth, and closely adherent to the subjacent 
tissue. It is continuous, through the fimbriated extremity of the Fallopian 
tubes, with the peritoneum ; and, through the os uteri, with the lining of the 
vagina. 

In the body of the uterus the mucous membrane 1s smooth, soft, of a pale 
red colour, lined by columnar ciliated epithelium, and presents, when viewed 
with a lens, the orifices of numerous tubular follicles, arranged perpendicularly 
to the surface. It is unprovided with any submucosa, but is intimately connected 
with the innermost layer of the muscular coat, which by some anatomists 1s 
regarded as the muscularis mucose. In structure the corium differs from 


ordinary mucous membrane, consisting of an embryonic nucleated and highly 


cellular form of connective tissue in which run numerous large lymphatics. In 
it are the tube-like uterine glands, which are of small size in the unimpregnated 
uterus, but shortly after impregnation become enlarged and we ; Bae 
ing a contorted or waved appearance (see page 92). The cous ch a ¢ : icate 
membrane, lined by an epithelium, which becomes ciliated towards the " = 
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In the cervix the mucous membrane is sharply differentiated from that of the 
uterine cavity. It is thrown into numerous oblique ridges, which diverge from 
an anterior and posterior longitudinal raphé, presenting an appearance which 
has received the name of arbor vite. In the upper two-thirds of the canal, the 
mucous membrane is provided with numerous deep glandular follicles, which 
secrete a clear viscid alkaline mucus; and, in addition, extending through the 
whole length of the canal, are a variable number of little cysts, presumably 
follicles, which have become occluded and distended with retained secretion. 
They are called the ovula Nabothi. The mucous membrane covering the lower 
half of the cervical canal presents numerous papille. The epithelium of the 
upper two-thirds is cylindrical and ciliated, but below this it loses its cilia, and 
gradually changes to squamous epithelium close to the external os. 

Vessels and Nerves.—The arteries of the uterus are the uterine, from the 
internal iliac; and the ovarian, from the abdominal aorta. They are remarkable 
for their tortuous course in the substance of the organ, and for their frequent 
anastomoses. The termination ‘of the ovarian artery meets the termination of 
the uterine artery, and forms an anastomotic trunk from which branches are 
given off to supply the uterus, their disposition being, as shown by Sir John 
Williams, circular. The veins are of large size, and correspond with the arteries. 
They terminate in the uterine plexuses. In the impregnated uterus the arteries 
carry the blood to, and the veins convey it away from, the maternal blood-sinuses 
of the placenta (see page 94). The lymphatics of the body terminate in the 
lumbar glands, those of the cervix in the pelvic glands. The nerves are derived 
from the inferior hypogastric and ovarian plexuses, and from the third and fourth 


sacral nerves. 


The form, size, and situation of the uterus vary at different periods of life and under 
different circumstances. 

In the foetus the uterus is contained in the abdominal cavity, projecting beyond the 
brim of the pelvis. The cervix is considerably larger than the body. 

At puberty the uterus is pyriform in shape, and weighs from eight to ten drachms. If 

has descended into the pelvis, the fundus being just below the level of the brim of this 
cavity. The arbor vite is distinct, and extends to the upper part of the cavity of the 
organ. . 
The position of the uterus in the adult is liable to considerable variation, depending 
chiefly on the condition of the bladder and rectum. When the bladder is empty the 
entire uterus is directed forwards, and is at the same time bent on itself at the junction of 
the body and cervix, so that the body lies upon the bladder. As the latter fills, the uterus 
gradually becomes more and more erect, until with a fully distended bladder the fundus 
may be directed backwards towards the sacrum. 

During menstruation the organ is enlarged, and more vascular, its surfaces rounder ; 
the os externum is rounded, its labia swollen, and the lining membrane of the body 
thickened, softer, and of a darker colour. According to Sir J. Williams, at each recurrence 
of menstruation a molecular disintegration of the mucous membrane takes place, which 
leads to its complete removal, only the bases of the glands embedded in the muscle being 
left. At the cessation of menstruation, by a proliferation of the remaining structures a 
fresh mucous membrane is formed. 

During pregnancy the uterus becomes enormously enlarged, and in the ninth month 
reaches the epigastric region. The increase in size is partly due to growth of pre-existing 
muscle, and partly to development of new fibres. 

After parturition the uterus nearly regains its usual size, weighing about an ounce 
and a half; but its cavity is larger than in the virgin state, its vessels are tortuous, and 
its muscular layers are more defined; the external orifice is more marked, and its edges 
present a fissured surface. 

In old age the uterus becomes atrophied, and paler and denser in texture; a 
more distinct constriction separates the body and cervix. The ostium internum is 
frequently, and the ostium externum occasionally, obliterated, while the labia almost 
entirely disappear. 

Surgical Anatomy.—From what has been said above, it will be evident that the uterus 
is held in position mainly by the broad ligaments, the utero-sacral folds, and the blood- 
vessels. The cervix is the most fixed part, being retained in position by the vagina and 
supported by the Levatores ani muscles. As the cervix is more or less fixed and the body 
comparatively free, there is usually a certain degree of flexion of the latter at the point 
where the two parts meet. The normal position of the body with regard to the cervix is 
one of anteversion, combined with slight anteflexion; its anterior surface resting on the 
upper surface of the bladder, when this viscus is empty or contains only a small quantity 
of urine. As the bladder fills, the uterus is displaced backwards, so that when complete 
distension of the bladder takes place it may become retroverted ; but returns to its normal 
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cut across, until it meets the incision on the anterior wall. The uterus is now almost 
free, and is held only by the lower part of the broad ligament on either side, containing 
the uterine artery. A third ligature is made to encircle this, and, after having been tied, 
the structures are divided between the ligature and the uterus. The organ can now be 
removed. The vagina is plugged with gauze, and the external wound closed in the usual 
way. The vagina acts as a drain, and therefore the opening into it is not sutured. 


THE FALLOPIAN TUBES 


The Fallopian tubes, or oviducts, convey the ova from the ovaries to the 
cavity of the uterus. They are two in number, one on each side, situated in the 
upper margin of the broad ligament, extending from each superior angle of the 
uterus to the side of the pelvis. Each tube is about four inches in length; and 
is described as consisting of three portions: (1) the isthmus, or inner constricted 
third; (2) the ampulla, or outer dilated portion, which curves over the ovary ; 
and (3) the infundibulum, with its ostium abdominale, surrounded by fimbrie, 
one of which is attached to the ovary, the fimbria ovarica. The Fallopian tube 
is directed outwards as far as the lower or uterine pole of the ovary, and then 


Fic. 780.—Broad ligament seen from behind. (Henle.) 
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ascends along the anterior border of the ovary as far as the upper or tubal pole, 
over which it arches; finally it turns downwards and ends in relation to the 
posterior border and inner surface of the ovary. The uterine opening is minute, 
and will only admit a fine bristle; the abdominal opening is somewhat, larger. 
In connection with the fimbriæ of the Fallopian tube, or with the broad ligament 
close to them, there are frequently one or more small pedunculated vesicles. 
These are termed the hydatids of Morgagni. 

Structure.—The Fallopian tube consists of three coats: serous, muscular, 
and mucous. 

The external or serous coat is peritoneal. 

The middle or muscular coat consists of an external longitudinal and an 
internal circular layer of muscular fibres continuous with those of the uterus. 

The internal or mucous coat is continuous with the mucous lining of the 
uterus, and, at the free extremity of the tube, with the peritoneum. It is thrown 
into longitudinal folds, which in-the outer, larger part of the tube, or ampulla, 
are much more extensive than in the narrow canal of the isthmus. The lining 
epithelium is columnar ciliated. This form of epithelium is also found on the 
inner surface of the fimbriæ; while on the outer or serous surfaces of these 
processes the epithelium gradually merges into the endothelium of the peri- 
toneum. 


THE OVARIES T 


THe OVARIES 


The ovaries (testes muliebres, Galen) are analogous to the testes in the male. 
They are two oval-shaped bodies, situated one on each side of the uterus in 
relation to the lateral wall of the pelvis, and attached to the back of the broad 
ligament of the uterus behind and below the Fallopian tubes. Each ovary 
presents an outer and an inner surface, an upper and a lower extremity, and an 
anterior and a posterior border. It lies in a shallow depression, named the 
fossa ovarii, on the lateral wall of the pelvis; this fossa is bounded above by the 
external iliac vessels, in front by the obliterated hypogastric artery, and behind 
by the ureter. The long axis of the ovary is vertical when the woman is 
standing erect. The wpper or tubal extremity is near the external iliac vein, 
while the lower or uterine end is directed downwards towards the pelvic floor. 
The outer surface is in contact with the parietal peritoneum, which lines the 
fossa ovarii; the inner surface is to a large extent covered by the fimbriated 
extremity of the Fallopian tube. The anterior or straight border is directed 
towards the obliterated hypogastric artery, and is attached to the back of the 
broad ligament by a short fold named the mesovarium. Between the two layers 
of this fold the blood-vessels and nerves pass to reach the hilus of the ovary. 
The posterior or conver border is free, and is directed towards the ureter. The 
Fallopian tube arches over the ovary, running upwards in relation to its anterior 
border, then curving over its upper or tubal pole, and finally passing downwards 
on its posterior border and inner surface. To its upper end is attached the 
ovarian fimbria of the Fallopian tube and a fold of peritoneum, the suspensory 
ligament of the ovary, which is directed upwards over the iliac vessels and 
contains the ovarian vessels. The lower end is usually narrower than the upper, 
and is attached to the lateral angle of the uterus immediately behind the 
Fallopian tube by a rounded cord termed the ligament of the ovary, which lies 
within the broad ligament and contains some non-striped muscular fibres. 

The exact position of the ovary has been the subject of considerable difference 
of opinion, and the description here given applies to the ovary of the nulliparous 
woman. The ovary becomes displaced during the first pregnancy, and probably 
never again returns to its original position. 

The ovaries are of a greyish-pink colour, and present either a smooth or a 
puckered, uneven surface. They are each about an inch and a half in length, 
three-quarters of an inch in width, and about a third of an inch in thickness, 
and weigh from one to two drachms. l 

Structure.— The ovary consists of a number of Graafian vesicles, embedded in 
the meshes of a stroma or framework, the surface of the ovary being covered by 
a layer of columnar cells which constitute the germinal epithelium of Waldeyer. 
This gives to the ovary a dull grey colour as compared with the shining smooth- 
ness of the peritoneum; and the transition between the pavement epithelium of 
the peritoneum and the columnar cells which cover the ovary is usually marked 
by a line around the anterior border of the ovary. — 

Stroma.—The stroma is a peculiar soft tissue, abundantly supplie w 
blood-vessels, consisting for the most part of spindle-shaped cells ie i small 
amount of ordinary connective tissue. These cells have been regarde - y << 
anatomists as unstriped muscle-cells, which, indeed, they most resembie A ae 
by others as connective-tissue cells (Waldeyer, Henle, and Kölliker). On A 
surface of the organ this tissue is much condensed, and forms a layer oe 
of short connective-tissue fibres, with fusiform cells between a: i r was 
formerly regarded as a distinct fibrous covering, and was ie e i 
albuginea, but is nothing more than a condensed layer of the stroma o 
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cortical layer in small numbers, and also ‘corpora lutea,’ the remains of follicles 
which have. burst and are undergoing atrophy and absorption. Beneath this 
superficial stratum, other large and more mature Graafian follicles are found 
embedded in the ovarian stroma. These increase in size as they recede from 
the surface towards a highly vascular stroma in the centre of the organ, termed 
the medullary substance (zona vasculosa, Waldeyer). This stroma forms the 
tissue of the hilus by which the ovary is attached, and through which the 
blood-vessels enter: it does not contain any Graafian follicles. 

The larger Graasian follicles consist of an external fibro-vascular coat, 
connected with the surrounding stroma of the ovary by a network of blood- 
vessels ; and an internal coat, named ovicapsule, which is lined by a layer of 
nucleated cells, called the membrana granulosa. The fluid contained in the 
interior of the vesicles is transparent and albuminous, and in it is suspended 
the ovum. In that part of the mature Graafian follicle which is nearest the 
surface of the ovary, the cells of the membrana granulosa are connected into 
a mass which projects into the cavity of the follicle. This is termed the discus 
proligerus, and in this the ovum is embedded.” 

The ova are usually regarded as being formed from the germinal epithelium 
on the surface of the ovary. This becomes thickened, and in it are seen some 


Fie, 781.—Section of the ovary. Fra. 782.—Section of the Graafian 
(After Schron.) follicle. (After Von Baer.) 
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stroma, which grows outwards 
between the tubes, and ultimately cuts them off from the germinal epithelium. 
These tubes are further subdivided into rounded nests or groups, each containing 
a primordial ovum which undergoes further development and growth while the 
surrounding cells of the nest form the epithelium of the Graafian follicle. t 

The development and maturation of the Graafian follicles and ova continue 
uninterruptedly from puberty to the end of the fruitful period of woman's life, 
while their formation commences before birth. Before puberty the ovaries are 
small, the Graafian follicles contained in them are disposed in a comparatively 
thick layer in the cortical substance ; here they present the appearance of a large 
number of minute closed vesicles, constituting the early condition of the Graafian 
follicles ; many, however, never attain full development, but shrink and dis- 
appear. At puberty the ovaries enlarge, and become more vascular, the Graafian 
follicles are developed in greater abundance, and their ova are capable of 
fecundation. 

Discharge of the ovuam.—The Graafian follicles, after gradually approaching 
the surface of the ovary, burst: the ovum and fluid contents of the follicles are 
liberated, and escape on the exterior of the ovary, passing thence into the 
Fallopian tube. 


* For a description of the ovum, see page 73. T See footnote on page 152. 
t This is effected either by application of the tube to the ovary, or by a curling 
upwards of the fimbriated extremity, so that the ovum is caught as it falls. 
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In the foetus, the ovaries are situated, like the testes, in the lumbar region, 
near the kidneys. They may be distinguished from those bodies at an early 
period by their elongated and flattened form, and by their position, which is 
at ti oblique and then nearly transverse. They gradually descend into the 
pelvis. 

Lying above the ovary in the broad ligament between it and the Fallopian 
tube is the organ of Rosenmiiller, called also the parovariwm or epodphoron. This 
is the reranant of a fcetal structure, the development of which is described on 
page 148. In the adult it consists of a few closed convoluted tubes, lined with 
epithelium, which converge towards the ovary at one end and at the other are 
united by a longitudinal tube, which is the homologue of the duct of Gartner in 
the cow. This duct terminates in a bulbous enlargement (see fig. 190). The 

arovarium is connected at its uterine extremity with the remains of the Wolffian 

uct. A few scattered rudimentary tubules, best seen in the child, are situated 
in the broad ligament between the parovarium and the uterus. These constitute 
the parodphoron of Waldeyer. 

Vessels and Nerves.—The arteries of the ovaries and Fallopian tubes are the 
ovarian from the aorta. Each enters the attached border, or hilus, of the corre- 
sponding ovary. The veins follow the course of the arteries ; they form a plexus 
near the ovary, the pampiniform plexus. The nerves are derived from the inferior 
hypogastric or pelvic plexus, and from the ovarian plexus, the Fallopian tube 
receiving a branch from one of the uterine nerves. 


MAMMARY GLANDS 


The mamme, or breasts, secrete the milk, and are accessory glands of the 
generative system. They exist in the male as well as in the female; but in the 
former only in the rudimentary state, unless their growth is excited by peculiar 
circumstances. In the female they are two large hemispherical eminences 
situated towards the lateral aspect of the pectoral region, corresponding to the 
intervals between the second and sixth ribs, and extending from the side of the 
sternum to near the mid-axillary line, their outer and lower parts resting on. the 
Serratus magnus muscles. Their weight and dimensions differ at different periods 
of life, and in different individuals. Before puberty they are of small size, but 
enlarge as the generative organs become more completely developed. They 
increase during pregnancy, and especially after delivery, and become atrophied 
in old age. The left mamma is generally a little larger than the right. Their 
bases are nearly circular, flattened or slightly concave, and have their long 
diameter directed upwards and outwards towards the axilla; they are separated 
from the Pectoralis major and Serratus magnus muscles hy a layer of fascia. 
The outer surface of the mamma is convex, and presents, just below the centre, 
a small conical prominence, the nipple (mammilla). The surface of the pane 
ig dark-coloured, and surrounded by an areola having a coloured tint. In the 
virgin the areola is of a delicate rosy hue; about the second month after 
impregnation it enlarges and acquires a darker tinge, which inoresik as 
pregnancy advances, becoming in some cases of a dark brown, or even a, 
colour. ‘This colour diminishes as soon as lactation 18 over, but is never entirely 
lost throughout life. These cna in the amen the a are of importance 
j rming a conclusion in & case O suspected first pregnancy. 

i "The mpple is a cylindrical or conical eminence, capable of undengaing a Box 
of erection from mechanical excitement, & change mainly due to the comme oA 
of its muscular fibres. It is of a pink or brownish hue, its surface wrinkled an 

yii - it j d by from fifteen to twenty orifices, 
provided with papillæ ; and it is perforated by Tipton ee e 
the apertures of the lactiferous ducts. Near the base of iho nipp A b Ps 
the surface of the areola, are numerous large sebaceous glands (glanas © 
gomery), which become much enlarged during a a puasa the “nee fatty 
of small tubercles beneath the skin. These glands oer ty pegs et 

which serves as a protection to the integument of the nipple ng 
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tissue, when freed from fibrous tissue and fat, is of a pale reddish colour, firm in 
texture, circular in form, flattened from before backwards, thicker in the centre 
than at the circumference, and presenting several inequalities on its surface, 
especially in front. It consists of numerous lobes, and these are composed of 
lobules, connected together by areolar tissue, blood-vessels, and ducts. The 
smallest lobules consist of a cluster of rounded alveoli, which open into the 
smallest branches of the lactiferous ducts: these ducts unite to form larger 
ducts, which terminate in a single canal, corresponding with one of the chief 
subdivisions of the gland. The number of excretory ducts varies from fifteen 
to twenty; they are termed the tubuli lactiferi, or galactophor1. They converge 
towards the areola, beneath which they form dilatations, or ampulle, which serve 
as reservoirs for the milk, and, at the base of the nipple, become contracted, 
and pursue a straight course to its summit, perforating it by separate orifices 
considerably narrower than the ducts themselves. The ducts are composed of 
areolar tissue, with longitudinal and transverse elastic fibres ; muscular fibres 
are entirely absent ; their mucous lining is continuous, at the point of the nipple, 
with the integument. The epithelium of the mammary gland differs according to 


Fic. 783.—Dissection of the lower half of the female breast during the 
period of lactation. (Luschka.) 
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the state of activity of the organ. In the gland of a woman who is not pregnant 
or suckling, the alveoli are very small and solid, being filled with a mass of 
granular polyhedral cells. During pregnancy the alveoli enlarge, and the cells 
undergo rapid multiplication. At the commencement of, lactation, the cells in 
the centre of the alveolus undergo fatty degeneration, and are eliminated in the 
first milk, as colostrum corpuscles. The peripheral cells of the alveolus remain, 
and form a single layer of granular, short columnar cells, with a spherical 
nucleus, lining the limiting membrana propria. The cells, during the state of 
activity of the gland, are capable of forming, in their interior, oil-globules, 
~~ are then ejected into the lumen of the alveolus, and constitute the milk- 
globules. 

The fibrous tissue invests the entire surface of the breast, and sends down 
septa, between its lobes, connecting them together. 

The fatty tissue surrounds the surface of the gland, and occupies the interval 
between its lobes. It usually exists in considerable abundance, and determines 
the form and size of the gland. There is no fat immediately beneath the areola 
and nipple. 
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Vessels and Nerves.—The arteries supplying the mamme are derived from 
the thoracic branches of the axillary, the intercostals, and internal mammary. 
The veins describe an anastomotic circle round the base of the nipple, called 
by Haller the circulus venosus. From this, large branches transmit the blood to 
the circumference of the gland, and end in the axillary and internal mammary 
veins. The lymphatics, for the most part, run along the lower border of the 
Pectoralis major to the axillary glands; some few, from the inner side of 
the breast, perforate the intercostal spaces and empty themselves into the 
anterior mediastinal glands. The nerves are derived from the anterior and 
lateral cutaneous nerves of the thorax. 


THE DUCTLESS GLANDS 


‘ow are certain organs which are very similar to secreting glands, but 
differ from them in one essential particular, viz. they do not possess 
any ducts by which their secretion is discharged. These organs are known as 
ductless glands. They are capable of internal secretion—that is to say, of 
forming substances, out of materials brought to them in the blood, which have 
a certain influence upon the nutritive changes going on in the body. This 
secretion is carried away, either directly by the veins into the blood-stream, or 
indirectly through the medium of the lymphatics. 

These glands include the thyroid and the parathyroids, the thymus, the 
spleen, and the suprarenal capsules, which will be described in this section. 
They also include the lymphatic glands, which have already been described 
in the section on the Vascular System; and the small coccygeal and carotid 
bodies, which have been alluded to in the same section. 


Tug Taoyrorp Bopy 


The Thyroid Body is a highly vascular organ, situated at the front and sides 
of the neck, and consists of two lateral lobes connected across the middle line 
by a narrow transverse portion, the isthmus. 

The weight of the thyroid body is somewhat variable but is usually about 
one ounce. It is slightly heavier in the female, in whom it becomes enlarged 
during menstruation and pregnancy. 

The lobes are conical in shape, the apex of each being directed upwards and 
outwards as far as the junction of the middle with the lower third of the thyroid 
cartilage; the base looks downwards, and is on a level with the fifth or sixth 
tracheal ring. 

The external or superficial surface is convex, and covered by the skin, the 
superficial and deep fasciz, the Sterno-mastoid, the anterior belly of the Omo- 
hyoid, the Sterno-hyoid and Sterno-thyroid muscles, and beneath the last muscle 
b ue pre-tracheal layer of the deep fascia, which forms a capsule for the 
gland. 

The deep or internal surface is moulded over the underlying structures, viz. 
the thyroid and cricoid cartilages, the trachea, the Inferior constrictor and 
posterior part of the Crico-thyroid muscles, the cesophagus (particularly on 
the left side of the neck), the superior and inferior thyroid arteries, and the 
recurrent laryngeal nerves. 

The anterior border is thin, and inclines obliquely from above downwards and 
inwards towards the middle line of the neck, while the posterior border is thick 
and overlaps the common carotid artery. Each lobe is about two inches in 
length, its greatest width is about an inch and a quarter, and its thickness 
about three-quarters of an inch. 

The isthmus connects together the lower thirds of the two lateral lobes ; 
if measures about half an inch in breadth, and the same in depth, and usually 
covers the second and third rings of the trachea. Its situation and size present, 
however, many variations—facts of importance in the operation of tracheotomy. 
In the middle line of the neck it is covered by the skin and fascia, and close to 
the middle line, on either side, by the Sterno-hyoid. Across its upper border 
runs a branch of the superior thyroid artery; at its lower border are the inferior 
thyroid veins. Sometimes the isthmus is altogether wanting. 

A third lobe, of conical shape, called the pyramid, frequently arises from the 
upper part of the isthmus, or from the adjacent portion of either lobe, but most 
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commonly the left, and ascends as high as the hyoid bone. It is occasionally 
quite detached, or may be divided into two or more parts. 

A fibrous or muscular band is sometimes found attached, above, to the body 
of the hyoid bone, and below to the isthmus of the gland, or its pyramidal 
procéss. When muscular, it is termed the Levator glandule thyrowdee. 

Small detached portions of thyroid tissue are sometimes found in the 
vicinity of the lateral lobes or above the isthmus. These are termed accessory 
thyroids. 

Structure.—The thyroid body is invested by a thin capsule of connective 
tissue, which projects into its substance and imperfectly divides it into masses of 
irregular form and size. When the organ is cut into, it is of a brownish-red 
colour, and is seen to be made up of a number of closed vesicles, containing a 
yellow glairy fluid, and separated from each other by intermediate connective 
tissue. 

According to Baber, the vesicles of the thyroid of the adult animal are 
generally closed cavities; but in some young animals (e.g. young dogs) the 
vesicles are more or less tubular and branched. This appearance he supposes 
to be due to the mode of growth of the gland, and merely indicating that an 


Fic. 784.—Minute structure of thyroid. From transverse section of the 
thyroid of a dog. (Semi-diagrammatic.) (Baber.) 
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increase in the number of vesicles is taking place. Each vesicle is lined by 
a single layer of epithelium, the cells of which, though differing somewhat 1n 
shape in different animals, have always a tendency to assume a columnar form. 
Between the epithelial cells exists a delicate reticulum. The vesicles are of 
various sizes and shapes, and contain as a normal product a viscid, homo 
geneous, semi-fluid, slightly yellowish material, which frequently contains miea } 
red corpuscles are found in it in various stages of disintegration and deco ou 
sation, the yellow tinge being probably due to the hemoglobin, which ia t ae 
get free from the coloured corpuscles. Baber has also described in the ean 
gland of the dog large round cells (‘ parenchymatous cells ’), each provide ae 
a single oval-shaped nucleus, which migrate into the interior of the gland- 
eske od-vessels form a dense plexus in“ the connective tissue 


The capillary blo , no 
around the vesicles, between the epithelium of the i bee Site — 2 


of the lymph-spaces, which latter surround a greater ; 

Semaine of the vesicle. These lymph-spaces empty themselves into lyar 
phatic vessels which run in the interlobular connective tissue, not a Sapte y 
surrounding the arteries which they accompany, and communicate = i = oe - 
work in the capsule of the gland. Baber has found in the lymphatics ot the 
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thyroid a viscid material which is morphologically identical with the normal 
constituent of the vesicle. 

Vessels and Nerves.—The arteries supplying the thyroid are the superior and 
inferior thyroid, and sometimes an additional branch (thyroidea media, or ima) 
from the innominate artery, or the arch of the aorta, which ascends upon the 
front of the trachea. The arteries are remarkable for their large size and 
frequent anastomoses. The veins form a plexus on the surface of the gland, 
and on the front of the trachea, from which arise the superior, middle, and 
inferior thyroid veins; the superior and middle terminate in the internal jugular, 
the inferior in the innominate vein. The lymphatics are numerous, of large size, 
and end in the thoracic and right lymphatic ducts. The nerves are derived from 
the middle and inferior cervical ganglia of the sympathetic. 


Surgical Anatomy.—The thyroid gland is subject to enlargement, which is called 
goitre. This may be due to hypertrophy of any of the constituents of the gland. The 
simplest (parenchymatous goitre) is due to an enlargement of the follicles. The fibroid 
is due to increase of the interstitial connective tissue. The cystic is that in which one 
or more large cysts are formed from dilatation and possibly coalescence of adjacent 

ee The pulsating goitre is ia 
78e —Mi the vascular changes predominate over the 
eae? a filage thymus parenchymatous, and the vessels of the gland 
are especially enlarged. Finally, there is the 
exophthalmic goitre (Graves’s disease), where 
there is great vascularity and often pulsation 
accompanied by exophthalmos, palpitation, 
and rapid pulse. 

A large number of cases of what were 
formerly supposed to be goitre are now 
known to be cases of adenomatous enlarge- 
ment, where an adenoma, starting in one 
part of the gland, gradually spreads and 
involves the whole organ. 

Where, in spite of treatment, a goitre 
continues to grow, especially when symptoms 
of tracheal pressure are commencing, opera- 
tive interference becomes necessary. In a 
certain percentage of cases, division of the 
isthmus is attended with satisfactory results, 
particularly in relieving the respiration. It 
is a comparatively simple operation, and con- 
sists in making an incision in the median 
line of the neck, exposing the isthmus, liga- 
turing it at either end and excising the inter- 
mediate portion. Partial extirpation of the 

5 a mA aa viz. one lateral lobe, and possibly the 
1. Upper portion of the thymus of a tcetal pig of 2” in isthmus, is a more radical proceeding, but is 
demente a Ces of the thymus, mostiy froma man, attended with difficulty and danger: from 
a. Free nuclei. 6, Small cells. c. Larger. d. Larger, hemorrhage, which may be almost uncon- 
ee ik ae at | lous ects om Peer.  trollable if the capsule is accidentally opened ; 
centric bodies ; g. An encapsulated nucleated cell. from. risk of wounding the internal jugular 
h. A composite structure of a similar nature, vein or the recurrent laryngeal nerve. It 
must be borne in mind that the removal of 
the whole of the thyroid body is followed by myxcedema. In performing the operation, 
the particular form of external incision may be varied according to circumstances; and 
the points to bear in mind are that care must be taken to avoid tearing the capsule, 
and that the thyroid arteries should be ligatured before an attempt is made to remove 
the body. In ligaturing the inferior thyroid artery, the position of the recurrent laryngeal 
nerve must be borne in mind, so as not to include it in the ligature. 





Parathyroids.— These are small brownish-red bodies, with an average 
diameter of about a quarter of an inch, situated near the thyroid gland, from 
which, however, they differ in structure, being composed of masses of cells 
arranged in a more or less columnar fashion with numerous intervening 
capillaries. They measure on an average about a quarter of an inch in length, 
and from a sixth to an eighth of an inch in breadth, and usually present the 
appearance of flattened oval dises. They are divided, according to their situation, 
into postero-supertor and antero-inferior. The postero-superior, usually two in 
number, are the more constant in position, and are situated, one on each side, at 
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the level of the lower border of the cricoid cartilage, behind the junction of the 
pharynx and cesophagus and in front of the prevertebral fascia. The antero- 
inferior, also usually two in number, may be applied to the lower edge of the 
lateral lobe, or placed at some little distance below the thyroid body, or found 
in relation to one of the inferior thyroid veins.* 


THe Tuymus GLAND 


The Thymus Gland is a temporary organ, attaining its full size at the end 
of the second year, when it ceases to grow, and gradually dwindles, until at 
puberty it has almost disappeared. If examined when its growth is most active, 
it will be found to consist of two lateral lobes placed in close contact along the 


Fic. 786.—Minute structure of thymus gland. Follicle of injected thymus from calf, four 
days old, slightly diagrammatic, magnified about 50 diameters. The large vessels are 
disposed in two rings, one of which surrounds the follicle, the other lies just within the 
margin of the medulla. (Watney.) 
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3 Pas n a hake small oval masses of hemoglobin. Similar eells are found in the lymph-g , 


spleen, and medulla of bone. B. Coloured blood-corpuscles. 


i j j i i iastinum, partly in the neck, and 
line, situated partly in the superior medias 
Sean fom the aan "asia cary aee Mies mie hy T y ea ooper 
of the thyroid gland. It is covered by the SIOUN mA E 
void and Sterno-thyroid muscles. Below, it rests up 
AE a RA from the E of the aorta and great vessels Et ye o RSIR, 
In the neck it lies on the front mae OC i bs n e pins i - x 
„thyroid muscles. The two lobes gene 3 
Sea A go as to form a single mass ; and sometimes separated 
* See article concerning the parathyroid glands, by Welsh, Journal of Anatomy and 
Physiology, vol. xxxii. 
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by an intermediate lobe. The thymus is of a pinkish-grey colour, soft and 
lobulated on its surfaces. It is about two inches in length, one and a half in 
breadth below, and about three or four lines in thickness. At birth it weighs 
about half an ounce. 

Structure.—Hach lateral lobe is composed of numerous lobules, held together 
by delicate areolar tissue; the entire gland being enclosed in an investing 
capsule of a similar but denser structure. The primary lobules vary in size from 
a pin’s head to a small pea, and are made up of a number of small nodules or 
follicles, which are irregular in shape and are more or less fused together, 
especially towards the interior of the gland. Hach follicle consists of a 
medullary and a cortical portion, which differ in many essential particulars from 
each other. The cortical portion is mainly composed of lymphoid cells, sup- 
ported by a delicate reticulum. In addition to this reticulum, of which traces 
only are found in the medullary portion, there is also a network of finely 
branched cells, which is continuous with a similar network in the medullary 
portion. This network forms an adventitia, to the blood-vessels. In the 
medullary portion there are but few lymphoid cells, but there are, especially 
towards the centre, granular cells and concentric corpuscles. The granular cells 
are rounded or flask-shaped masses, attached (often by fibrillated extremities) to 
blood-vessels and to newly formed connective tissue. The concentric corpuscles 
are composed of a central mass, consisting of one or more granular cells, and of 
a capsule which is formed of epithelioid cells, which are continuous with the 
branched cells forming the network mentioned above. 

Each follicle is surrounded by a capillary plexus, from which vessels pass 
into the interior, and radiate from the periphery towards the centre, and form a 
second zone just within the margin of the medullary portion. In the centre of 
the medulla there are very few vessels, and they are of minute size. 

Watney has made the important observation that hemoglobin is found in 
the thymus, either in cysts or in cells situated near to, or forming part of, the 
concentric corpuscles. This hemogoblin varies from granules to masses exactly 
resembling coloured blood-corpuscles, oval in the bird, reptile, and fish; circular 
in all mammals, except in the camel. He has also discovered, in the lymph 
issuing from the thymus, similar cells to those found in the gland, and, like 
them, containing hemoglobin, in the form of either granules or masses. From 
these facts he arrives at the physiological conclusion that the thymus is one 
source of the coloured blood-corpuscles. 

Vessels and Nerves.—The arteries supplying the thymus are derived from 
the internal mammary, and from the superior and inferior thyroid. The veins 
terminate in the left innominate vein, and in the thyroid veins. The lymphatics 
are of large size, arise in the substance of the gland, and are said to terminate in 
the internal jugular vein. The nerves are exceedingly minute; they are derived 
from the pneumogastric and sympathetic. Branches from the descendens hypo- 
glossi an prem reach the investing capsule, but do not penetrate into the 
substance of the gland. 


THE SPLEEN 


The Spleen is situated principally in the left hypochondriac region, its upper 
and inner extremity extending into the epigastric region; lying between the 
fundus of the stomach and the Diaphragm. It is the largest of the ductless 
glands, and measures about five inches in length. It is of an oblong, flattened 
pe soft, of very brittle consistence, highly vascular, and of a dark purplish 
colour. 

Surfaces.— The external or diaphragmatic surface is convex, smooth, and is 
directed upwards, backwards, and to the left, except at its upper end, where it 
is directed slightly inwards. It is in relation with the under surface of the 
Diaphragm, which separates it from the ninth, tenth, and eleventh ribs of the 
left side, and the intervening lower border of the left lung and pleura. 

The internal surface is divided by a ridge into an anterior or gastric, and a 
posterior or renal portion. 

The gastric surface, which is directed forwards and inwards, is broad and 
concave, and is in contact with the posterior wall of the great end of the stomach ; 
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and below this with the tail of the pancreas. It presents near its inner border 
a long fissure, termed the hilus. This is pierced by several irregular apertures, 
for the entrance and exit of vessels and nerves. 

The renal surface is directed inwards and downwards. It is somewhat 
flattened, is considerably narrower than the gastric surface, and is in relation 
with the upper part of the outer surface of the left kidney and occasionally with 
the left suprarenal capsule. 

The upper end is directed inwards, towards the vertebral column, where it 
lies on a level with the eleventh dorsal vertebra. The lower end, sometimes 
termed the basal surface, is flat, triangular in shape, and rests upon the splenic 
flexure of the colon and the phreno-colic ligament, and is generally in contact 
with the tail of the pancreas. The anterior border is free, sharp, and thin, and 
is often notched, especially below. It separates the phrenic from the gastric 
surface. The posterior border is more rounded and blunter than the anterior. 
It separates the renal surface from the diaphragmatic surface. It corresponds 
to the lower border of the eleventh rib and lies between the Diaphragm and 


Fic. 787.—The spleen, showing its gastric and renal surfaces. 
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> oi edule is ames from 1 to 320 and 400. In old age, the organ not only 
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diminishes in weight, but decreases considerably in proportion to the entire 
body, being as 1 to 700. The size of the spleen is increased during and after 
digestion, and varies according to the state of nutrition of the body, being large — 
in highly fed, and small in starved animals. In malarial fever it becomes much 
enlarged, weighing occasionally from eighteen to twenty pounds. 

Frequently in the neighbourhood of the spleen, and especially in the gastro- 
splenic and great omenta, small nodules of splenic tissue may be found, either 
isolated or connected to the spleen by thin bands of splenic tissue. They are 
known as supernumerary or accessory spleens. They vary in size from a pea to 
a plum. 

* structure.—The spleen is invested by two coats: an external serous, and an 
internal fibro-elastic coat. 

The external or serous coat is derived from the peritoneum; it is thin, 
smooth, and in the human subject intimately adherent to the fibro-elastic coat. 
It invests the entire organ, except at the hilus and along the lines of reflection 
of the lieno-renal ligament and gastro-splenic omentum. 

The fibro-elastic coat forms the framework of the spleen. It invests the 
organ, and at the hilus is reflected inwards upon the vessels in the form 


Fig. 788.—Transverse section of the spleen, 
showing the trabecular tissue and the splenic vein and its tributaries. 
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of sheaths. From these sheaths, as well as from the inner surface of the 
fibro-elastic coat, numerous small fibrous bands, trabeculæ (fig. 789), are given 
off in all directions ; these uniting, constitute the framework of the spleen. This 
resembles a sponge-like material, consisting of a number of small spaces or 
areolæ, formed by the trabeculæ, which are given off from the inner surface of 
the capsule, or from the sheaths prolonged inwards on the blood-vessels. In 
these spaces or areole is contained the splenic pulp. 

The proper coat, the sheaths of the vessels and the trabeculæ, consist of a 
dense mesh of white and yellow elastic fibrous tissues, the latter predominating. 
It is owing to the presence of this tissue that the spleen possesses a considerable 
amount of elasticity, which allows of the very great variations in size that it 
presents under certain circumstances. In addition to these constituents of this 
tunic, there is found in man a small amount of non-striped muscular fibre ; and 
in some mammalia (e.g. dog, pig, and cat) a large amount, so that the trabecule 
appear to consist chiefly of muscular tissue. It is probably owing to this 
structure that the spleen exhibits, when acted upon by the galvanic current, 
faint traces of contractility. 

The proper substance of the spleen, or spleen pulp, is a soft mass of a dark 
reddish-brown colour, resembling grumous blood. When examined, by means 
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of a thin section, under the microscope, it is found to consist of a number of 
branching cells, and of an intercellular substance. The cells are connective- 
tissue corpuscles, and have been named the sustentacular or supporting cells of 
the pulp. The processes of these branching cells communicate with each other, 
thus forming a delicate reticulated tissue in the interior of the areole formed by 
the trabecule of the capsule, so that each primary space may be considered to 
be divided into a number of smaller spaces by the junction of the processes of 
the branching corpuscles. These secondary spaces are full of blood, in which, 
however, the white corpuscles are found to be in larger proportion than they 
are in ordinary blood. Large, rounded cells, termed splenic cells, are also seen ; 
these are capable of amceboid movement, and often contain pigment and red 
blood-corpuscles in their interior. The sustentacular cells are either small, uni- 
nucleated, or larger, multi-nucleated cells; they do not stain deeply with carmine, 
and in this respect differ from the cells of the Malpighian bodies, presently to 
be described (W. Miiller), but like these cells they possess amceboid move- 
ments (Cohnheim). In many of them may be seen deep red or reddish-yellow 
granules of various sizes, which present the characters of the hematin of the 
blood. Unchanged blood-discs may be seen in these cells, but more frequently 
blood-dises are found which are altered both in form and colour. In fact, blood- 


Fie. 789.—Transverse section of the human spleen, 
showing the distribution of the splenic artery and its branches. 
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cles in all stages of disintegration may be noticed to occur within them. 
Klan hes pointed out that Series these cells, in the young ea She 
a proliferating nucleus ; that is to say, the nucleus is of large ae f- ue p 
a number of knob-like projections, as if small nuclei were bud ing rom A ve 
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It divides into six or more branches, which enter the hilus o p 
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interstices of the reticulum formed by the branched sustentacular cells. Hach 
of the larger branches of the artery supplies chiefly that region of the organ in 
which the branch ramifies, having no anastomosis with the majority of the other 
branches. 

The arterioles, supported by the minute trabecule, traverse the pulp in all 
directions in bundles or pencilli of straight vessels. Their external coat, on 
leaving the trabecular sheaths, consists of ordinary connective tissue, but it 
gradually undergoes a transformation, becomes much thickened, and converted 
into adenoid material.* This change is effected by the conversion of the con- 
nective tissue into adenoid tissue; the bundles of connective tissue becoming 
looser and laxer, their fibrils more delicate, and containing in their interstices 
an abundance of lymph-corpuscles (W. Müller). 

The altered coat of the arterioles, consisting of adenoid tissue, presents here 
and there thickenings of a spheroidal shape, the Malpighian bodies of the spleen. 
These bodies vary in size from about ry of an inch to yẹ of an inch in 
diameter. They are merely local expansions or hyperplasie of the adenoid 
tissue, of which the external coat of the smaller arteries of the spleen is formed. 
They are most frequently found surrounding 
the arteriole, which thus seems to tunnel 
them, but occasionally they grow from one 
side of the vessel only, and present the ap- 
pearance of a sessile beet growing from the 
arterial wall. Klein, however, denies this, and 
says it is incorrect to describe the Malpighian 
bodies as isolated masses of adenoid tissue, 
but that they are always formed around an 
artery, though there is generally a greater 
amount on one side than on the other, and 
that, therefore, in transverse sections, the 
artery, in the majority of cases, is found in an 
eccentric position. These bodies are visible to 
the naked eye on the surface of a fresh section 
of the organ, appearing as minute dots of a 
semi-opaque whitish colour in the dark sub- 
stance of the pulp. In minute structure they 
resemble the adenoid tissue of lymphatic 


Fra. 790.—Part of a Malpighian 
capsule of the spleen of man. 
(Klein and Noble Smith.) 
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a. Arterial branch in longitudinal section. 
b. Adenoid tissue, still containing the lymph- 
corpuscles; only their nuclei are shown, 


glands, consisting of a delicate reticulum, in 
the meshes of which lie ordinary lymphoid 
cells. 


cĉ. Adenoid reticulum, the lymph-corpuscles 
accidentally removed. The reticulum of the tissue is made up of 
l extremely fine fibrils, and is comparatively 
open in the centre of the corpuscle, becoming closer at its periphery. The cells 
which it encloses, like the supporting cells of the pulp, are possessed of amceboid 
movements, but when treated with carmine become deeply stained, and can be 
easily recognised from those of the pulp. 

_ The arterioles terminate in capillaries, which traverse the pulp in all direc- 
tions ; their walls become much attenuated, lose their tubular character, and the 
cells of the adenoid tissue of which they are composed become altered, present- 
ing a branched appearance, and acquiring processes which are directly connected 
with the processes of the sustentacular cells of the pulp (fig. 791). In this 
manner the capillary vessels terminate, and the blood flowing through them finds 
its way into the interstices of the reticulated tissue formed by the branched 
connective-tissue corpuscles of the splenic pulp. Thus the blood passing through 
the spleen is brought into intimate relation with the elements of the pulp, and 
no doubt undergoes important changes. 

_ After these changes have taken place the blood is collected from the inter- 
stices of the tissue by the rootlets of the veins, which commence much in the 
same way as the arteries terminate. Where a vein is about to commence the 
connective-tissue corpuscles of the pulp arrange themselves in rows, in such a 


* According to Klein, it is the sheath of the small vessel which undergoes this 
transformation, and forms a ‘solid mass of adenoid tissue which surrounds the vessel 
like a cylindrical sheath.’—Atlas of Histology, p. 424. 
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way as to form an elongated space or sinus. They become changed in shape, 
being elongated and spindle-shaped, and overlap each other at their extremities. 
They thus form a sort of endothelial lining of the path or sinus, which is the 
radicle of a vein. On the outer surface of these cells are seen delicate transverse 
lines or markings, which are due to minute elastic fibrillæ arranged in a circular 
manner around the sinus. Thus the channel obtains an external investment, 
and gradually becomes converted into a small vein, which after a time presents 
a coat of ordinary connective tissue, lined by a layer of fusiform epithelial cells, 
which are continuous with the spor cells of the pulp. The smaller veins 
unite to form larger ones, which do not accompany the arteries, but soon enter 
the trabecular sheaths of the capsule, and by their junction form six or more 
branches, which emerge from the hilus, and, uniting, constitute the splenic vein, 
the largest radicle of the vena portæ. 

The veins are remarkable for their numerous anastomoses, while the arteries 
hardly anastomose at all. 

The lymphatics originate in two ways, i.e. from the sheaths of the arteries 
and in the trabeculae. The former accompany the blood-vessels, the latter pass 


Fra. 791.—Section of spleen, showing the termination of the small blood-vessels. 
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or without any obtainable history of previous disease. It may also become enlarged in 
lymphadenoma, as a part of a general blood-disease. In these cases the tumour may fill 
a considerable part of the abdomen and extend into the pelvis, and may be mistaken for 


ovarian or uterine disease. 

The spleen is sometimes the seat of cystic tumours, especially hydatids, and of abscess. 
These cases require treatment by incision and drainage ; and in abscess great care must 
be taken, if there are no adhesions between the spleen and abdominal wall, to prevent 
the escape of any of the pus into the peritoneal cavity. If possible the operation should 
be performed in two stages. Sarcoma and carcinoma are occasionally found in the 
spleen, but very rarely as a primary disease. 

Extirpation of the spleen has been performed for wounds or injuries, in floating spleen, 
in simple hypertrophy, and in leukemic enlargement; but in the last condition the 
operation is now regarded as unjustifiable, as every case in which it has been performed 
has terminated fatally. The incision is best made in the left semilunar line; the spleen 
is isolated from its surroundings, and the pedicle transfixed and ligatured in two portions, 
before the tumour is turned out of the abdominal cavity, if this is possible, so as to avoid 
any traction on the pedicle, which may cause tearing of the splenic vein. In applying 
the ligature care must be taken not to include the tail of the pancreas, and in lifting out 


the organ to avoid rupturing the capsule. 


SuPRARENAL CAPSULES 


The Suprarenal Capsules are two small flattened bodies, of a yellowish colour, 
situated at the back part of the abdomen, behind the peritoneum, and immediately 
above and in front of the upper end of each kidney; hence their name. The 
right one is somewhat triangular in shape, bearing a resemblance to a cocked 
hat: the left is more semilunar, usually larger and placed at a higher level than 
the right. They vary in size in different individuals, being sometimes so small 
as to be scarcely detected: their usual size is from an inch and a quarter to 
nearly two inches in length, rather less in width, and from two to three lines in 
thickness. Their average weight is from one to one and a half drachms each. 

Relations.—The relations of the suprarenal capsules differ on the two sides 
of the body. The right suprarenal is situated behind the inferior vena cava and 
right lobe of the liver, and in front of the Diaphragm and upper end of the right 
kidney. It is roughly triangular in shape ; its base, directed downwards, is in 
contact with the inner and anterior aspects of the upper end of the right kidney. 
It presents two surfaces for examination, an anterior and posterior. The anterior 
surface looks forwards and outwards, and has two areas: an inner, narrow 
and non-peritoneal, which lies behind the inferior vena cava ; and an outer, 
somewhat triangular, in contact with the liver. The upper part of this latter 
surface is devoid of peritoneum, and is in relation with the bare area of the 
liver near its lower and inner angles, while its inferior portion is covered by 
peritoneum, reflected on to it from the inferior layer of the coronary ligament. 
A little below the apex, and near the anterior border of the capsule, is a short 
furrow termed the hilus, from which the suprarenal vein emerges to join the 
inferior vena cava. The posterior surface is divided into upper and lower parts 
by a curved ridge: the upper, slightly convex, rests upon the Diaphragm; the 
lower, concave, is in contact with the upper end and the adjacent part of the 
anterior surface of the kidney. The left suprarenal, slightly larger than the 
right, is crescentic in shape, its concavity being adapted to the inner border of 
the upper part of the left kidney. It presents an inner border which is convex, 
and an outer which is concave; its upper border is narrow, and. its lower 
rounded. Its anterior surface has two areas: an upper one, covered by the 
peritoneum forming the lesser sac, which separates it from the cardiac end of the 
stomach and sometimes from the superior extremity of the spleen; and a lower 
one, which is in contact with the pancreas and splenic artery, and is therefore 
not covered by the peritoneum. On the anterior surface, near its lower end, is 
a furrow or hilus which is directed downwards and forwards, and from which the 
suprarenal vein emerges. Its posterior surface presents a vertical ridge, which 
divides it into two areas. The ridge lies in the sulcus between the kidney and 
crus of the Diaphragm, while the outer area, which is thin, rests on the kidney, 
and the inner and smaller area on the left crus of the Diaphragm. 

The surface of the suprarenal capsule is surrounded by areolar tissue 
containing much fat, and closely invested by a thin fibrous coat, which is 
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difficult to remove, on account of the numerous fibrous processes and vessels 
which enter the organ through the furrows on its anterior surface and base. 

Small accessory suprarenals are often to be found in the connective tissue 
around the suprarenals. The smaller of these, on section, show a uniform surface, 
but in some of the larger a distinct medulla can be made out. 

Structure——On making a perpendicular section, the suprarenal capsule is. 
seen to consist of two substances: external or cortical, and internal or medullary. 
The former, which constitutes the chief part of the organ, is of a deep yellow 


Fig. 792.—Vertical section of the suprarenal Fre. 793.—Minute structure of 
capsule. (From Elberth, in Stricker’s, suprarenal capsule. 
‘Manual.’) 
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Fic. 794.—Minute structure of 
suprarenal capsule. 
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granular in appearance, and contain a spherical nucleus, and not icy 
fat-globules. These groups of cells do not entirely fill the spaces, an thus 
between them and the trabeculs of the framework is a channel, which is believed 
to be a lymph path or sinus, and which communicates with certain passages 
between the cells composing the group. The lymph path is supposed to open 
into a plexus of efferent lymphatic vessels which are contained in the capsule. 

In the medullary portion, the fibrous stroma seems to be collected together 
into a much closer arrangement, and forms bundles of connective tissue which 
are loosely applied to the large plexus of veins of which this part of the organ 
mainly consists. In the interstices lie a number of cells compared by Frey to 
those of columnar epithelium. They are coarsely granular, do not contain any 
fat, and some of them are branched. Luschka has affirmed that these branches 
are connected with the nerve-fibres of a very intricate plexus which is found in 
the medulla; this statement has not been verified by other observers, for the 
tissue of the medullary substance is less easy to make out than that of the 
cortical, owing to its rapid decomposition. 

The numerous arteries which enter the suprarenal bodies, from the sources 
mentioned below, penetrate the cortical part of the gland, where they break up 
into capillaries in the fibrous septa, and these converge to the very numerous 
veins of the medullary portion, which are collected together into the suprarenal 
veiny which emerges from the hilus of the gland. 

The arteries supplying the suprarenal capsules are numerous and of com- 
paratively large size; they are derived from the aorta, the phrenic, and the 
renal; they subdivide into numerous minute branches previous to entering the 
substance of the gland. 

The suprarenal vein returns the blood from the medullary venous plexus and 
receives several branches from the cortical substance; on the right side it opens 
into the inferior vena cava, on the left into the renal vein. 

The lymphatics terminate in the lumbar glands. 

The nerves are exceedingly numerous, and are derived from the solar and 
renal plexuses, and, according to Bergmann, from the phrenic and pneumogastric 
nerves. They enter the lower and inner part of the capsule, traverse the cortex, 
and terminate around the cells of the medulla. They have numerous small 
ganglia developed upon them, from which circumstance the. organ has been 
conjectured to have some function in connection with the sfmpathetic nervous 
system. 


THE SURGICAL ANATOMY OF 
INGUINAL HERNIA 


Dissection (fig. 410).—-For dissection of the parts concerned in inguinal hernia, a male 
subject, free from fat, should always be selected. The body should be placed in the 
supine position, the abdomen and pelvis raised by means of blocks, and the lower 
extremities rotated outwards, so as to make the parts as tense as possible. If the 
abdominal walls are flaccid, the cavity of the abdomen should be inflated through an 
aperture made at the umbilicus. An incision should be made along the middle line, 
from a little below the umbilicus to the symphysis pubis, and continued along the front 
of the scrotum; and a second incision, from the anterior superior spine of the ilium 
to just below the umbilicus, These incisions should divide the integument; and the 
triangular-shaped flap included between them should be reflected downwards and out- 
wards, when the superficial fascia will be exposed. 


The superficial fascia of the abdomen.—This fascia has already been described 
(page 482). In the neighbourhood of the groin it is divisible into two layers, 
between which are found the superficial vessels and nerves and the superficial 
inguinal lymphatic glands. The superficial layer (fascia of Camper) forms part 
of the general subcutaneous fatty covering of the body ; the deeper layer (fascia 
of Scarpa) is thinner and more membranous in character. In the middle line 
it is intimately adherent to the linea alba ; below, it blends with the inner half 
of Poupart’s ligament and with the fascia lata of the thigh below the ligament ; 
below and internally, in the male, it can be traced as a thin layer along the cord 
over the scrotum and penis and onwards into the perineum, where it blends 
with the deep layer of the superficial fascia. In the female, it is continued into 
the labia majora. 

In the inguinal region, three small branches of the femoral artery—the 
superficial epigastric, the superficial circumflex iliac, and the superficial external 
pudic—ramify in this fascia, and distribute branches to the superficial inguinal 
lymphatic glands and the integument (see page 701). The veins accompanying 
these vessels are usually much larger than the arteries: they terminate in the 
internal saphenous vein. . l 

The integument in this situation is sup lied by the hypogastric branch of the 
ilio-hypogastric nerve, which is distributed to the hypogastric region ; and the 
ilio-inguinal, which is distributed to the integument of the upper and inner part 
of the thigh, and to the scrotum in the male and the labium 1n the female. 

The superficial inguinal lymphatic glands are situated between the two layers 
of the superficial fascia ; they are of large size, and vary from eight to twenty 1n 
number. They are divisible into two groups: an upper, disposed irregularly 
along Poupart’s ligament, which receives the lymphatic vessels from the 
integument of the scrotum, penis, and the mucous membrane of the urethra in 
the male, and the lower part of the vagina and urethra in the female ; also from 
the parietes of the abdomen, below the level of the umbilicus, and from the 
perineal and gluteal regions : and an inferior group, which surrounds the 
saphenous opening in the fascia lata, a few lymphatics being sometimes canes 
along the saphenous vein to a ne exten tae inferior group receives the 

erficial Lymphatic vessels from the lower extremity. ) 
mage 4 vamo viie these superficial structures, the aponeurosis of the istarga 
oblique muscle of the abdomen is exposed. This has already been dongs) e 
(page 483). Just above and to the outer side of the crest of the os pa is, an 
interval may be seen in this aponeurosis, called the external abdommat ring. 
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This is formed by a splitting of the fibres of the aponeurosis, which diverge from 
oach other, to be inserted into the symphysis pubis and the spine of the os pubis 
respectively, forming a triangular opening, the base of which is the crest of the 
os pubis. These diverging fibres are called the columns or pillars of the ring 
age 485). 
EA A abdominal ring gives passage to the spermatic cord in the male 
and the round ligamènt in the female, and through it an inguinal hernia descends. 
It is much larger in men than in women, on account of the greater size of the 
spermatic cord as compared with the round ligament of the uterus; and hence 
the great frequency of inguinal hernia in men. l 
Stretching across between the two pillars of the external abdominal ring and 
the lower part of the aponeurosis of the External oblique is a series of curved 


Fic. 795.—Inguinal hernia. Superficial dissection. 
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tendinous fibres (intercolumnar fibres). They are thickest below, where they 
arise from Poupart’s ligament; and are inserted into the linea alba, describing 
a curve, with the convexity downwards. The fibres are connected together by 
delicate fibrous tissue, and thus constitute a fascia which is called the inter- 
columnar fascia, which forms an envelope for the spermatic cord or round 
ligament, after they have passed through the external abdominal ring. It 
constitutes one of the coverings of an inguinal hernia, when it descends into the 
scrotum. 

If the finger be introduced a short distance into the external- ring, and the 
limb is extended and rotated outwards, the aponeurosis of the External oblique, 
together with the iliac portion of the fascia lata, will be felt to become tense, 
and the external ring much contracted; if the limb, on the contrary, be flexed 
upon the pelvis and rotated inwards, this aponeurosis is relaxed, and the 
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external ring sufficiently enlarged to admit the finger with comparative ease ; 
hence the patient should always be put in the latter position when the taxis is 
applied for the reduction of an inguinal hernia, in order that the abdominal wall 
may be relaxed as much as possible. 


Dissection.—The aponeurosis of the External oblique should be removed by dividing 
it across in the same direction as the external incisions, and reflecting it downwards and 
outwards; great care is requisite in separating it from the aponeurosis of the muscle 
beneath. The lower part of the Internal oblique and the Cremaster are then exposed, 
together with the inguinal canal, which contains the spermatic cord (fig. 796). The mode 
of insertion of Poupart’s and Gimbernat’s ligaments and the triangular fascia of the 
abdomen into the os pubis should also be examined. (See page 485.) 


The Internal oblique muscle has been previously described (page 486). The 
portion which is now exposed is partly muscular and partly tendinous in structure. 
Those fibres which arise from Poupart’s ligament, few in number, and paler in 


Fic. 796.—Inguinal hernia. 
Dissection showing the Internal oblique and Cremaster. 
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the spermatic cord, 
olour than the rest, arch downwards and inwards across 
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Ea ma e of S Internal oblique and Transversaiis, p tend 
inserted immediately behind —— oai gerne 3 ae a 
j tect what would otherwise be & wean } dom 
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joined. tendon. 
iii pae at e eon has been previously described (page tel — 
which it forms over the cord and testicle are united toget by _ 
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herniæ. No such muscle exists in the female, but an analogous structure is 
developed in those cases where an oblique inguinal hernia descends beneath the 
margin of the Internal oblique. , 


Dissection.—The Internal oblique should be detached from Poupart’s ligament, 
separated from the Transversalis to the same extent as in the previous incisions, and 
reflected inwards on to the sheath of the Rectus (fig. 797). The deep circumflex iliac 
vessels, which lie between these two muscles, form a valuable guide to their separation. 


The Transversalis muscle has been previously described (page 488). The 
portion which is now exposed is partly muscular and partly tendinous in 
structure ; it arises from the outer third of Poupart’s ligament, its fibres curve 
downwards and inwards, and are inserted together with those of the Internal 
oblique into the lower part of the linea alba, into the crest of the os pubis 
and the pectineal line, forming what is known as the conjoined tendon of the 


Fic. 797.—Inguinal hernia. Dissection showing the Transversalis muscle, 
the transversalis fascia, and the internal abdominal ring. 
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Internal oblique and Transversalis. Between the lower border of this muscle 
and Poupart’s ligament, a space is left, in which the transversalis fascia is seen. 
The inguinal or spermatic canal contains the spermatic cord in the male, and 
the round ligament in the female. It is an oblique canal, about an inch and a 
half in length, directed downwards and inwards, and placed parallel with, and 
a little above, Poupart’s ligament. It commences, above, at the internal or deep 
abdominal ring, which is the point where the cord enters the inguinal canal ; 
and terminates, below, at the external or superficial ring. It is bounded, am 
front, by*the integument and superficial fascia, by the aponeurosis of the 
External oblique throughout its whole length, and by the Internal oblique for 
its outer third- behind, by the triangular fascia, the conjoined tendon of the 
Internal oblique and Transversalis, the transversalis fascia, and the subperitoneal 
fat and peritoneum ; above, by the arched fibres of the Internal oblique and 
Transversalis ; below, by the union of the transversalis fascia with Poupart’s 
ligament. The deep epigastric artery passes upwards and inwards behind the 
canal, lying close to the inner side of the internal abdominal ring. The interval 
between this artery and the outer head of the Rectus abdominis is named 
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Hesselbach’s triangle, the base of which is formed by Poupart’s ligament. That 
form of hernia in which the intestine follows the course of the spermatic cord 
along the inguinal canal is called oblique inguinal herma. 

The transversalis fascia has already been described (page 491). Throughout 
the greater part of its extent it is a thin aponeurotic membrane, but in the 
inguinal region it is thick and dense in structure. Here the spermatic cord in 
the male, and the round ligament in the female, pass through it, and the point 
where they pass through is called the internal or deep abdominal ring. This 
opening is not visible externally owing to a prolongation of the transversalis 
fascia on these structures, forming the infundibuliform fascia. 

The internal or deep abdominal ring is situated in the transversalis fascia, 
midway between the anterior superior spine of the ilium and the symphysis 
pubis, and about half an inch above Poupart’s ligament (see page 492). From 
its circumference a thin, funnel-shaped membrane, the infundibuliform fascia, 
is continued round the cord and testis, enclosing them in a distinct pouch. 
When the sac of an oblique inguinal hernia passes through the internal or 
deep abdominal ring, the infundibuliform fascia constitutes one of its coverings. 

e extra-peritoneal connective tissue.—Between the transversalis fascia and 
the peritoneum is a quantity of loose areolar tissue. It has been described on 
page 492. 

The deep epigastric artery arises from the external iliac artery a few lines 
above Poupart’s ligament. It at first descends to reach this ligament, and then 
ascends obliquely along the inner margin of the internal or deep abdominal 
ring, lying between the transversalis fascia and the peritoneum ; and, running 
upwards, pierces the transversalis fascia and enters the sheath of the Rectus 
muscle by passing over the semilunar fold of Douglas. Consequently the deep 
epigastric artery bears a very important relation to the internal abdominal ring, 
as it extends obliquely upwards and inwards, from its origin from the external 
iliac. In this part of its course it lies along the lower and inner margin of the 
internal ring, and beneath the commencement of the spermatic cord. Close 
to its origin it is crossed by the vas deferens in the male, and by the round 
ligament in the female. l j 

The peritoneum, corresponding to the inner surface of the internal ring, 
presents a well-marked depression, the depth of which varies in different 
subjects. A thin fibrous band is continued from it along the front of the cord 
for a variable distance, and becomes ultimately lost. This is the remains of 
the pouch of peritoneum, which in the fœtus precedes the cord and testis into 
the scrotum and the obliteration of which commences soon after birth. In 
some cases the fibrous band can only be traced a short distance; but occa- 
sionally it may be followed, as a fine cord, as far as the upper end of the 
tunica vaginalis. Sometimes the tube of peritoneum 1s only closed at intervals, 
and presents a sacculated appearance ; or a single pouch may extend along the 
whole length of the cord, which may be closed above ; or the pouch may be 
directly continuous with the peritoneum by an opening at its upper part. 

In the female foetus the peritoneum is also prolonged in the form of a 
tubular process for a short distance into the inguinal canal. This process 1s 
called the canal of Nuck. It is generally obliterated in the adult, but sometimes 
it remains pervious even in advanced life. A A =e 

In order to understand the relation of the peritoneum to inguinal hernia, it 1s 
necessary to view the anterior abdominal wall from its internal aspect, when it 
will be seen as shown in fig. 798. Between the upper margin of the pi 
of the pelvis and the umbilicus, the peritoneum, when viewed from behind, 
will be seen to be raised into five folds, with intervening depressions, by more 
or less prominent bands which converge to the umbilicus. One of t ni n 
situated in the median line, and is caused by the urachus, the pHo o 
the allantois; it extends from the summit of the bladder to the on oy 
The fold of peritoneum covering it is | p ee ae se ken iii 
side of this is a prominent kept. apa a ek umbilicus. This fs 
covered by a fold of peritoneum, which is known as the p lca nypogasiricn. 
covered OY a of these three cords is the deep epigastric artery, which -E 
obliquely upwards and inwards from a point midway gegen | ld of 
pubis and the anterior superior spine of the ilium to the se 
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Douglas, in front of which it disappears. It is covered by a fold of peritoneum, 
which is known as the plica epigastrica. Between these raised folds are depres- 
sions of the peritoneum, constituting so-called fosse. The most internal, between 
the plica urachi and the plica hypogastrica, is known as the internal inguinal 
fossa (fovea supravesicalis). The middle one is situated between the plica hypo- 
gastrica and the plica epigastrica, and is termed the middle inguinal fossa (fovea 
inguinalis mesialis). The external one is external to the plica epigastrica, and 
is known as the external inguinal fossa (fovea inguinalis lateralis). Occasionally 
the deep epigastric artery corresponds in position to the obliterated hypogastric 
artery, and then there is but one fold on each side of the middle line, and the 
two external fosse are merged into one. In the usual condition of the parts 


Fre. 798.—Posterior view of the anterior abdominal wall in its lower half. The perito- 
neum is in place, and the various cords are shining through. (After J oessel.) 
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the floor of the external inguinal fossa corresponds to the internal abdominal 
ring, and into this fossa an oblique inguinal hernia descends. To the inner 
side of the plica epigastrica are the two internal fosse, and through either of 
these a direct hernia may descend, as will be subsequently explained (page 1184). 
The whole of this space—that is to say, the space between the deep epigastric 
artery, the margin of the Rectus and Poupart’s ligament—is commonly known 
as Hesselbach’s triangle. These three depressions or fosse are situated above 
the level of Poupart’s ligament, and in addition to them is another below the 
ligament, corresponding to the position of the femoral ring, and into which a 
femoral hernia descends. This is known as the femoral fossa. 


OBLIQUE INGUINAL HERNIA 


LISI 


INGUINAL HERNIA 


Inguinal hernia is that form of protrusion which makes its way through the 
abdomen in the inguinal region. 


There are two principal varieties of inguinal hernia: external or oblique, 
and internal or direct. 

External or oblique inguinal hernia, the more frequent of the two, takes 
the same course as the spermatic cord. It is called external, from the neck 
of the sac being on the outer or iliac side of the deep epigastric artery. 

Internal or direct inguinal hernia does not follow the same course as the 
cord, but protrudes through the abdominal wall, on the inner or pubic side 
of the deep epigastric artery. 


OBLIQUE INGUINAL HERNIA 


In oblique inguinal hernia the intestine escapes from the abdominal cavity 
at the internal ring, pushing before it a pouch of peritoneum, which forms 
the hernial sac (fig. 800, a). As it enters the inguinal canal it receives an 


Fie. 799.—Oblique inguinal hernia, showing its various coverings. 
(From a preparation in the Museum of the Royal College of Surgeons of England.) 


ae Prd 


Bid! ie: 
IMs 
a* 

ait 


af, 
iP: 





315 





evRre 


erp, roney 





. ; fundi- 
j t from the extra- eritoneal tissue, and 18 enclosed in the in 
erian E of the Ae N fascia. In passing along “ = ag 
it displaces upwards the arched fibres of the Transversalis an w O yes 
muscles, and is surrounded by the fibres of the Cremaster. a“ ia a 
along the front of the cord, and escapes from the e oi ~ 
external ring, recelving an investment from the intercolumnar lascta. y, 


1182 SURGICAL ANATOMY OF INGUINAL HERNIA 


it descends into the scrotum, receiving coverings from the superficial fascia and 
the integument. 

The coverings of this form of hernia, after it has passed through the external 
ring, are, from without inwards, the integument, superficial fascia, intercolumnar 
fascia, cremasteric fascia, infundibuliform fascia, extra-peritoneal tissue, and 
peritoneum. 

This form of hernia lies in front of the vessels of the spermatic cord, and 
seldom extends below the testis, on account of the intimate adhesion of the 
coverings of the cord to the tunica vaginalis. 

The seat of stricture in oblique inguinal hernia is either at the external 
ring; in the inguinal canal, caused by the fibres of the Internal oblique or 
Transversalis; or at the internal ring; most frequently in the last situation. 
Tf it is situated at the external ring, the division of a few fibres at one point 
of its circumference is all that is necessary for the replacement of the hernia. 
If in the inguinal canal, or at the internal ring, it may be necessary to divide 
the aponeurosis of the External oblique, so as to lay open the inguinal canal. 
In dividing the stricture, the direction of the incision should be upwards. 

When the intestine passes along the inguinal canal, and @scapes from the 
external ring into the scrotum, it is called complete oblique inguinal, or scrotal 
hernia. Ti the intestine does not escape from the external ring, but is retained 
in the inguinal canal, it is called incomplete inguinal hernia, or bubonocele. In 
each of these cases, the coverings which invest it will depend upon the extent to 
which it descends in the inguinal canal. 

There are some other varieties of oblique inguinal hernia depending upon 
congenital defects in the processus vaginalis. The testicle in its descent from 
the abdomen into the scrotum is preceded by a pouch of peritoneum, the 
processus vaginalis, which about the period of birth becomes shut off from the 
general peritoneal cavity by a closure of that portion of the pouch which extends 
From the internal abdominal ring to near the upper part of the testicle; the 
lower portion of the pouch remaining persistent as the tunica vaginalis. It 
would appear that this closure commences at two points, viz. at the internal 
abdominal ring, and at the top of the epididymis, and gradually extends until, 
in the normal condition, the whole of: the intervening portion is converted into 
a fibrous cord. From failure in the completion of this process, variations in the 
relation of the hernial protrusion to the testicle and tunica vaginalis are produced, 
which constitute distinct varieties of inguinal hernia, and which have received 
separate names, and are of surgical importance. These are congenital, infantile, 
encysted, and hernia of the funicular process. 

Congenital hernia (fig. 800, B).— Where the pouch of peritoneum which 
precedes the cord and testis in its descent remains patent throughout, and is 
unclosed at any point, the cavity of the tunica vaginalis communicates directly 
with that of the peritoneum. The intestine descends along this pouch into the 
cavity of the tunica vaginalis, which constitutes the sac of the hernia, and the 
gut lies in contact with the testicle. Though this form of hernia is termed 
congenital,’ it must be borne in mind that this term does not imply that the 
hernia existed at birth, but merely a condition of things which may allow of the 
descent of the hernia at any moment. As a matter of fact, congenital herniæ 
frequently do not appear till adult life. 

Infantile and encysted herniæ.— Where the pouch of peritoneum is occluded 
at the internal ring only, and remains patent throughout the rest of its extent, 
two varieties of oblique inguinal hernia may be produced, which have received 
the names of infantile and encysted herniæ. In the infantile form (fig. 300, c) 
the bowel pressing upon the septum and the peritoneum in its immediate 
neighbourhood causes it to yield and form a sac, which descends behind the 
tunica vaginalis ; so that, in front of the bowel, there are three layers of peri- 
toneum, the two layers of the tunica vaginalis and its own sac. In the encysted 
form (fig. 800, D) pressure in the same position—namely, at the occluded spot 
in the pouch—causes the septum to yield and form a sac which projects into 
and not behind the tunica vaginalis, as in the infantile form, and thus it 
constitutes a sac within a sac, so that in front of the bowel there are two 
layers of peritoneum, one layer of the tunica vaginalis and its own sac. 

Hernia into the funicular process (fig. 800, &).—Where the pouch of peri- 
toneum is occluded at the lower point only—that is, just above the testicle—the 


OBLIQUE INGUINAL HERNIA 1183 


intestine descends into the pouch of peritoneum as far as the testicle, but is 
prevented from entering the sac of the tunica vaginalis by the septum which 


Fie. 800.—Varieties of oblique inguinal hernia. 
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Direct INGUINAL HERNIA 


In direct inguinal hernia the protrusion makes its way through some part of 
the abdominal wall internal to the epigastric artery. 

At the lower part of the abdominal wall is a triangular space (Hesselbach's 
triangle), bounded, externally, by the deep epigastric artery; internally, by 
the margin of the Rectus muscle ; below, by Poupart’s ligament (fig. 798). The 
conjoined tendon is stretched across the inner two-thirds of this space, the 
remaining portion of the space having only the extra-peritoneal tissue, and the 
transversalis fascia between the peritoneum and the aponeurosis of the External 
oblique muscle. 

In some cases the hernial protrusion escapes from the abdomen on the outer 
gide of the conjoined tendon, pushing before it the peritoneum, the extra- 
peritoneal tissue, and the transversalis fascia. It then enters the inguinal canal, 
passing along nearly its whole length, and finally emerges from the external 
ring, receiving an investment from the intercolumnar fascia. The coverings of 
this form of hernia are precisely similar to those investing the oblique form, 
with the insignificant difference that the infundibuliform fascia is replaced by 
a portion derived from the general layer of the transversalis fascia. 

In other cases, and this is the more frequent variety, the hernia is either 
forced through the fibres of the conjoined tendon, or the tendon is gradually 
distended in front of it, so as to form a complete investment for it. The 
intestine then enters the lower end of the inguinal canal, escapes at the external 
ring, lying on the inner side of the cord, and receives additional coverings from 
the superficial fascia and the integument. This form of hernia has the same 
coverings as the oblique variety, excepting that the conjoined tendon is substi- 
tuted for the Cremaster and the infundibuliform fascia is replaced by a portion 
derived from the general layer of the transversalis fascia. 

The difference between the position of the neck of the sac in these two 
forms of direct inguinal hernia has been referred, with some probability, to a 
difference in the relative positions of the obliterated hypogastric artery and the 
deep epigastric artery. When the course of the obliterated hypogastric artery 
corresponds with that of the deep epigastric, the projection of these arteries 
towards the cavity of the abdomen produces two fosse in the peritoneum. The 
bottom of the external fossa of the peritoneum corresponds to the position of 
the internal abdominal ring, and a hernia which distends and pushes out 
the pon lining this fossa is an oblique hernia. When, on the other 
hand, the obliterated hypogastric artery lies considerably to the inner side of 
the deep epigastric artery, it divides the triangle of Hesselbach into two paris, 
go that three depressions will be seen on the inner surface of the lower part of 
the abdominal wall: viz. an external one, on the outer side of the deep epigastric 
artery; a middle one, between the deep epigastric and the obliterated hypo- 
gastric arteries; and an internal one, on the inner side of the obliterated 
hypogastric artery (see page 1180). In such a case a hernia may distend and 
push out the peritoneum forming the bottom of either fossa. When the hernia 
distends and pushes out the peritoneum forming the bottom of the external 
fossa, it is an oblique or external inguinal hernia. When the hernia distends 
and pushes out the peritoneum forming the bottom of either the middle or the 
internal fossa, it is a direct or internal hernia. The anatomical difference 
between the two forms of direct or internal inguinal hernia is that, when the 
hernia protrudes through the middle fossa—that is, the fossa between the deep 
epigastric and the obliterated hypogastric arteries—it will enter the upper part 
of the inguinal canal; consequently its coverings will be the same as those of an 
oblique hernia, with the insignificant difference that the infundibuliform fascia, 
is replaced by a portion derived from the general layer of the transversalis 
fascia, whereas when the hernia protrudes through the internal fossa it is either 
forced through the fibres of the conjoined tendon, or the tendon is gradually 
distended in front of it, so as to form a complete investment for it. The 
intestine then enters the lower part of the inguinal canal, and escapes from 
the external abdominal ring lying on the inner side of the cord. 

This form of hernia has the same coverings as the oblique variety, ex- 
cepting that the conjoined tendon is substituted for the Cremaster, and the 
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infundibuliform fascia is replaced by a portion derived from the general layer 
of the transversalis fascia. 

The seat of stricture in both varieties of direct hernia is usually found either 
at the neck of the sac, or at the external ring. In that form of hernia which 
perforates the conjoined tendon, it not infrequently occurs at the edges of the 
fissure through which the,gut passes. In dividing the stricture, the incision 
should in all cases be directed upwards.* 

If the hernial protrusion passes into the inguinal canal, but does not escape 
from the external abdominal ring, it forms what is called incomplete direct 
hernia. This form of hernia is usually of small size, and in corpulent persons 
very difficult of detection. 

Direct inguinal hernia is of much less frequent occurrence than the oblique, 
their proportion being, according to Cloquet, as one to five. It occurs far 
more frequently in men than in women, on account of the larger size of the 
external ring in the former sex. It differs from the oblique in its smaller size 
and globular form, dependent most probably on the resistance offered to its 
progress by the transversalis fascia and conjoined tendon. It differs also in 
its position, being placed over the os pubis, and not in the course of the inguinal 
canal. The deep epigastric artery runs on the outer or iliac side of the neck of 
the sac, and the spermatic cord along its external and posterior side, not directly 
behind it, as in oblique inguinal hernia. 


* In all cases of inguinal hernia, whether oblique or direct, it is proper to divide the 
stricture directly upwards; the reason of this is obvious, for by cutting in this direction 
the incision is made parallel to the deep epigastric artery—either external to it, in the 
oblique variety ; or internal to it, in the direct form of hernia; and thus all chance of 
wounding the vessel is avoided. If the incision was made outwards, the artery might be 
divided if the hernia was direct; and if made inwards it would stand an equal chance of 
injury if the case was one of oblique inguinal hernia. 
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FEMORAL HERNIA 


Dissectton.—The dissection of the parts comprised in the anatomy of femoral hernia 
should be performed, if possible, upon a female subject free from fat. The subject should 
lie upon its back ; a block is first placed under the pelvis, the thigh everted, and the knee 
slightly bent, and-retained in this position. An incision should then be made from the 
anterior superior spinous process of the ilium along Poupart’s ligament to the symphysis 
pubis ; a second incision should be carried transversely across the thigh about six inches 
beneath the preceding ; and these are to be connected together by a vertical one carried 
along the inner side of the thigh. These several incisions should divide merely the 
integument ; this is to be reflected outwards, when the superficial fascia will be exposed. 


The superficial fascia forms a continuous layer over the whole of the thigh, 
consisting of areolar tissue, containing in its meshes much fat, and capable of 
being separated into two or more layers, between which are found the superficial 
vessels and nerves. It varies in thickness in different parts of the limb. In the 
groin it is thick, and the two layers are separated from one another by the 
superficial inguinal lymphatic glands, the internal saphenous vein, and several 
smaller vessels. One of these layers, the superficial, is continuous with the 
superficial fascia of the abdomen. 


The superficial layer should be detached by dividing it across in the same direction 
as the external incisions; its removal will be facilitated by commencing at the lower 
and inner angle of the space, detaching it at first from the front of the internal saphenous 
vein, and dissecting it off from the anterior surface of that vessel and its tributaries; it 
should be reflected outwards, in the same manner as the integument. The cutaneous 
vessels and nerves, and superficial inguinal glands, are then exposed, lying upon the deep 
layer of the superficial fascia. These are the internal saphenous vein, and the superficial 
epigastric, superficial circumflex iliac, and superficial external pudic vessels, as well as 
numerous lymphatics ascending with the saphenous vein to the inguinal glands. 


The internal or long saphenous vein ascends along the inner side of the thigh, 
and, passing through the saphenous opening in the fascia lata, terminates in the 
femoral vein about an inch and a half below Poupart’s ligament. This vein 
receives, at the saphenous opening, the superficial epigastric, the superficial 
circumflex iliac, and the superficial external pudic veins. 

The three small arteries in this situation are branches of the femoral, and 
have already been described (page 701). The superficial external pudic and the 
superficial epigastric arteries pass through the saphenous opening; the super- 
ficial circumflex iliac pierces the fascia lata in the immediate neighbourhood of 
the saphenous opening. 

The superficial vens.—The veins accompanying these superficial arteries are 
usually much larger than the arteries: they terminate in the internal or long 
saphenous vein at the saphenous opening. 

The superficial inguinal lymphatic glands have been described in the section 
on the lymph vascular system (see page 755). The lower group surrounds the 
saphenous opening, and receives the superficial lymphatic vessels from the lower 
extremity. 

Two small nerves are found in this situation: (1) the ilio-inguinal, from the 
first lumbar nerve, which supplies the skin of the upper and inner part of the 
thigh, and the scrotum in the male and the labium in the female; and (2) the 
crural branch of the genito-crural, from the first and second lumbar nerves, which 
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supplies the skin of the anterior aspect of the thigh as far as midway between 
the pelvis and the knee (see page 916). 
he deep layer of the superficial fascia is a very thin fibrous layer placed 
beneath the subcutaneous nerves and upon the. surface of the fascia lata. It 
covers the saphenous opening in this fascia, and in consequence of being 
perforated here by the internal saphenous vein and by numerous lymphatics and 
blood-vessels, this portion of the deep layer of the superficial fascia has received 
the name of cribriform fascia (see page 543). The cribriform fascia is frequently 
described as a part of the fascia lata. A femoral hernia, in passing through the 
saphenous opening, receives the cribriform fascia as one of its coverings. 
me deep layer of superficial fascia having been removed, the fascia lata is 
exposed. 
Phe fascia lata has been already described with the muscles of the front of 
the thigh (page 544). At the upper and inner part of the thigh, a little below 


Fia. 801.—Femoral hernia. Superficial dissection. 
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of the femoral vessels, and, curving inwards, is attached to Poupart’s ligament 
and to the spine of the os pubis and pectineal line, where it is continuous with 
the pubic portion. If traced downwards, it is found to be continuous with another 
curved margin, the concavity of which is directed upwards and inwards: this is 
the inferior cornu of the saphenous opening, and is blended with the pubic 
portion of the fascia lata covering the Pectineus muscle. — 

The inner boundary of the opening is on a plane posterior to the outer margin 
and behind the level of the femoral vessels; it is much less prominent and 
defined than the outer, from being stretched over the subjacent Pectineus 
muscle. It is through the saphenous opening that a femoral hernia passes 
after descending along the crural canal. 

If the finger is introduced into the saphenous opening while the limb is 
moved in different directions, the aperture will be found to be greatly constricted, 


Fig. 802.—Femoral hernia, showing fascia lata and saphenous opening. 





on extending the limb or rotating it outwards, and to be relaxed on flexing and 
inverting it: hence the necessity for placing the limb in the latter position in 
employing the taxis for the reduction of a femoral hernia. 


Dissection.—The iliac portion of the fascia lata, but not its falciform process should 
now be removed by detaching it from the lower margin of Poupart’s ligament, carefully 
dissecting it from the subjacent structures, and turning it inwards, when the sheath of 
the femoral vessel is exposed descending beneath Poupart’s ligament (fig. 803). 


Poupart’s ligament, or the crural arch, is the lower border of the aponeurosis 
of the External oblique muscle, which extends from the anterior superior spine 
of the ilium to the spine of the os pubis. From this latter point it is reflected 
backwards, to be attached to the pectineal line for about half an inch, forming 
Gimbernat’s ligament. Its general direction is curved downwards towards the 
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thigh, where it is continuous with the fascia lata. Its outer half is rounded and 
oblique in direction. Its inner half gradually widens at its attachment to the 
os pubis, is more horizontal in direction, and lies beneath the spermatic cord. 
Nearly the whole of the space included between the crural arch and the in- 
nominate bone is filled in by the parts which descend from the abdomen into 
the thigh (fig. 804). The outer half of the space is occupied by the Iliacus and 
Psoas muscles, together with the external cutaneous and anterior crural nerves. 
The pubic half of the space is occupied by the femoral vessels included in their 
sheath, and by the origin of the Pectineus muscle ; a small oval-shaped interval 
existing between the femoral vein and the inner wall of the sheath, which is 


Fie. 803.—-Femoral hernia. Iliac portion of fascia lata removed, and sheath of 
femoral vessels and femoral canal exposed. 
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front of the femoral vessels, and the iliac fascia descending behind them ; these 
fasciæ are directly continuous on the iliac side of the femoral artery, but a small 
space exists between the femoral vein and the point where they are continuous 
on the pubic side of that vessel, which constitutes the femoral or crural canal. 
The femoral sheath, funnel-shaped, wide. above and narrow below, is closely 
adherent to the contained vessels about an inch below the saphenous opening, 
being blended with the areolar sheath of the vessels. The outer border of the 
sheath is perforated by the genito-crural nerve. Its inner border is pierced by 
the internal saphenous vein and numerous lymphatic vessels. In front, it 1s: 
covered by the iliac portion of the fascia lata; an behind it is the pubic portion 
of the same fascia. 

If the anterior wall of the sheath is removed, the femoral artery and vein are 
seen lying side by side, a thin septum separating the two vessels, while another 


Fic. 804.—Struetures which pass beneath the crural arch. 
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septum may be seen lying just internal to the vein, and cutting off a small space 
between the vein and the inner wall of the sheath. The septa are stretched 
between the anterior and posterior walls of the sheath, so that the two vessels 
are enclosed in separate compartments. The interval left between the vein and 
the inner wall of the sheath contains a little loose areolar tissue, a few lymphatic 
vessels, and occasionally a small lymphatic gland; this is the femoral or crural 
canal, through which the intestine descends in femoral hernia. 

Deep crural arch.—Passing across the front of the femoral sheath on the 
abdominal side of Poupart's ligament, and closely connected with it, is a 
thickened band of fibres, called the deep crural arch. It is apparently a 
thickening of the transversalis fascia, which is joined externally to the centre of 
Poupart’s ligament, and arches across the front of the femoral sheath, to be 
inserted by a broad attachment into the pectineal line, behind the conjoined 
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tendon. In some subjects this structure is not very prominently marked, and 
not infrequently it is altogether wanting. 

The crural canal is the narrow interval between the femoral vein and the 
inner wall of the femoral sheath. It exists as a distinct canal only when the 
sheath has been separated from the vein by dissection, or by the pressure of a 
hernia or tumour. Its length is from a quarter to half an inch, and it extends 
from Gimbernat’s ligament to the upper part of the saphenous opening. 

The anterior wall of the crural canal is very narrow, and formed by a 
continuation downwards of the transversalis fascia, under Poupart’s ligament, 
covered by the falciform process of the fascia lata. 

The posterior wall is formed by a continuation downwards of the iliac fascia 
eovering the pubic portion of the fascia lata. 

The outer wall is formed by the fibrous septum separating it from the inner 
side of the femoral vein. 

The inner wall is formed by the junction of the processes of the transversalis 
and iliac fasciæ which form the inner side of the femoral sheath, and lies in 
contact, at its commencement, with the outer edge of Gimbernat’s ligament: 


Fre. 805.—The relations of the femoral and internal abdominal rings, 
seen from within the abdomen. Right side. 
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The deep epigastric artery, in its passage upwards and inwards from the 
external iliac artery, passes across the upper and outer angle of the crural ring, 
and is consequently in danger of being wounded if the stricture is divided in a 
direction upwards and outwards. 

The communicating branch between the deep epigastric and obturator arteries 
lies in front-of the ring. | l 

The circumference of the ring is thus seen to be bounded by vessels in every 
part, excepting internally and behind. It is in the former position that the 
stricture is divided in cases of strangulated femoral hernia. A 

When the obturator artery arises from the deep epigastric, a condition 
which occurs twice in every seven subjects, the vessel bears a very important 
relation to the crural ring. In most cases it descends on the inner side of the 
external iliac vein to the obturator foramen, and will consequently lie on the 
outer side of the crural ring, where there is no danger of its being wounded in 
the operation for dividing the stricture in femoral hernia (see fig. 507, A, 
page 688). Occasionally, however, the obturator artery curves along the free 
margin of Gimbernat’s ligament in'its passage to the obturator foramen ; 16 would, 
consequently, skirt along the greater part of the circumference of the crural 
ring, and could hardly avoid being wounded in the operation (see fig. 507, B, 

age 688). 

: el crurale—The portion of the extra-peritoneal tissue which closes 
the crural ring is named the septum crurale. This serves as a barrier to the 
protrusion of a hernia through this part. Its upper surface is slightly concave, 
and supports a small lymphatic gland. Its under surface is turned towards the 
femoral canal. The septum crurale is perforated by numerous apertures for the 
passage of lymphatic vessels, connecting the deep inguinal lymphatic glands with 
those surrounding the external iliac artery. On the abdominal aspect of the 
septum crurale is the parietal layer of the peritoneum, which, when viewed from 
above, presents a slight depression, termed the femoral fossa. 

The size of the crural canal, the degree of tension of its orifices, and, con- 
sequently, the degree of constriction of a hernia, vary according to the position 
of the limb. If the leg and thigh are extended, abducted, or everted, the 
femoral canal and its orifices are rendered. tense, from the traction on these parts 
by Poupart’s ligament and the fascia lata, as may be ascertained by passing the 
finger along the canal. If, on the contrary, the thigh is flexed upon the pelvis, 
and at the same time adducted and rotated inwards, the femoral canal and its 
orifices become considerably relaxed; for this reason the limb should always 
be placed in the latter position when the application of the taxis is made in 
attempting the reduction of a femoral hernia. 

Descent of the hernia—From the preceding description it follows that the 
crural ring must be a weak point in the abdominal wall: hence it is that, when 
violent or long-continued pressure is made upon the abdominal viscera, a portion 
of intestine may be forced into it, constituting a femoral hernia; and the changes 
in the tissues of the abdomen which are produced by pregnancy, together with 
the larger size of the crural ring in the female, serve to explain the frequency 
of this form of hernia in women. 

When a portion of the intestine is forced through the crural ring, it carries 
before it a pouch of peritoneum, which forms what is called the hermal sac ; it 
receives an investment from the extra-peritoneal tissue or septum crurale, and 
descends along the crural canal in the inner compartment of the sheath of the 
femoral vessels as far as the saphenous opening; at this point it changes its 
course, being prevented frora extending farther down the sheath, on account 
of the narrowing of the latter and its close contact with the vessels, and also 
from the close attachment of the superficial fascia and femoral sheath to the 
lower part of the circumference of the saphenous opening; the tumour is, 
consequently, directed forwards, pushing before it the cribriform fascia, and then 
curves upwards over Poupart’s ligament and the lower part of the tendon of 
the External oblique, being covered by the superficial fascia and integument. 
While the hernia is contained in the crural canal, it is usually of small size, 
owing to the resisting nature of the surrounding parts; but when it has 
escaped from the saphenous opening into the loose areolar tissue of the groin 
it becomes considerably enlarged, The direction taken by a femoral hernia in 
its descent is at first downwards, then forwards and upwards; this should be 
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borne in mind, as in the application of the taxis for the reduction of a femoral 
hernia pressure should be directed in the reverse order. 

Coverings of the hernia.—The coverings of a femoral hernia, from within 
outwards, are: peritoneum, the septum crurale, femoral sheath, cribriform fascia, 
superficial fascia, and integument.* 

Varieties of femoral hernia.—If the intestine descends along the femoral 
canal only as far as the saphenous opening, and does not escape from this 
aperture, it is called incomplete femoral hernia. ‘The small size of the protrusion 
in this form of hernia, on account of the firm and resisting nature of the canal in 
which it is contained, renders it an exceedingly dangerous variety of the disease, 
from the extreme difficulty of detecting the existence of the swelling, especially 
in corpulent subjects. The coverings of an incomplete femoral hernia would be, 
from without inwards: integument, superficial fascia, falciform process of fascia 
lata, femoral sheath, septum crurale, and peritoneum. When, however, the 
hernial tumour protrudes through the saphenous opening, and directs itself 
forwards and upwards, it forms a complete femoral hernia. Occasionally the 
hernial sac descends on the iliac side of the femoral vessels, or in front, or even 
sometimes behind them. 

The seat of stricture of a femoral hernia varies : it may be in the peritoneum 
at the neck of the hernial sac ; in the greater number of cases it would appear to 
be at the point of junction of the falciform process of the fascia lata with the 
lunated edge of Gimbernat’s ligament; or at the margin of the saphenous open- 
ing in the thigh. The stricture should in every case be divided in a direction 
upwards and inwards; and the extent necessary in the majority of cases is 
about two or three lines. By these means, all vessels or other structures. of 
importance, in relation with the neck of the hernial sac, will be avoided. 

In connection with the subject of hernia, it should be mentioned that the 
spine of the os pubis forms an important landmark in vine to differentiate the 
inguinal from the femoral variety. The position and mode of defining this 
proċess of bone has already been alluded to (page 31 2). If the finger 1s placed 
upon it, and the hernial protrusion is above and to the inner side of the finger, 
the hernia is of the inguinal variety ; if, on the other hand, the protrusion 18 
below and to the outer side of the finger, the hernia is a femoral one. 


* Sir Astley Cooper has described an investment for femoral hernia, under the om 
of ‘fascia propria,’ lying immediately external to the peritoneal sac, but oe y 
separated from it by more or less adipose tissue. Surgically it is important to aa er 
the existence (at any rate, the occasional existence) of this layer, on account of t i ease 
with which an inexperienced operator may mistake the fascia for the peritonea u 
and the contained fat for omentum. Anatomically, this fascia appears identical lle 
what is called in the text ‘the extra-peritoneal tissue,’ the areolar tissue being thickene 
and caused to assume a membranous appearance by the pressure of the hernia. 


THE SURGICAL ANATOMY OF 
THE PERINASUM 


Dissection.—The student should select a well-developed muscular subject free from 
fat, and the dissection should be commenced early, in order that the parts may be 
examined in as recent a state as possible. A staff having been introduced into the 
bladder, and the subject placed in the position shown in fig. 806, the scrotum should be 
raised upwards, and retained in that position, and the rectum moderately distended 
with tow. 


The perineum corresponds to the inferior aperture or outlet of the pelvis. 
Its deep boundaries are, in front, the pubic arch and subpubic ligament; behind, 
the tip of the coccyx ; and on each side, the rami of the os pubis and ischium, 
the tuberosities of the ischium, and great sacro-sciatic ligaments. The space 
included by these boundaries is somewhat lozenge-shaped, and is limited on the 
surface of the body by the scrotum in front, by the buttocks behind, and on each 
side by the inner side of the thighs. A line drawn transversely between the 
anterior part of the tuberosity of the ischium, on each side, in front of the anus, 
divides this space into two portions. The anterior portion contains the penis and 
urethra, and is called the urogenital triangle or perineum proper. The posterior 
portion contains the termination of the rectum, and is called the aschto-rectal or 
anal region. i 


THE Ī8SCHIO-RECTAL REGION 


The ischio-rectal region contains the termination of the rectum and a deep 
fossa, filled with fat, on each side of the intestine, between it and the tuberosity 
of the ischium : this is called the ischtio-rectal fossa. 

The ischio-rectal region presents in the middle line the aperture of the anus ; 
around this orifice the integument is thrown into numerous folds, which are 
obliterated on distension of the intestine. The integument is of a dark colour, 
continuous with the mucous membrane of the rectum, and provided with 
numerous follicles, which may inflame and suppurate and be mistaken for 
fistulæ. The veins round the margin of the anus are occasionally much 
dilated, forming a number of hard pendent masses, of a dark bluish colour, 
covered partly by mucous membrane and partly by the integument. These 
tumours constitute the disease called external piles. 


Dissection (fig. 806).—Make an incision through the integument, along the median 
line, from the base of the scrotum to the anterior extremity of the anus: carry it round 
the margins of this aperture to its posterior extremity, and continue it backwards to 
about an inch behind the tip of the coccyx. A transverse incision should now be carried 
across the base of the scrotum, joining the anterior extremity of the preceding; a second, 
carried in the same direction, should be made in front of the anus; and a third at the 
posterior extremity of the first incision. These incisions should be sufficiently extensive 
to enable the dissector to raise the integument from the inner side of the thighs. The 
flaps of skin corresponding to the ischio-rectal region should now be removed. In 
dissecting the integument from this region great care is required, otherwise the Corru- 


gator cutis ani and External sphincter will be removed, as they are intimately adherent 
to the skin. 


The superficial fascia is exposed on the’ removal of the skin: it is very 
thick, areolar in texture, and contains much fat in its meshes. In it are found 
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ramifying two or three branches of the perforating cutaneous nerve ; these turn 
round the inferior border of the Gluteus maximus, and are distributed to the 
integument around the anus. 

In this region, and connected with the lower end of the rectum, are four 
muscles: the Corrugator cutis ani; the two Sphincters, External and Internal ; 
and the Levator ani. 

These muscles have been already described (see page 494). 

The ischio-rectal fossa is situated between the lower end of the rectum and 
the tuberosity of the ischium. It is triangular in shape ; its base, directed to the 
surface of the body, is formed by the integument of the ischio-rectal region ; its 
apex, directed upwards, corresponds to the point of division of the obturator 
fascia, and the thin membrane given off from it, which covers the outer surface 
of the Levator ani (ischio-rectal or anal fascia). Its dimensions are about an 
inch in breadth at the base, and about two inches in depth, being deeper behind 
than in front. It is bounded, internally, by the Sphincter ani, Levator ani, 
and Coccygeus muscles ; externally, by the tuberosity of the ischium and the 
obturator fascia, which covers the inner surface of the Obturator internus 
muscle ; in front, it is limited by the line of junction of the superficial fascia with 
the base of the triangular ligament; and behind, by the margin of the Gluteus 
maximus, and the great sacro-sciatic ligament. This space is filled with a large 
mass of adipose tissue, which explains the frequency with which abscesses in the 
neighbourhood of the rectum burrow to a considerable depth. 


Fic. 806.——Dissection of perineum and ischio-rectal region. 





If the subject has been injected, on placing the finger on the outer wall of 
this fossa, the internal pudic artery, with its accompanying veins and the two 
divisions of the nerve, will be felt about an inch and a half above the margin of 
the ischiatic tuberosity, but approaching nearer the surface as they pass forwards 
along the inner margin of the pubic arch. These structures are enclosed in a 
sheath (canal of Alcock) formed by the obturator fascia, the perineal nerve lying 
below the artery and the dorsal nerve of the penis above 1t. a: t A 
space transversely about its centre, are the inferior hæmorrhoidal vessels a 
nerves, which are distributed to the integument of the anus, and to the muscles 


sk part 

f lithotomy, or in that for fistula in ano. At the back y l 

ile besope inny be seen a branch of the fourth sacral nerve ; and at =“ fore 
part of the space, the superficial perineal vessels and nerves can be seen ior a 


short distance. 


Tam UROGENITAL TRIANGLE IN THE MALE 


j : iti ‘anole are, laterally, the rami of the 

he deep boundaries of the urogenital triangle are, lateral” Y, I ba a 
eis Da ischia, meeting, in front, at the pubic arch : behind, an a a 
transverse line, extending between the anterior parts of the iuheasan ieg o e 
ischia. The lateral boundaries are, in the adult, from three inches to three 
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inches and a half in length; and the base from two inches to three inches and 
a half in breadth ; the average extent of the space being two inches and three- 
quarters. 3 


The variations in the diameter of this space are of extreme interest in connection 
with the operation of lithotomy, and the extraction of a stone from the cavity of the 
bladder. In those cases where the tuberosities of the ischia are near together it would be 
necessary to make the incision in the operation of lateral lithotomy less oblique than 
if the tuberosities were widely separated, and the perineal space, consequently, wider. 
The perineum is subdivided by the median raphé into ‘two equal parts. Of these, the 
left is the one in which the operation of lateral lithotomy is performed. 


In the middle line the triangle is convex, and corresponds to the bulb of 
the urethra. The skin is of a dark colour, thin, freely movable upon the 
subjacent parts, and covered with sharp crisp hairs, which should be removed 
before the dissection of the part is commenced. In front of the anus a prominent 
ridge or raphé commences, continuous with the raphé of the scrotum. 


Fic. 807.—The superficial muscles and vessels of the perinzum. 





- Superficial perineal artery 
Superfictal perineal nerve 


Great sacro-sciatic ligament internal pudic nerve 


Internal pudic artery 


Upon removing the skin and superficial structures from this region, in the 
manner shown in fig. 806, a plane of fascia will be exposed, covering in the 
triangular space and stretching across from one ischio-pubic ramus to the other. 
This is the deep layer of the superficial fascia, or fascia of Colles. It has already 
been described (page 496). It is a layer of considerable strength, and encloses 
and covers a space in which are contained muscles, vessels, and nerves. It is 
continuous, in front, with the dartos of the scrotum ; on each side, it is firmly 
attached to the margin of the ischio-pubic rami and to the tuberosity of the 
ischium ; and posteriorly, it curves behind the Transversi peringi muscles to join 
the base of the triangular ligament. 


It is between this layer of fascia and the triangular ligament of the urethra that 
extravasation of urine most frequently takes place in cases of rupture of the urethra. 
The triangular ligament of the urethra (see page 498) is attached to the ischio-pubic 
rami, and in front to the subpubic ligament. It is clear, therefore, that when extrava- 
sation of fluid takes place between these two layers, it cannot pass backwards, because the 
two layers are continuous with each other around the Transversi perinæi muscles; it 
cannot extend laterally, on account of the connection of both these layers to the rami of 
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the os pubis and ischium ; it cannot find its way into the pelvis, because the opening into 
this cavity is closed by the triangular ligament, and, therefore, so long as these two 
layers remain intact, the only direction in which the fluid can make its way is forwards 


into the areolar tissue of the scrotum and penis, and thence on to the anterior wall of the 
abdomen. 


When the deep layer of the superficial fascia is removed, a space is exposed, 
between this fascia and the triangular ligament, in which are contained the 
superficial perineal vessels and nerves and some of the muscles connected with 
the penis and urethra, viz.: in the middle line, the Accelerator urine; on each 
side, the Erector penis; and behind, the Transversus perinai; together with the 
crura of the corpora cavernosa and the bulb of the corpus spongiosum. Here 
also is seen the central tendinous point of the perineum. This is a fibrous point 
in the middle line of the perineum between the bulb of the urethra and the anus, 
being about half an inch in front of the latter. At this point four muscles 
converge and are attached, viz. the External sphincter ani, the Accelerator 


Fira. 808.—Deep perineal fascia. On the left side the inferior layer 
has been removed. 







Anterior layer of 
the triangular ligament 
removed, showing, 


_. Compressor urethree 
Internal pudic arteru 
Artery of bulb 

~ Cowper's gland 


two ‘Transversi perinei muscles; so that by the contraction 
of —— which extend in same directions, it serves as a fixed point of 
ad | Accelerator urine, the Erector penis, and the fi iran aia 
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the triangular ligament of the urethra ; and running from behin = erme 
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coursing along the posterior boundary of the space, on the Transversus perinel 
muscle. 


The Accelerator urine and Erector penis should now be remoyed, when the triangular 


t of the outlet of the 
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is the crusepenis, connecting the corpus cavernosum 
pubis. 
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The triangular ligament, which has already been described (see page 498), 
consists of two layers, the inferior or superficial layer of which is now exposed. 
It is united to the superior or deep layer behind, but is separated in front by 
an interval in which are contained certain structures. 

The inferior luyer of the triangular ligament consists of a strong fibrous 
membrane, the fibres of which are disposed transversely, which stretches across 
from one ischio-pubic ramus to the other, and completely fills in the pubic arch ; 
it is attached in front to the subpubic ligament, except in the middle line, where 
a small interspace is left for the dorsal vein of the penis. In the erect position 
of the body it is almost horizontal. It is perforated by the urethra in the middle 
line, and on each side of the urethral opening by the ducts of Congere glands 
and by the arteries of the bulb; in front, and external to this, by the artery of 
the corpus cavernosum, immediately before this vessel enters the crus penis. 
Near its apex the ligament is perforated by the termination of the pudic artery 
and by the dorsal nerve of the penis. The crura penis are exposed, lying 


Fra. 809.—A view of the position of the viscera at the outlet of the pelvis. 
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superficial to this ligament. They are attached by blunt-pointed processes to 
the rami of the os pubis and ischium, in front of the tuberosities, and passing 
forwards and inwards, are continued as the corpora cavernosa. In the middle 
line the bulb and corpus spongiosum are exposed by the removal of the 
Accelerator urine muscle. 

If the superficial layer of the triangular ligament is detached on either side, 
the deep perineal interspace will be exposed and the following parts will be seen, 
between it and the deep layer of the ligament, viz. : the subpubic ligament in front, 
close to the symphysis pubis; the dorsal vein of the penis; the membranous 
portion of the urethra and the Compressor urethræ muscle; Cowper's glands 
and their ducts; the pudic vessels and the dorsal nerve of the penis; the artery 
and nerve of the bulb, and a plexus of veins. 

The superior layer of the triangular ligament is derived from the obturator 
fascia, and is continuous with it along the pubic arch. Behind, it joins with 
the superficial layer of the triangular hgament, and is continuous with the 
anal fascia. Above it is the prostate gland, supported by the antexior fibres 
of the Levator ani, which act as a sling for the gland and form the Levator 
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prostates muscle. The superior layer of the triangular ligament is continuous 
round the anterior free edge of this muscle with the recto-vesical layer covering 
the prostate gland. The superior layer of the triangular ligament is perforated 
by the urethra. Between the two layers of the triangular ligament are situated 
the membranous part of the urethra, enveloped by the Compressor urethre 
muscle; the ducts of Cowper’s glands; the arteries to the bulb; the pudic 
vessels and the dorsal nerve of the penis. The membranous part of the urethra 
is about three-quarters of an inch in length, and passes downwards and forwards 
behind the symphysis pubis, from which it is distant about an inch. It is the 
narrowest part of the tube, and is enveloped, as has already been stated, by the 
Compressor urethre muscle. 

The Compressor urethre has already been described (page 500). In addition 
to this muscle and immediately beneath it, circular muscular fibres surround the 


Fic. 810.—A transverse section of the pelvis, showing the pelvic fascia from behind. 
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The prostate gland is a pale, firm, glandular body which is placed immediately 
below the neck of the bladder, around the commencement of the urethra. It is 
situated in the pelvic cavity, behind the lower part of the symphysis pubis, above 
the deep layer of the triangular ligament, and rests upon the rectum, through 
which it may be distinctly felt, especially when enlarged. In shape and size it 
resembles a chestnut. Its base is directed upwards towards the neck of the 
bladder. Its apex is directed downwards to the deep laye of the triangular 
ligament, which it touches. Its posterior surface is smooth, marked by a slight 
longitudinal furrow, and rests on the second part of the rectum, to which it is 
connected by areolar tissue. Its anterior surface is flattened, marked by a slight 
longitudinal furrow, and placed about three-quarters of an inch behind the pubic 
symphysis. 

The prostate measures about an inch and a half in its transverse diameter 
at the base, an inch in its antero-posterior diameter, and three-quarters of an 
inch in depth. Hence the greatest extent of incision that can be made in it 
without dividing its substance completely across, is obliquely backwards and 
outwards. This is the direction in which the incision is made in the lateral 


operation of lithotomy. 

Above the prostate a small triangular portion of the bladder is seen, bounded, 
in front and below, by the prostate gland; above, by the recto-vesical fold of the 
peritoneum ; on each side, = the vesicula seminalis and the vas deferens. It is 
separated from direct contact with the rectum by the recto-vesical fascia. The 
relation: of this portion of the bladder to the rectum is of extreme interest to 
the surgeon. In cases of retention of urine this portion of the organ is found 
projecting into the rectum, between three and four inches from the margin of the 
anus, and may be easily perforated, without injury to any important parts; this 
portion of the bladder is, consequently, occasionally selected for the performance 
of the operation of tapping the bladder. 


Surgical Anatomy.—The student should consider the position of the various parts in 
reference to the operation of lateral lithotomy. ‘This operation is performed on the left 
side of the perineum, as it is most convenient for the right hand of the operator. A 
grooved staff having been introduced into the bladder, the first incision is commenced 
midway between the anus and the back of .the scrotum (i.e. in an ordinary adult 
perineum, about an inch and a half in front of the anus), a little on the left side of the 
raphé, and carried obliquely backwards and outwards to midway between the anus and 
tuberosity of the ischium. The incision divides the integument and superficial fascia, 
the inferior hemorrhoidal vessels and nerves, and the superficial perineal vessels. It is 
gradually increased in depth, through the interval between the Accelerator urine and 
Erector penis muscles, the Transversus perinei muscles, vessels and nerves being divided. 
The forefinger of the left hand is now thrust upwards into the wound, and the staff felt 
for in the membranous portion of the urethra. The finger-nail being fixed in the groove 
of the staff, the point of the knife is guided by the finger into the groove. When this has 
been entered, the knife is turned outwards and pushed along the groove in the staff into 
the bladder. This thrust will divide the membranous portion of the urethra and part 
of the left lobe of the prostate gland, to the extent of about an inch. The knife is then 
withdrawn, and the forefinger of the left hand passed along the staff into the bladder. 
The position of the stone having been ascertained, the staff is removed, and the forceps 
introduced over the finger into the bladder. If the stone is very large, the opposite 
side of the’ prostate may be notched before the forceps is introduced : the finger 1s now 
withdrawn, and the blades of the forceps opened and made to grasp the stone, which 
must be extracted by slow and cautious undulating movements. 

Parts divided in the operation.—The various structures divided in this operation are 
as follows: the integument, superficial fascia, inferior hemorrhoidal vessels and nerves 
and probably the superficial perineal vessels and nerves, the posterior. fibres of the 
Accelerator urine, the Transversus perinei muscle and artery, the triangular ligament, 
the anterior fibres of the Levator ani, part of the Compressor urethre, the membranous 
and prostatic portions of the urethra, and part of the prostate gland. 

Parts to be avoided iu the operation—In making the necessary incisions in the 
perineum for the extraction of a calculus, the following part8 should be avoided. The 
primary incision should not be made too near the middle line, for fear of wounding the 
bulb of the corpus spongiosum or the rectum ; nor too far externally, otherwise the pudic 
artery may be implicated as it ascends along the inner border of the pubic arch. If the 
incisions are carried too far forwards, the artery of the bulb may be divided ; if carried 
too far backwards, the entire breadth of the prostate and neck of the bladder may be cut 
through, which allows the urine to become infiltrated behind the pelvic fascia into the 
loose areolar tissue between the bladder and rectum, instead of escaping externally : 
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diffuse inflammation is consequently set up, and peritonitis, from the close proximity of 
the recto-vesical peritoneal fold, is the result. If, on the contrary, only the anterior part 
of the prostate 1s divided, the urine makes its way externally, and there is less danger of 
infiltration taking place. n 

During the operation it is of great importance that the finger should be passed i 
the bladder before the staff is removed ; if this is neglected, a if the ibisi pa 
the prostate and neck of the bladder is too small, great difficulty may be experienced in 
introducing the finger afterwards ; and in the child, where the connections of the bladder 
to the surrounding parts are very loose, the force made in the attempt is sufficient to 
displace the bladder upwards into the abdomen, out of the reach of the operator. Such a 
proceeding has not infrequently occurred, producing the most embarrassing results, and 
total failure of the operation. 

It is necessary to bear in mind that the arteries in the perineum occasionally take an 
abnormal course. Thus the artery of the bulb, when it arises, as sometimes happens, 
from the pudic opposite the tuber ischii, is liable to be wounded in the operation for 
lithotomy, in its passage forwards to the bulb. The accessory pudic may be divided near 
the posterior border of the prostate gland, if this 1s completely cut across; and the 
prostatic veins, especially in people advanced in life, are of large size, and give rise, when 
divided, to troublesome hemorrhage. 


THE FEMALE PERINEUM 


The female perineum presents certain differences from that of the male, in 
consequence of the whole of the structures which constitute it being perforated 
in the middle line by the vulvo-vaginal passage. 

The superficial fascia, as in the male, consists of two layers: of which the 
superficial one is continuous with the superficial fascia over the rest of the 
body; and the deep layer, corresponding to the fascia of Colles in the male, is 
like it attached to the ischio-pubic ramus, and in front is continued forwards 
through the labia majora to the inguinal region. It is of less extent than the 
male, in consequence of being perforated by the aperture of the vulva. 

On removing this fascia the muscles of the female perineum, which have 
already been described (page 500), are exposed. The Sphincter vagine, corre- 
sponding to the Accelerator urine in the male, consists of an attenuated plane 
of fibres, forming an orbicular muscle around the orifice of the vagina, instead 
of being united in a median raphe, as in the male. The Erector clitoridis 
is proportionately reduced in size, but differs in no other respect; and the 
Transversus perinei is similar to the muscle of the same name in the male. 

The triangular ligament of the urethra is not so strongly marked as in the 
male. It transmits the urethra and the tube of the vagina. . 

The Compressor urethra (Transversus peringi profundus) corresponds with 
the Compressor urethræ in the male. It arises from the ischio-pubic ramus, 
and, passing inwards, its anterior fibres blend with the muscle of the opposite 
side in front of the urethra; its middle fibres, the most numerous, are inserted 
into the side of the vagina, and the posterior fibres join the central point of the 
perineum. 

The distribution of the internal pudic artery 1s the same as in the male (see 
page 691), and the pudic nerve has also a similar arrangement, the dorsal nerve 
being, however, very small and supplying the clitoris. i b 

The corpus spongiosum is divided into two lateral halves, which are repre- 
sented by the bulbi vestibuli and pars intermedia (see page 1149). , 

The perineal body fills up the interval between the lower part of the vagina 
and the rectum. Its base is covered by the skin lying between the anus and 
vagina on what is called the ‘ perinzum. Its anterior surface lies behind = 
posterior vaginal wall, and its posterior surface lies in front of the anterior ae 
wall and the anus. It measures about an inch and a quarter from before 
backwards, and laterally extends from one tuberosity of the ischium to e 
other. In it are situated the muscles belonging to the external ot i “ 
generation. Through its centre runs the transverse perineal septum, whic 


is of great strength in women, and forms on either side, behind the posterior 
commissure, a har 


d, ill-defined body, consisting of connective tissue, with much 
yellow elastic tissue and interlacing bundles of involuntary muscular fibres, 


‘n which the voluntary muscles of the perineum are inserted. 
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PELVIC FASCIA 


The pelvic fascia (fig. 811) is a thin membrane which lines the cavity of the 
pelvis, and is continuous over the back part of the ilio-pectineal line with the 
iliac fascia. It is attached to the brim of the pelvis, for a short distance, at 
the side of the cavity, and to the inner surface of the bone round the attachment 
of the Obturator internus. At the posterior border of this muscle, it is continued 
backwards as a very thin membrane in front of the Pyriformis muscle and sacral 
nerves to the front of the sacrum. In front it follows the attachment of the 
Obturator internus to the bone, arches beneath the obturator vessels, completing 
the orifice of the obturator canal, and ai the front of the pelvis is attached to the 
lower part of the symphysis pubis. At the level of a line extending from the 
lower part of the symphysis pubis to the spine of the ischium, is a thickened 


Fig. 811.-—Side view of the pelvic viscera of the male subject, showing 
the pelvie and perineal fascia. 





whitish band, termed the white line ; this marks the attachment of the Levator 
ani muscle to the pelvic fascia; and corresponds to its point of division into two 
layers, the obturator and recto-vesical. 

The obturator fascia descends and covers the Obturator internus muscle. It 
is a direct continuation of the parietal pelvic fascia below the white line above 
mentioned, and is attached to the pubic arch, the ischial tuberosities, and to the 
margin of the great sacro-sciatic ligaments. This fascia forms a canal for the 
pudic vessels and nerve in their passage forwards to the perineum, and gives off 
a thin membrane which covers the perineal aspect of the Levator ani muscle, 
called the ischio-vectal (anal) fascia. From its attachment to the rami of the 
os pubis and ischium a process is given off which is continuous with a similar 
process from the opposite side, so as to close the front part of the outlet of 
the pelvis, forming the deep layer of the triangular ligament. 

The recto-vesical fascia (visceral layer of the pelvic fascia) descends into the 
pelvis upon the upper surface of the Levator ani muscle, and invests the 
prostate, bladder, and rectum. From the inner surface of the symphysis pubis 
a short rounded band is continued, on each side of the middle line, to the upper 
surface of the prostate and neck of the bladder, forming the pubo-prostatic or 


PELVIC FASCIA 


anterior true ligaments of the bladder. At the side, this fascia is connected to 
the prostate, enclosing this gland and the vesico-prostatic plexus of veins, and 
is continued on to the side of the bladder, forming the lateral true ligaments 
of the organ. Another prolongation invests the vesicule seminales, and passes 
across between the bladder and rectum, being continuous with the same fascia 
of the opposite side. Another thin prolongation is reflected round the surface 
of the lower end of the rectum. The Levator ani muscle arises from the point 
of division of the pelvic fascia; the visceral layer of the fascia descending 
upon and being intimately adherent to the upper surface of the muscle, while 
the under surface of the muscle is covered by a thin layer derived from the 
obturator fascia, called the ischio-rectal or anal fascia. In the female, the 
vagina perforates the recto-vesical fascia, and receives a prolongation from it. 
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INDEX 


ABDOMEN, 1054 
apertures found in, 1056 
boundaries of, 1054 
lymphatics of, 756 
muscles of, 482 | 
| 


| Adductor brevis muscle, 550 
longus muscle, 549 
magnus muscle, 550 


pollicis muscle, 530 
regions of, 1056 
viscera of, 1056 57 

Abdominal aorta, 672 | pollicis muscle, 530 

branches of, 675 | tubercle, 316 
surface marking of, 674 | Adenoid connective 
surgical anatomy of, 674 : 17 
muscles, 482 | Adipose tissue, 18 
ring, external, 485, I 176 
internal, 492, 1179 ' 49i 
viscera, position of, 10 56 : Afferent nerves, 45 
Abdomino-thoracic arch, 262 
Abducent nerve, 870 system, 843 
surgical anatomy of, 371 vessels of kidney, 1117 
Abductor hallucis muscle, ; Air-cells, 1027 
568 , Ala cinerea, 799 
indicis muscle, 533 | lobuli centralis, 789 
minimi digiti muscle, (hand) | nasi, 948 
331, (foot) 569 artery of, 615 
pollicis muscle, 529 _ Ale of sacrum, 174 
longus, 525 of vomer, 222 
Aberrant duct of testis, 1144 : Alar lamina, 108 
Absorbent glands, 747 | ligaments, 359 


ad 


Absorbents, 747 of knee, 400 
Accelerator urine muscle. thoracic artery, 657 
97 | Alcock, canal of, 690, 1195 


ilio-costalem | Alimentary canal, 1030 
muscle, 472 | development of, 135 
pedis muscle, 570 subdivisions of, 1030 
Accessory auditory nucleus, | Allantoic. vessels, 9I 
781 : Allantois, 90 
gland of Rosenmiiller, 978 Alveolar artery, 622 
obturator nerve, 918 point, 212 
olivary nuclei, 782 rocess, 212, 224 
palatine canals, 219 , Alveoli, formation of, 1041 
processes, 169 of lower jaw, 224 
pudic artery, 690 of stomach, 1069 
thyroid glands, 1163 


4 
Accessorius ad 


of upper jaw, 212 


Acervulus cerebri, 806 ` Alveus, 824 i 

Acetabuli, fossa, 306 | Amacrine cells of retina, 966 
08, 307 : Amnion, 88 

Acetabulum, 306 false, 89 


Achromatic spindle, 3 ' Amniotic cavity, 89 
Achromatin, 2 | rimitive, 80 
‘Acromial end of clavicle, frac- ; Amphiarthrosis, 348 

ture of, 537 | Ampulle of rectum, 1086 


region, muscles of, 508 of semicircular canals, 992 
thoracic artery, 656 of tubuli lactiferi, 1169 
Acromio-clavicular joint, 376 | Amygdalæ, 1050 
surface form of, 378 | of cerebellum, 792 
surgical anatomy of, 378 Amygdaloid nucleus, $27 
Acromion process, 270 Anal canal, 1086 
fracture of, 537 fascia, 1202 
Actions of Muscles. See each membrane, 142 . 
Growp of Muscles , Anaphase of karyokinesis, 3 
Adamantoblasts, 1039 ‘Anastomosis of arteries, 594 


transversus hallucis muscle, 


tissue, 


tracts of central nervous 


 Anastomotica magna of bra- 


chial, 651 
of femoral, 703 


obliquus hallucis muscle, 571 Anatomical neck of humerus, 


275 
fracture of, 279 
, Anconeus muscle, 522 
. Andersch, ganglion of, 880 
i Aneurisms of abdominal aorta, 


74 
of arch of aorta, 602 
of thoracic aorta, 671 


‘ Adminiculum lines albee, 486, Angle of jaw, 224 


of Ludovic, 261 
of os pubis, 305 
of rib, 258 
| sacro-vertebral, 172 
Angular artery, 015 
| convolution, 315 
movement, 331 
process, external, 188 
internal, 188 
| vein, 718 
‘Animal cell, 1 
constituent of bone, 28 
. Ankle-joint, 412 
relations of tendons and 
vessels to, 414 
surface form of, 415 
` surgical anatomy of, 415 
| Annectant gyrus, first, $15 
-Annular ligament of ankle, 
anterior, 566 
| external, 567 
internal, 567 
s of radius and ulna, 387 
of stapes, 989 
of wrist, anterior, 526 
posterior, 527 
: Annulus fibrosus, 354 
ovalis, 586 
tympanicus, 983 
Vieusseni, 638 
| Ano-coceygeal body, 1087 
| rapbé, 494 | 
: Ansa hypoglossi, 889 
` Jenticularis, 828 
Vieusseni, 936 
' Antecubital fossa, 516 
i Anterior annular ligament, 
(ankle) 566, (wrist) 526 
` astragaio-fibular ligament, 


qn ung a 
astragalo - tibial ligament, 


commissure, 829 
crescentic lobe, 789 
crural nérve, 919 


| 413 

| chamber of eye, 979 

| 

: 

| surgical anatomy of,929 
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Anterior dental canal, 210 
ethmoida! cells, 206 
fontanelle, 207 
fossa of skull, 231 
horn, nerve-cells in, 768 
internal frontal artery, 633 
nasal spine, 213 
nerve-roots, 773 
palatine canal, 212 

fossa, 212, 234 
perforated space, 319 
region of skull, 240 
triangle of neck, 623 


Antero-lateral ascending tract | Arbor vite of cerebellum, 792 


of cord, 771 
ganglionic artery, 633 
ground bundle, 772 
Antero-median ganglionic ar- 
tery, 633 
Antihelix, 980 
fossa of, 980 
Antitragicus muscle, 982 
Antitragus, 980 
Antrum of Highmore, 210 
mastoid, 193, 985 
pylori, 1067 
Anus, aperture of, 1194 
development of, 141 
muscles of, 494 
AORTA, 598 
abdominal, 672 
branches of, 675 
surgical anatomy of, 674 
arch of, €00 
branches of, 602 
peculiarities of, 601 
of branches of, 602 
surgical anatomy of, 602 
descending, 670 
development of, 128 
great sinus of, 599 
thoracic, 670 
branches of, 671 
surgical anatomy of, 671 
Aorta, dorsal, 130 
ventral, 129 
Aortic arches, 129 
isthmus, 130, 600 
opening of diaphragm, 
80 


4 

of heart, 589 
plexus, 940 
semilunar valves, 590 
septum, 127 i 
spindle, 600 
vestibule, 589 


Aortico-rena] ganglion, 788, 
938 
Apertura scale vestibuli 


cochles, 992 
Apex cornu of cord, 766 
Aponeuroses, 425 
of deltoid, 508 
of external oblique in in- 
guinal region, 483 
of occipito-frontalis, 429 
suprahyoid, 450 
of soft palate, 1044 
Apophysis, 160 
Appendages of eye, 974 
surgical anatomy of, 978 
of foetus, 88 
of skin, 65 
of uterus, 1156 
Appendices epiploice, 1088 
Appendicular artery, 680 


INDEX 


Appendix of left auricle, 588 
of right auricle, 584 
vermiformis, 1083 

Aqueductus cochleæ, 


994 
Fallopii, 195, 985 
Sylvii, 803 
vestibuli, 195, 991 
Aqueous humour, 970 


Arachnoid of brain and cord, 


848 
villi, 850 
Arantii corpora, 587, §90 


uterina, 1154 
Arch of aorta, 600 
branches of, 602 
peculiarities of, 601 
surgical anatomy of, 602 
crural, 1188 
of os pubis, 310 
palmar, deep, 663 
superficial, 669 
plantar, 715 
supra-orbital, 187 
of a vertebra, 161 
zygomatic, 237 
Arches, aortic (foetal), 128 
branchial, 102 
Arcuate fibres, 


ternal, 782 
of cerebellum, 794 
internal, 782 
of medulla oblongata, 
776 


posterior external, 783 
nucleus, 782 
Arcus parieto-occipitalis, 815 
Area acustica, 799 
anterior, of medulla, 776 
of Broca, 819 
bucco-pharyngeal, 81 
cribrosa media, 195 
superior, 195 
embryonic, 80 
extra-embryonic, 80 
lateral, of medulla, 777 
oval, of Flechsig, 773 
pericardial, 81 
posterior, of medulla, 777 
vestibularis inferior, 1001 
superior, IOOI 
Areas of Cohnheim, 35 
olfactory, 106 
Areola of breast, 1159 
Areolæ of bone, primary, 30 
secondary, 31 
Areolar tissue, 13 
Arm, arteries of, 637 
back of, muscles of, 514 
bones of, 273 
fascia of, 508 
front of, muscles of, 511 
lymphatic glands of, 753 
lymphatics of, 753 
nerves of, 897 
superficial fascia of, 508 
veins of, 730 
Arnold’s ganglion, 867 
nerve, 883 
canal for, 195 
Arrectores pili, 67 
Arteria centralis retins, 632 
hyaloidea, 120 
magna, 598 
hallucis, 712 


195, ! ARTERIES, 


anterior ex- 


 Arteriæ proprie renales, 1116 


receptaculi, 629 
rectæ, 1118 
General Anatomy 
of, 51 
anastomoses of, 597 
development of, 128 
distribution of, 596 
mode of division, 596 
of origin of branches, 597 
uerves of, 53 
sheath of, 53 
structure of, 51 
subdivision of, 597 
systemic, 598 
vessels of, 53 


ARTERIES OR ARTERY— 


accessory pudic, 690 
acromio-thoracic, 656 
of ala nasi, 615 
alar thoracic, 657 
alveolar, 622 
anastomotica magna, of 
brachial, 661 
of femoral, 703 
angular, 615 
anterior cerebral, 633 
choroid, 634 
ciliary, 632 
communicating, 633 
inferior cerebellar, 646 
intercostal, 650 
internal frontal, 633 
spinal, 645 
antero-lateral ganglionic, 633 
antero-median ganglionic, 


abdominal, 672 
arch of, 600 © 
ascending aorta, 599 
descending aorta, 670 
thoracic, 670 
appendicular, 680 
articular, knee, 707 
ascending cervical, 647 
pharyngeal, 617 
auditory, 646, 1001 
auricular anterior, 618 
posterior, 617 
right, 600 
axillary, 653 
azygos, of knee, 708 
basilar, 646 
brachial, 657 
bronchial, 671, 1027 
buccal, 622 
of bulb, 690 
bulbar, 646 
calcanean, external, 714 
internal, 714 
carotid, common, 605 
external, 609 
internal, 625 
carpal radial, 664 
ar, 668 
of cavernous body, 690 
central, of retina, 632 
cerebellar, 646 
cerebral, 632, 633, 646 
cervical ascending, 647 
princeps, 616 
profunda, 651 
superficial, 648 
choroid anterior, 634 
posterior, 647 


ARTERIES OR ARTERY (cont.) 
ciliary, 632 
circle of Willis, 635 
circumflex, of arm, 557 
iliac, deep, 695 
’ superficial, 701 
of thigh, 702 
coccygeal, 691 
cochlear, 1001 
coeliac axis, 675 
colica dextra, 680 
media, 680 
sinistra, 680 
comes nervi ischiadici, 692 
phrenici, 650 
common carotid, 605 
iliac, 693 


communicating, of anterior 


cerebral, 633 
branch of ulnar, 669 
of posterior cerebral, 634 
coronary, of heart, 599 
of lip, 614 
cremasteric, 695 
crico-thyroid, 611 
cystic, 678 
deep branch of ulnar, 669 
cervical, 651 
circumflex iliac, 695 
palmar arch, 663 
temporal, 621 
deferent, 687 
dental, anterior, 622 
inferior, 621 
descending aorta, 670 
coronary, 
palatine, 622 
digital plantar, 716 
of ulnar, 669 
dorsal, of penis, 691 
of scapula, 657 
dorsalis balttaia, 712 
indicis, 664 
jingue, 612 
pedis, 710 
pollicis, 664 
epigastric, deep, 695 
superficial, 701 
superior, 650 
ethmoidal, 630 
external carotid, 609 
iliac, 693 
plantar, 715 
facial, 613 
femoral, 696 
deep, 702 
frontal, 631 
gastric, 676, 678 
gastro-duodenalis, 677 
gastro-epiploica dextra, 677 
sinistra, 678 
luteal, 693 
æmorrhoidal, inferior, 690 
middle, 687 
superior, 630 
helicine, 1136 
hepatic, 676 
hypogastric, in foetus, 594,685 
ileo-colic, 679 
iliac, common, 683 
external, 693 
internal, 685 
ilio-lumbar, 692 
inferior cerebellar, anterior, 
6 


posterior, 646 
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ARTERIES OR ARTERY (Ccont.) 


inferior dental, 621 
labial, 614 
laryngeal, 647 
mesenteric, 680 
profunda, 661 
thyroid, 647 
infrahyoid, 611 
infra-orbital, 622 
innominate, 693 
intercostal, 672 
anterior, 650 
superior, 651 
internal auditory, 1001 
carotid, 625 
iliac, 685 
mammary, 649 
maxillary, 619 
plantar, 715 
interosseous of foot, 712 
of hand, 665 
ulnar, 667 
intestini tenuis, 679 
labial inferior, 614 
lachrymal, 629 
inferior, 647 
superior, OI 
lateral nasal, O15 
sacral, 692 
spinal, 644 
lingual, O11 
long ciliary, 632 
thoracic, 657 
lumbar, 682 
magna hallucis, 712 
malleolar, 710 
mammary, internal, 649 
marginal, 605 
masseteric, 621 
maxillary, internal, 619 
median, of forearm, 667 
mediastinal, 650 
posterior, 672 
medullary, 637 
meningeal, anterior, 629 
middle, 620 
from occipital, 616 
from pharyngeal, 618 
small, 621 
from vertebral, 645 
mesenteric, inferior, 680 
superior, 678 
metacarpal, 664 
metatarsal, 711 
middle cerebral, 633 
sacral, 683 
musculo-phrenic, 650 
mylo-hyoid, 621 


nasal, of ophthalmic, 631 
of septum, inferior, 615 


superior, 622 
nutrient, of femur, 703 
fibula, 714 
humerus, 661 
tibia, 714 
obturator, 688 
occipital, 615 
esophageal, 671 
ophthalmic, 629 
ovarian, 682 
latine, ascending, 613 
descending, 622 
of pharyngeal, 617 
palmar arch, deep, 663 
superficial, 669 
interossei, 665 
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palpebral, 631 
pancreatic, 678 
pancreatico-duodenalis, in- 
ferior, 678 
superior, 677 
perforating, of foot, 716 
of hand, 665 
of internal mammary, 650 
of thigh, 703 
pericardiac, 650, 671 
perineal, superficial, 690 
transverse, 699 
peroneal, 713 
anterior, 714 
pharyngeal, ascending, 617 
phrenic, 682 
plantar, 715 
popliteal, 704 
posterior auricular, 617 
cerebral, 646 
communicating, 634 
meningeal, from vertebral, 
645 
tibial, 712 
princeps cervicis, 616 
pollicis, 664 
profunda, of arm, inferior, 661 
superior, 660 
cervicis, 681 
femoris, 702 
pterygoid, 621 
pterygo-palatine, 622 
pudic, deep external, 702 
internal, in female, 693 
in male, 689 
superficial external, 702 
pulmonary, 597, 1027 
pyloric, 677 
radial, 661 
radialis indicis, 665 
ranine, 612 
recurrent interosseous, 667 
radial, 664 
tibial, anterior, 710. 
posterior, 710 
ulnar, anterior, 667 
posterior, 667 
renal, 6381 
inferior, 1116 
sacral, lateral, 692 
middle, 633 
scapular, posterior, 648 
sciatic, GOI 
of septum nasi, 614 
short ciliary, 632 
sigmoid, 680 
spermatic, O81, 1139 
spheno-palatine, 622 
spinal, anterior, 645 
lateral, 644 
median, 645 
terior, 645 
splenic, 678 
gterno-mastoid, 611, 616 
stylo-mastoid, 617 
subclavian, 637 
subcostal, 672 
sublingual, 612 
submaxillary, 613 
submental, 613 
subscapular, 657 
superficial cervical, 648 
circumflex iliac, 701 
palmar arch, 669 
perineal, 690 
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ARTERIES OR ARTERY (con!.) | 
superficialis vole, 664 | 
superior cerebellar, 646 | 

epigastric, 650 
hemorrheidal, 680 
intercostal, 651 
laryngeal, 611 
mesenteric, 678 
profunda, 660 
thoracic, 656 
thyroid, 610 
supra-acromial, 643 
suprahyoid, 612 
supra-orbital, 629 
suprarenal, 680 
suprascapular, 648 
suprasternal, 648 
sural, 707 
tarsal, 711 
temporal, 618 
anterior, 618 
deep, 621 
middle, 618 
posterior, 618 
thoracic, acromial, 656 
alar, 657 
aorta, 670 
long, 657 
superior, 656 
thyroid axis, 647 
inferior, 647 
superior, G10 
thyroidea ima, 603, 11604 
tibial anterior, 709 
posterior, 712 
recurrent, 710 
tonsillar, 613 
transversalis colli, 648 
humeri, 648 
transverse coronary, 600 
facial, 618 
tympanic, from 
carotid, 628 
from internal maxillary, 
620 
ulnar, 665 
recurrent, anterior, 667 


internal 


posterior, 667 
umbilical, in fetus, 594, 
686 
uterine, 688 
vaginal, 688 


of vas deferens, 687 
vasa aberrantia, of arm, 659 
brevia, 678 
intestini tenuis, 679 
vertebral, 644 
vesical inferior, 687 
middle, 687 
ens 687 
vestibular, 1001 
Vidian, 622 
Arthrodia, 349 | 
Articular arteries (knee) from | 
popliteal, 707 : 
cartilage, 21 
end bulbs, 47 
lamella of bone, 346 
processes of vertebra, 161 
synovial membranes, 347 
ARTICULATIONS, 346 
acromio-clavicular, 376 
ankle, 412 | 
astragalo-calcanean, 416 k 
astragalo-navicular, 417 
atlanto-axial, 356 


T a a S E a, 











INDEX 


ARTICULATIONS (cond. ) 
caloaneo-astragaloid, 416 
calcaneo-cuboid, 417 
calcaneo-navicular, 418 
carpal, 392 
carpo-metacarpal, 394 
chondro-sternal, 367 
classification of, 348 
coccygeal, 373 
costo-central, 363 
costo-transverse, 364 
costo-vertebral, 363 
of cuboid with 

cuneiform, 420 
cuneiform with 

other, 420 
different kinds of, 348 
elbow, 383 
femoro-tibial, 402 
hip, 397 
immovable, 348 
knee, 402 
larynx, 1008 
metacarpal, 395 
metacarpo-phalangeal, 396 
metatarsal, 421 
metatarso-phalangeal, 422 
mixed, 348 
movable, 349 
movements of, 350 
naviculo-cuboid, 419 
naviculo-cuneiform, 419 
accipito-atlantal, 358 
occipito-axial, 359 — 
pelvis, 369 

with spine, 369 
phalanges, 397, 423 
pubic, 373 
radio-carpal, 390 
radio-ulnar, inferior, 388 

middle, 388 

superior, 387 
sacro-coceygeal, 372 
sacro-iliac, 371 
sacro-sciatic, 371 
sacro-vertebral, 369 
scapulo-clavicular, 376 
scapulo-humeral, 379 
shoulder, 379 
sterno-clavicular, 374 
of sternum, 369 
tarsal, 416 
tarso-metatarsal, 420 

_ temporo-mandibular, 360 

tibio-fibular, inferior, 412 
middle, 412 
superior, 411 

of tympanic bones, 988 

vertebral column, 352 

wrist, 390 

Aryteno-epiglottidean 
1009 

Aryteno-epiglottideus, 1011 

Arytenoid cartilages, 1006 
glands, 1012 
muscle, IOII 

Ascending cerebellar tract, 769 
colon, 1084 
cutaneous nerve, 924 
frontal artery, 633 

convolution, 813 
nerve-tracts, 843 
palatine artery, 613 
parietal artery, 633 
pharyngeal artery, 617 


external 


of each 


folds, 


Association fibres of hemi- 
spheres of brain, 832 
neurones, 767 
Asterion, 238 


Astragalo - fibular ligament, 
posterior, 414 
Astragalo - tibial ligament, 


posterior, 413 
Astragalus, 333 

development of, 342 
Atlanto-axial articulation, 356 
Atlas, 162 

development of, 170 
Atlo-odontoid joint, 356 
Atrabiliary capsules, 1173 
Atrium of bronchi, 1026 

of left auricle, 588 

of nasal fossz, 950 

of right auricle, 584 
Atrium or tympanic cavity, 

984 
Attic or epitympanic recess, 

984 
Attic of tympanum, 194 
Attollens auriculam muscle, 


430 
Attraction particle, or centro- 
some, 2 
sphere, or centrosphere, 3 
of ovum, 74 
Attrahens auriculam muscle, 


430 
Auditory artery, 646 
canal, 982 
meatus, external, 197 
development of, 122 
surface form of. 983 
internal, 194 
nerve, 877, IOOI 
surgical anatomy of, 879 
nucleus, accessory, 781 
dorsal, 781 
pit, 120 
teeth, 998 
veins, IOO! 
vesicle, 98 
| Auerbach’s plexus, 1081 
Auricle of ear, 980 
cartilage of, 981 
ligaments of, 981 
of heart, left, 588 
appendix of, 538 
atrium of, 588 
right, 584 
atrium or sinus of, 
584 
openings in, £85 
septum of, 590 
valves in, 585 
Auricular artery, anterior, 618 
posterior, 617 
canal, 125 
fissure, 195, 236 
lymphatic glands, 750 
nerve of vagus, 383 
posterior, from 
874 
surface of sacrum, 173 
veins, anterior, 720 
posterior, 720 
Auricularis anterior muscle, 
430 
magnus nerve, 894 
posterior muscle, 430 
superior muscle, 430 


facial, 


surgical anatomy of, 618 | Auriculo-temporal nerve, 866 


INDEX 


Auriculo-ventricular groove of Basion, 182 


heart, 584 | Basis vertebrarum venæ, 737 
opening, left, 589 Basket cells of cerebellum, 
right, 586 


| 796 

Bauhin, valve of, 1083 

BEAUNIS AND BOUCHARD, table 
of development of fœtus, 
from, 157 

Bechterew, band of, 835 
nucleus of, 787 

Bend of elbow, 658 

Biceps flexor cruris muscle, 556 

cubiti muscle, 512 
Bicipital fascia, 513, 731 


Auscultation, triangle of, 467 
Axes of the pelvis, 311 
Axilla, 651 
dissection of, 502 
surgical anatomy of, 652 
Axillary arch, 467 
artery, 653 
branches of, 656 
peculiarities, 655 
surface marking of, 655 


surgical anatomy of, 655 | groove, 275 
lymphatic glands, 753 | ridges, 275 
space, 651 | tuberosity, 285 
vein, 732 Al | Bicuspid teeth, 1034 
Axis, cerebro-spinal, 763 Biliary ducts, 1100, 1102 
coeliac, 674 structure of, 1103 


of eye, sagittal, 935 
or second vertebra, 164 
development of, 170 | Biventral lobe, 792 
thyroid, 647 , BLADDER, 1122 
Axis-cylinder of nerve-fibre,| development of, 151 
41, 763 i female, 1124 
process, 41, 763 | ligaments of, 1124 
of Purkinje, 41 | surface form of, 1127 
| 
i 
t 


Bird’s nest of cerebellum, 792 
: Biventer cervicis muscle, 473 


Axon of nerve-cells, 41 surgical anatomy of, 1128 
Azygos artery, articular, 708 trigone of, 1127 


of vagina, 688 | vessels and nerves of, 1127 
uvule muscle, 459 i Blastodermic membrane, 80 
veins, 734 i vesicle, 78 

| Biastopore, 81 
-Buoop, General Composition 


Back, muscles of, fifth layer, | of, 5 


473 | circulation of, in adult, 578 
first layer, 464 | in fætus, 594 
fourth layer, 470 -coagulation of, 8 
second layer, 468 corpuscles, 5 
third layer, 469 crystals, 9 
Baillarger, band of, 827 gases of, 9 
inner, 835 plasma of, 8 
outer, 815 | platelets, 7 
Ball-and-socket joint. See! Blood-dises, development of, 
Enarthrosis | 7,424 
Band of Baillarger, 827 i Blood-islands, 123 
inner, 835 Blood-vascular system, deve- 
outer, 835 ~ lopment of, 123 
of Bechterew, 835 | Blood-vessels of brain, 634 
of Gennari, 835 ! Bochdalek, ganglion of, 862 
of Giacomini, 318 ‘Bodies, Malpighian, of kidney, 
of Vicq d’ Azyr, 835 | o3 


of spleen, 1170 
Body of a tooth, 1032 
of a vertebra, IĜI 
Body-cavity or coelom, 84 
Body-stalk of mesoderm, 91 
Bonz, General Anatomy of. 


Bartholin, duct of, 1046 
glands of, 1149 
Basal column, posterior, 769 
_ ganglia of the hemispheres, 
825 
lamina, 108 
layer of decidua, 92 
ridge, or cingulum of teeth, 
1033 
Base of brain, 319 
of sacrum, 173 
of skull, 231 
external surface, 234 
internal surface, 231 
Basement membranes, 17 
Basi-hyal of hyoid bone, 227 
Basilar artery, 646 





—o 





2 
oils! constituent of, 28 
| apophyses of, 160 
articular lamella of, 346 
canaliculi of, 28 
cancellous tissue of, 23 
cells, 28 
| chemical composition of, 28 
| compact tissue of, 23 
| development of, 29 
| diploé of, 160 
t 
| 
| 
| 


j f, 28 
groove, 184 earthy constituent oi, 29 
membrane of cochlea, 997 eminences and depressions 
process, 182 of, 160 
suture, 229 epiphyses of, 160 


Basilic vein, 732 


an of, 32 
median, 731 


aversian canals of, 26 
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Bont, Haversian systems of, 25 


inorganic constituent of, 28 

lacune of, 27 

lamella of, 27 

lymphatics of, 25 

marrow of, 23 

medullary canal of, 159 
membrane of, 23 

minute anatomy of, 25 

nerves of, 25 

organic constituent of, 28 

ossific centres, number of, 32 

ossification of, 29 

periosteum of, 23 

vessels of, 24 


Bones, forms of, viz. long, 


flat, mixed or irregular, 
short, 159 
number of, in the body, 159 


Boxes orn Bone, Descriptive 


Anatomy of, 159 
astragalus, 333 
atlas, 162 
axis, 164 
calcaneum, 331 
carpal, 290 
clavicle, 264 
coccyx, 176 
cranial, 181 
cuboid, 334 
cuneiform, of carpus, 291 

of tarsus, 336 
ear, 987 
ethmoid, 204 
facial, 207 
femur, 313 
fibula, 326 
frontal, 187 
hand, 290 
humerus, 273 
hyoid, 227 
ilium, 301 
incus, 988 
inferior maxillary, 222 

turbinated, 220 
innominate, 300 
ischium, 304 
lachrymal, 214 
lesser Jachrymal, 215 
lingual, 227 
magnum, 293 
malar, 215 
malleus, 988 
mandible, 222 
maxillary, inferior, 222 

superior, 209 
metacarpal, 295 
metatarsal, 333 
nasal, 207 
naviocular, 335 
occipital, 181 
orbicular, 988 
palate, 217 
parietal, 185 
patella, 321 
pelvic, 300 
phalanges of foot, 341 

of hand, 298 
pisiform, 292 
pubic, 305 
radius, 235 
ribs, 257 
sacrum, 171 
scaphoid, 290 
scapula, 267 
sgemilunar, 291 
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Bonzs or Bone (cont.) 
sesamoid, 345 
sphenoid, 198 
sphenoidal spongy, 202 
stapes, 988 
sternum, 254 
superior maxillary, 209 
tarsal, 331 
temporal, 190 
tibia, 322 
trapezium, 292 
trapezoid, 293 
triquetral, 207 
turbinate, inferior, 220 
middle, 205 
superior, 206 
tympanic plate, 192 
ulna, 281 
unciform, 294 
vertebra prominens, 165 
vertehræ, cervical, 161 
dorsal, 165 
lumbar, 167 
vomer, 221 
Wormian, 207 
Bowman, glands of, 952 
sarcous elements of, 35 
Bowman’s capsule, 1113 
Brachia of corpora quadri- 
gemina, 802 
Brachial artery, 657 
branches of, 660 
peculiarities of, 658 
surface marking of, 659 
surgical anatomy of, 659 
lymphatic glands, 753 
plexus, 897 
surgical anatomy of, 908 
veins, 732 
Brachialis anticus muscle, 513 
Brachio-cephalic artery, See 
Innominate 
Brachio-radialis muscle, 520 
Brain, General Anatomy of, 
43 
Brain, 775 
convolutions of, 810 
development of, 109 
dura mater of, 845 
hemispheres of, 809 
interior of, 820 
lobes of, 811 
subdivision into parts, 775 
weight of, 836 
Brain-sand, 806 
Breasts, 1159 
development of, 123 
Bregma, 231 
Brim of pelvis, 309 
Broad ligaments of uterus, 
1152 
formation of, 1060 
Broca, convolution of. 813 
Rronchi, left, 1014 
in lung, 1025 
right, 1013 
septum of, 1014 
Bronchial arteries, 671, 1027 
branch of innominate, 603 
lymphatic glands, 762 
septum, 1014 
tubes, see Bronchi 
veins, 736, 1027 
Broncho - mediastinal 
right, 749 
Bruch, membrane of, 960 


trunk, 


INDEX 


Brunner’s glands, 1079 
Bubonocele, 1182 
Buccal arteries, 622 
cavity, 1032 
development of, 104 
glands, 750 
lymphatic glands, 750 
nerve of facial, 876 
long, of inferior maxillary, 
866 
veins, 719 
Buccinator muscle, 438 
Bucco-pharyngeal area, 81 
fascia, 445 
Bulb, or medulla oblongata, 
775 
artery of, 690 
of corpus cavernosum, 1135 
spongiosum, 1137 
of internal jugular vein, 


721 
olfactory, 818, 836 
of the posterior horn, 824 
Bulbar arteries, 646 


portion of spinal accessory 


nerve, 886 
Bulbi vestibuli, 1149 
Bulbo-cavernosus muscle, 497 
Bulbous portion of urethra, 
1130 
Bulla ethmoidalis, 950 
Bundle of Vicq d’Azyr, 805, 
828 
Burdach’s tract, 772 
Burns’s space, 445 
Bursa omentalis, 138 
pharyngea, 1051 
Bursæ of knee, 407 
MUCOS#, 347 
of shoulder, 380 
synoviæ, 347 
Bursal synovial membranes, 
347 


Cæcum, 1082 
Calamus scriptorius, 799 


Calcanean arteries, external, 
714 
internal, 713 
Calcaneo - astragaloid liga- 
ments, 416 


Calcaneo-cuboid ligaments, 417 
Calcaneo-fibular ligaments, 414 


ag eal ligaments, 

41 

Calcaneo-plantar nerve, 927 

Calcaneo-tibial ligaments, 413 

Calcaneum, 33! 

Calcar avis, 816 
femorale, .318 

Caloarine fissure, 816 

Calices of kidney, 1112 

Callosal convolution, 818 
fissure, 818 

Calloso-marginal fissure, 811 

Camper, fascia of, 483 

Camper’s ligament. 
Ligament, triangular, 
Urethra 


re 
l Canaliculi of bone, 28 
, Canalis centralis cochleæ, 195 


hyaloideus of Stilling, 120 
reuniens, 995 
spiralis modioli, 993 


See 
of 


CANALS OR CANAL— 
accessory palatine, 218 
alimentary, 1031 
anterior dental, 210 

palatine, 212 
for Arnold’s‘nerve, 195 
auditory, 982 
carotid, 194, 195 
for chorda tympani, 
984 
of cochlea, 993 
crural, 1191 
dental posterior, 210 
ethmoidal, 189 
Haversian, of bone, 25 
of Huguier, 192 
inferior dental, 224 
infra-orbital, 209 
inguinal, 1178 
for Jacobson’s (tympanic) 
nerve, 195 
lachrymal, 978 
naso-palatine, 222 
of Nuck, 154, 1152, 1179 
palatine, anterior, 212 
posterior, 210 
of Petit, 971 
pterygo-palatine, 200 
sacral, 174 
of Schlemm, 958 
semicircular, 992 
spermatic, 1178 
of spinal cord, 766 
spiral, of cochlea, 993 
of modiolus, 993 
of Stilling, 970 
temporo-malar, 217 
for tensor tympani muscle, 
196, 986 
vertebral, 179 
Vidian, 201 
of Wirsung, 1107 

Cancellous tissue of bone, 23 

Canine eminence, 209 
fossa, 209 
teeth, 1034 

Canthi of eyelids, 975 

Capillaries, 53 
structure of, 54 

Capitellum of humerus, 277 

Capsula extrema, 327 

Capsular ligament of hip, 397 

of knee, 403 
of shoulder, 379 
of thumb, 394 
of vertebra, 354 
Capsule of brain, external, 828 

internal, 827 

of Glisson, 1098 

of kidney, 1112 

of lens, 971 
in foetus, 120 

of Tenon, 954 

Capsules, suprarenal, 1172 

Caput cornu of cord, 766 
gallinaginis, 1129 

Cardiac ganglion of Wrisberg, 


192, 


938 
lymphatics, 762 
muscular tissue, 37 
nerves, 934 
from pneumogastric, 884 
plexus of nerves, deep, 938 
superficial, 938 
veins, 746 
Cardinal veins, footal, 133 


Carotico-tympanic nerve, 932 
Carotid arch, 129 
artery, common, 605 
branches of (occasional), | 
608 


peculiarities of, 607 

surface marking of, 608 | 

surgical anatomy of, 
608 


external, 609 
branches of, 610 : 
surface marking of, 610 ` 
surgical anatomy of, 610 
internal, 625 ' 
branches of, 628 | 
peculiarities of, 626 
surgical anatomy, 627 |, 
branch of Vidian, 864 
canal, 194, 195 
ganglion, 932 
gland, 607 
groove, 199 
plexus, 932 


superior, 623 
tubercle, 162” 
Carpal arch, anterior, 664 
posterior, 664 
arteries, from radial, 664 
from ulnar, 668 
ligaments, 392 
Carpo-metacarpal articulations, 
394 
Carpus, 290 
articulations of, 392 
development of, 298 
surface form of, 299 
surgical anatomy of, 300 
CARTILAGE, General Anatomy 
of, 20 
articular, 21 
arytenoid, 1006 
of bronchi, 1026 
cellular, 20 
costal, 21, 261 
cricoid, 1005 
cuneiform, 1007 
of ear, 981, 983 
ensiform, 255 
of epiglottis, 1007 
fibrous, 21 
hyaline, 20 
of Jacobson, 950 
of larynx, 1004 
matrix of, 20 
of the nose, 948 
permanent, 20 
of the pinna, 981 
of Santorini, 1006 
semilunar, of knee, 405 
of septum of nose, 949 
temporary, 21 
thyroid, 1004 
of trachea, 1015 
white fibro-, 21 
of Wrisberg, 1007 
xiphoid, 255 
yellow elastic, 23 
Cartilage cells, 20 
lacuna, 20 
Cartilagines minores, 949 
Cartilaginous ear capsule, 99 
Cartilago triticea, 1007 
Caruncula lacrimalis, 977 
‘aruncule myrtiformes, 1149 
Cauda equina, 764 


triangle, inferior, 623 | 
: 
| 
| 


INDEX 


Cauda helicis, 981 

Caudal fold of embryo, 87 

Caudate nucleus, 825 

Cava inferior, 741 
peculiarities, 742 


superior, 734 
Cavernous body, artery of, ' 


' Cerebellar 


groove, 199 
nerves of penis, 941 
plexus, 932 
sinus, 727 | 
nerves in, 870 | 
surgical anatomy of, 727 | 
Cavity, cotyloid, 305 ' 
glenoid, 271 
of pelvis, 310 | 
sigmoid, greater, 281 
lesser, 283 
Cavum conch, 980 
Meckelii, 858 
oris proprium, 1031 
Cell, oe onal; I i 
definition of, 1 
division of, direct, 5 
indirect, 3 
nucleus of, 2 
reproduction of, 3 
: structure of, I 
Cell-mass, inner, of ovum, 
i 78 
` intermediate, 84 
Cell-wall, 5 
| Cells of bone, 28 
| chalice, 11 
| of Claudius, 1000 





| 


of Deiters, 1000 
ethmoidal, 205 
fat, 19 
goblet, 11 
of Golgi, 333 
of Martinotti, 334 
' mastoid, 193 
prickle, 13 
of Purkinje, 796 
of Sertoli, 1142 
supporting, of Hensen, 1000 
Cellular cartilage, 20 
tissue, mucous, 17 
retiform, I7 
Cement of teeth, 1038 
formation of, 1041 
‘Central canal of cord, 766 
| ganglionic system of arteries, ` 





5 

a of brain, 635 | 
ligament of cord, 851 | 
lobe of cerebrum, 817 | 
tendinous point of perineum, | 


497 
tendon of diaphragm, 480 
Centre of ossification, 30 
Centres of ossification, number 


of, 32 
visual, higher, 809 
lower, 809 
Centrifugal nerve-fibres, 45 
Centripetal nerve-fibres, 45 
Centro-acinar cells of Langer- 
hans, 1108 | 
Centrosome, 2 : 
bodies of spermatozoon, 76 
Centrosphere, 3 
Centrum ovale majus, 
minus, 820 
of vertebra, 16! 


820 
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Cephalic flexure of embryonic 


brain, r10 


j 
| Cephalic fold of embryo, 87 


vein, 732 
median, 731 


' Cerato-hyal of hyoid bone, 


228 
arteries, anterior 
inferior, 646 
posterior inferior, 646 
superior, 646 
ascending or direct tract,. 


770 
descending fibres, 772 
notch, anterior, 788 
posterior, 788 
veins, 725 
erehbello-o!ivary tract, 782 
CEREBELLUM, 787 
corpus dentatum of, 792 
development of, 112 
fibræ propriæ of, 794 
great horizontal fissure of, 
788 
grey matter in, 796 
hemispheres of, 788 
laminæ of, 792 
lobes of, 788 
median lobe of, 788 
peduncles of, 792 
structure of, 792 
under surface of, 790 
upper surface of, 788 
weight of, 796 
white matter of, 792 
Cerebral arteries, 634 
anterior, 633 
middle, 633 
posterior, 646 
cortex, special types of, 235. 
structure of, 833 
hemispheres, 809 
borders of, 80) 
convolutions of, 810 
development of, 114 
fibres of, 831 
fissures of, 810 
grey matter of, 832 
yri of, 810 
lobes of, 81t 
poles of, 810 
structure of, 831 
sulci of, 810 
surfaces of, 809 
white matter of, 831 
lymphatics, 751 
topography 9 837 
veins, 724 
ventricles, 797, 805, 823. 
829 
vesicles, 107 


| Cerebro-olivary tract, 782 
CEREBRO-SPINAL AXIS, 763 


fluid, 849 
nerves, 44 
system, 3737 63 


Ceruminous glands, 983 
Cervical 


artery, ascending, 
647 | 
superficial, 648 
enlargement of spinal cord, 
765 
fascia, 443 
anglion, inferior, 9 36 
middle, 934 
superior, 932 


T212 INDEX 


Cervical lymphatic glands,deep, | Ciliary muscle, 960 


751 nerves, long, 860 
superficial, 751 | short, 860 
surgical anatomy of, 752; processes of eye, 960 

nerves, 891 Ciliated epithelium, 11 


anterior divisions of, 893 | Cingulum, 818, 832 
posterior divisions of, 891 of teeth, 1033 


roots of, 891 Circle of Willis, 635 
nucleus, 769 Circular sinus, 728 
plexus, 894 Circulation of blood in adult, 
deep branches of, 897 578 
superficial branches of, 894 in foetus, 594 
rib, 165 Circulus major of iris, 632 
veins, deep, 723 minor, 632 
vertebra, 161 tonsillaris, 865 


surgical anatomy of, 360 | Circumduction, 351 
Cervicalis ascendens muscle, Circumferential fibro-cartilage, 





Cochlea, central axis of. 993 
' cupola of, 993 
' lamina spiralis of, 994 
| membranous canal of, 997 
nerves of, IOOI 
scale of, 994 
spiral canal of, 993 
| veins of, 1001 
Cochlear artery, 1001 
nerve, 877, IOOI 
| Cochleariform process, 196, 986 
Cooliac axis, 675 
plexus, 940 
Ceelum, 84 
` Cog-tooth of malleus, 988 
| Cohnheim, areas of, 35 
Colica dextra artery, 689 


472 22 media. 680 
Cervicis princeps artery, 616 | Circumflex artery of arm, | sinistra, 680 
profunda artery, 651 anterior, 657 . Collagen, 16 
Cervico-facial nerve, 876 posterior, 657 Collateral circulation. See 
Cervix cornu of cord, 766 artery of thigh, external, 702 . Surgical Anatomy of each 
uteri, 115! internal, 703 artery 
Chalice cells, 11 iliac artery, deep, 095 fissure, II 
Chambers of the eye, 670 superficial, 701 intercostal artery, 672 
Chassaignac’s tubercle, 162% nerve, 900 | Collecting tubes of kidney, 
Check ligaments, 359 surgical anatomy of, 908 | 1114 
of eye, 954 vein, deep, 740 | Colles, fascia of, 496 
Cheek, muscles of, 437 superficial, 738 | Colliculus nervi optici, 964 
Cheeks, structure of, 1031 Circumflexus palati muscle, ' Colon, 1084 
Chest, muscles of front of, 502 458 _ Colostrum corpuscles, 1160 
side of, 506 Circumvallate papilla | of Coloured lines of Retzius, 
surface form of, 261 tongue, 944 ' 1038 


surgical anatomy of, 262 Cistern of Pecquet, 749 
Chiasma, or optic commissure, Cisterna basalis, 849 


853 magna, 849 
Choanæ, 245 pontis, 849 
Cholesterine, 6 Cisternz, 849 
Chondrin, 23 Clarke’s column, 768 
Chondro-cranium, 98 Claudius, cells of, 1000 
Chondro-glossus muscle, 453 | Claustrum, 827 
Chondro-mucoid, 23 Clava of funiculus gracilis, 778 


Chondro-sternal ligaments, 367 | Clavicle, 264 
Chondro-xiphoid ligament, 367| development of, 266 


Chorda dorsalis, 83 fracture of, 537 
tympani nerve, 873, 990 peculiarities in sexes, 266 
Chordæ tendines, of left ven- | surface form of, 267 
tricle, 590 | surgical anatomy of, 267 
of right ventricle, 587 i Clavi-pectoral fascia, 653 
vocales, 1010 Cleft palate, 250 
Willisii, 725 Clinging fibres of cerebellum, 
Chordal furrow, 83 7 
portion of base of skull, 98 Clinoid processes, anterior, 202 
‘Chorion, 89 middle, 199 
frondosum, 90 posterior, 199 
læve, 90 Clitoris, 1148 
Chorionic villi, 89 frenum of, 1148 
Choroid arteries, anterior, 634 lymphatics of, 758 
posterior, 647 muscles of, 501, 1148 
coat of eye, 959 prepuce of, 1148 
plexus of fourth ventricle, Clivus, 199 
798 monticuli of cerebellum, 789 
of lateral ventricle, 830 | Cloaca, 141 
of third ventricle, 831 Cloacal membrane, 141 
veins of brain, 724 Clot, 8 
Choroidal fissure, 118, 831 Coagulation of blood, 8 
Chromatin, 2 Coccygeal artery, 691 
Chromoplasm, 2 gland, 683 
Chromosomes, 3 nerve, 921 
Chyle, 10 Coccygeus muscle, 496 
Chyli receptaculum, 749 Coccyx, 176 
Cilia, or eyelashes, 975 development of, 176 
Ciliaris pars muscle, 430 Cochlea, 992 
Ciliary arteries, 632, 972 aqueduct of, 195 
body, 960 arteries of, 1001 
ganglion, 860 canal of, 993 


| Coloured or red corpuscles, 5 
| 


Colourless corpuscles, 6 
Columella cochleæ, 993 
Columna nasi, 106, 948 


. Columns carne of left ven- 


tricle, 590 


| of right ventricle, 587 


fornicis, 828 
apillares, 587, 590 
Columnar epithelium, [1 
Columns of abdominal ring, 
1176 
of spinal cord, 765 
of vagina, 1150 
Comes nervi ischiadici artery, 
692 
, phrenici artery, 650 
' Comma tract, descending, 773 
| Someta fibres of brain, 
32 
Commissure of brain, anterior, 
829 
middle or soft, 807 
posterior, 803 
of Gudden, 808, 853 
of Meynert, 804 
optic, 808 
of spinal cord, grey, 765 
white. 765 
Common ligaments of vertebra, 
352 
Communicans peronei nerve, 
928 
tibialis nerve, 927 
Communicantes hypoglossi 
nerve, 896 
Communicating artery of brain, 
anterior, 633 
posterior, 634 
from dorsalis pedis, 712 
from ulnar, 669 
Compact tissue of bone, 23, 159 
' Complexus muscle, 473 


INDEX 


Compressor naris muscle, 435 
narium minor muscle, 435 
urethre muscle, 500 


Cooper, ligament of, 486 
Coraco-acromial ligament, 378 
Coraco-brachialis muscle, 512 
in female, 501 Coraco-clavicular ligament, 376 
Conarium, 806 Coraco-humeral ligament, 379 
Concéntric corpuscles of thy-| Coracoid process, 271 


mua, 1166 


fracture of, 537 


Conception, where effected, 77. Cord, spermatic, 1139 


Concha, 980 
Condyles of bones. See Bones 
Condyloid articulations, 349 
foramina, 182 
process, 225 
veins, posterior, 723, 727 
Cone of attraction of ovum, 78 
Cone-bipolar cells, 966 
Cone-granules of retina, 968 
Cones of retina, 968 
Congenital fissures in cranium, 
207 
hernia, 1182 
Conglobate glands, 747 
Conjoined tendon of internal 
oblique and transversalis 
muscles, 486, 1177 
Conjunctiva, 976 
Connecting fibro-cartilages, 22 
Connective tissue, 13 
adenoid, 17 
development of, 17 
elastic, 16 
fibrous, I5 
lymphatics of, 16 
lymphoid, 17 
mucous, 17 
nerves of, 17 
retiform, 17 
vessels of, 16 
yellow, 16 
Connective-tissue corpuscles, 14 
Conoid ligament, 377 | 
tubercle, 265 
Constrictor inferior muscle, 


— a a 


456 


isthmi faucium muscle, 459 

medius muscle, 456 

superior muscle, 457 

urethræ muscle, in female, 

501 
in male, 500 

Contractile fibre-cells, 37 
Conus arteriosus, 586 

medullaris, 764 
Convoluted tubular gland, 7% 
Convolution of Broca, 313 
Convolutions, angular, 815 

ascending frontal, 812 

eallosal, 818 

of ai topography of, 

38 

cuneus, 816 

dentate, 818 

frontal, 811 

hippocampal, 818 

marginal, 814 

occipital, 816 

occipito-temporal, 816 

orbital, 813 

parietal, 814 

post-central, 815 

post-parietal, 815 

pre-central, 815 

precuneus, 816 

quadrate, 816 

supra-marginal, 815 

temporal, 816 





Spinal, 763 
umbilical, 95 


Corium of mucous membrane, 


71 
of skin, 64 
of tongue, 943 


Cornea, 956 
Corneal corpuscles, 957 


spaces, 957 


Cornicula laryngis, 1006 
Cornua of the coccyx, 176 


of hyoid bone, 227 
of lateral ventricles, 823 
of the sacrum, 173 
of thyroid cartilage, 1005 
Cornu Ammonis, 824 
Cornu-commissural tract, 772 
Cornucopia, 797 
Corona glandis, 1135 
radiata, 828 
of ovum, 75 
Coronal suture, 229 
Coronary arteries of heart, 599 
descending, 600 
marginal, 600 
peculiarities, 600 
transverse, 600 
of lip, 614 
artery of stomach, 676 
ligament of liver, 1098 
ligaments of knee, 406 
plexus, left, 938 
right, 938 
sinus, 740 
opening of, 585 
Coronoid fossa, 277 
process of jaw, 224 
of ulna, 281 
Corpora albicantia, 804 
peduncles of, 805 | 
Arantii, 587, 590 i 
bigemina, 802 | 
cavernosa clitoridis, 1148 
penis, 1135 
crura of, 1135 
geniculata, 808 
mammillaria, 804 
quadrigemina, 801 
structure of, 802 
striatum, 825 
veins of, 725 
Corpus callosum, 820 
convolution of, 818 
genu of, 821 
peduncles of, 822 
rostrum of, 821 
splenium of, 827 
cavernosum, artery of, 690 
dentatum of  cerebellum,, 


792— 
Highmori, 1141 
spongiosum, 1136 
striatum, 825 
subthalamicum, 809 | 
trapezoides of pons, 7 86 | 
Corpuscles, blood, 5 | 
coloured, 5 | 
colourless, 6 
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| Corpuscles, blood, development 
of, 123 
origin of, 7 


of Herbst, 48 
Pacinian, 47 
of spleen, 1170 
tactile, 47 

of Vater, 47 


Corrugator cutis ani muscle, 494. 


supercilii muscle, 431 


Cortex of cerebellum, 795 


of cerebrum, 833 


Corti, ganglion of, 993 


membrane of, 1090 
organ of, 999 

rods of, 999 

tunnel of, 999 


Cortical arches, 1112 


arteries of brain, 637 
columns, II12 
substance of brain, 833 
of kidney, 1112 
of suprarenal 
1173 
visual centre, 835 
Cortico-pontine fibres of crusta, 
800 
Cortico-protuberantial fibres of 
crusta, 800 
Cortico-striate fibres, 827 
Costal cartilages, 21, 261 
connection with ribs, 369 
process, 162, 169 
Costo-central articulation, 363 
Costo-chondral articulation, 


capsules, 


369 
Costo-clavicular ligament, 375 
Costo-coracoid ligament, 505 
membrane, 505 
Costo-mediastinal sinus, 1020 
Costo-transverse articulation, 
364 
Costo-vertebral 
363 
Cotunnius, nerve of. 865 
Cotyloid cavity, 306 
ligament, 399 
notch, 306 
Coverings of direct inguinal 
hernia, 1184 
of femoral hernia, 1193 
of oblique hernia, 1182 
of testis, 1137 
Cowper's glands, 1134, 1199 
Cranial bones, 180 
articulations of, 228 
fossæ, 231 
nerves, 851 
development of, 116 
eighth pair, 877 
eleventh, 886 
fifth, 857 
first, 852 
fourth, 857 
ninth, 879 
second, 852 
seventh, 871 
sixth, 870 
tenth, 880 
third, 854 
twelfth, 886 
sutures, 228 
Cranio-pharyngeal canal, 106 
Cranium, 180 
congenital fissures in, 207 
development of, 98 


articulations, 
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Cranium, lymphatics of, 751 Cuneiform bone, foot, external, 
Cremaster muscle, 487 
formation of, 488, 1177 
Cremasteric artery, 695 
fascia, 488 
Crescentic lobe, anterior, 789 | 
posterior, 789 i 
Crescents of Gianuzzi, 1047 
Crest, frontal, 189 
“of ilium, 302 
lachrymal, 215 
of nasal hone, 208 
obturator, 306 
occipital, 182 | 
internal, 183 | 


337 
internal, 336 
middle, 337 
hand, 291 
cartilages, 1007 
Cuneus, 816 
Cupola of cochlea, 993 
Curves of the spine, 177 
! Cushion of epiglottis, 1007 
of Eustachian tube, 1049 
Cusps of tricuspid valve, 587 
Cutaneous branches of anterior 
tibial nerve, 929 
of arm, musculo-cutaneous, 
902 
internal, 902 
lesser internal, 902 
of buttock and thigh, 924 
of cervical plexus, 894 
of circumflex, 900 
of dorsal nerve of penis, 
926 
of dorsal nerves, 909 
of external popliteal, 928 
internal, 927 
of ilio-hypogastric, 916 
of ilio-inguinal, 916 
of inferior hsemorrhoidal 
nerve, 924 
of inguinal region, 1186 
of intercostal nerves, 912 
of ischio-rectal region, 
1195 
of lesser sciatic nerve, 924 
of lumbar nerves, 913 
of median, 904 
of musculo-spiral, 907 
from obturator, 918 
of patella, 920 
of perineal nerve, 924 
of plantar nerve, 928 
of posterior tibial, 927 
of radial, 907 
of sacral nerves, 921 
of thigh, external, 916 
internal, 919 
middie, 919 
of ulnar, 905 
Cuticle of skin, 61 
Cuticula dentis, 1040 
Cutis plate, 96 
vera, 64 
: Cuvier, ducts of, 133 
Cylindrical epithelium, 11 
| Cymba conchae, 980 
Cystic artery, 678 
duct, 1103 
valve of, 1103 
plexus of nerves, 940 
veins, 745 
Cytoblast, 80 
i Cytoplasm, 1, 73 
oul 





of os pubis, 305 
of spine of scapula, 270 
of tibia, 323 
turbinated, of palate, 218 
of superior maxillary, 
210 
Cribriform fascia, 543, 1187 
plate of ethmoid, 204 
Crico-arytenoideus lateralis 
muscle, IOI! 


sticus muscle, IOII 

Crico-thyroid artery, 611 

membrane, 1008 

muscle, 1010 
Cricoid cartilage, 1005 
Crista basilaris, 998 

fibres, 

Crucial anastomosis, 692, 703 

ligaments of knee, 405 


falciformis, 194 
galli, 204, 231 
terminalis, 126 
of His, 126, 585 
vestibuli, 991 
Crossed commissural 
767 
pyramidal tract, 771 
Crown of a tooth, 1032 


Cruciform ligament, 357 
Crura cerebri, 799 
of clitoris, 1148 
of corpora cavernosa, 1135 
of diaphragm, 480 
fornicis, 828 
Crural arch, 485, 1188 
deep, 492, 1190 
canal, 1191 
nerve, anterior, 919 
surgical anatomy of, 929 ' 
ring, 1191 
septum, 1192 
sheath, 1189 
Crureus muscle, 547 | 
Crus commune of semicircular 
canals, 992 | 
helicis, 980 i 
laterale, 949 
mediale, 949 
penis, 1134 
superior and inferior, 
transverse ligament, 357 
Crusta or pes, 800 
petrosa of teeth, 1038 
Crypts of Lieberkühn, 1079 
Crystalline lens, 971 
Crystals, blood, 9 
Cuboid bone, 334 
Culmen monticuli 
bellum, 789 


- Dacryon, 242 
| Dangerous area of eyeball, 974 
| Dartos, 1138 
‘Darwin’s tubercle, 980 
: Daughter chromosomes, 3 
skeins, § 
of cere-| Decidua, 92 
capsularis, 92 


Cuneate funiculus, 777 reflexa, 92 
nucleus, 778 serotina, 92 
tubercle, 778 vera, 92 


Decidual cells, 92 
| Deciduous teeth, 1032 
Decusgation of fillet, 780 
of optic nerves, 853 
of pyramids, 776 


i Deep astragalo-tibial ligament, 
| 413 
| crural arch, 492, 1190 


palmar arch, 663 
perineal fascia, 498, 1198 
transverse fascia of leg, 562 
Deferent artery, 687 
| Deglutition, actions of, 460 
Deiters, cells of, 1000 
nucleus, 787 
Delimitation of embryo, 86 
Deltoid aponeurosis, 508 
muscle, 508 
tubercle, 265 
Demilunes of Heidenhain, 1047 
Demours, membrane of, 958 
Dendrites, 763 
Dendron of nerve-cells, 41 
Dens sapientix, 1035 
Dental artery, anterior, 622 
inferior, 621 
posterior, 622 
canal, anterior, 210 
inferior, 224 
posterior, 210 
furrow, 1038 
germ, 1038 
lamina, 1038 
| nerves, anterior superior, 362 
inferior, 867 
| middle superior, 862 
posterior superior, 862 
| pulp, 1035 
sacs, 1040 
tubuli, 1036 
| Dentary centre of ossification, 
| 225 
| Dentate convolution, 818 
fascia, 818 
| fissure, 818 
| Dentinal tubuli, 1036 
| Dentine, 1036 
| formation of, 1040 
; Depressions for Pacchionian 
bodies, 186, 189 
: Depressor ale nasi muscle, 
435 
anguli oris muszle, 437 
` labii inferioris muscle, 437 
' Dermal bones, 99 
. Dermic coat of hair follicle, 66 
' Dermis, or true skin, 64 
' Descemet, membrane of, 958 
Den gpdans hypoglossi nerve, 
8 
Descending aorta, 670 
colon, 1085 
comma tract, 773 
coronary artery, 600 
nerve-tracts, 842 
tracts of central nervous 
system, 842 
Descent of testicle, 153 
Detrusor urine muscle, 1126 
Deutoplasm, 74 
DEVELOPMENT of alimentary 
canal and its appendages, 
135 
arteries, 128 
atlas, 170 
axis, 170 





DEVELOPMENT of blood vas- DEVELOPMENT of testicles, 151 DISSECTION 


cular system, 123 
bone, 29 
brain, 109 
carpus, 298 
clavicle, 266 
coccyx, 176 
cranium, 98 
diaphragm, 145 
ear, 120 
embryo, 96 
ethinoid, 206 
eye, 117 
face, 106 
femur, 318 
fibula, 328 
foot, 342 
frontal bone, 199 
generation, external organs 
of, 154 
generative organs, 146 
hand, 298 
heart, 125 
humerus, 277 
hyoid bone, 228 
inferior turbinated bone, 
kidney, 147 
lachrymai bone, 215 
lens, 118 
limbs, 100 
liver, 143 
lower jaw, 225 
lumbar vertebræ, 171 
malar bone, 217 
mammæ, 123 
metacarpus, 298 
metatarsus, 342 
mouth, 104 
muscle fibre, 38 
muscles, 123 
nasal bone, 208 
nerve cells and fibres, 43 
nerves, 116 
nervous system, 107 
nose, 106 
occipital bone, 184 
os innominatum, 306 
ovaries, 151 
palate, 104 
bone, 220 
pancreas, 144 
parietal bone, 187 
patella, 321 
permanent teeth, 1042 
phalanges of foot, 343 
of hand, 299 
pharynx, 101 
pituitary body, 105 
radius, 286 
respiratory organs, 144 
ribs, 97, 259 
sacrum, 175 
salivary glands, 104 
scapula, 271 - 
seventh cervical, 171 
skeleton, 96 
akin, 122 
skull, 98 
sphenoid, 203 
spine, 96 
spleen, 144 
sternum, 97 
superior maxillary bone, 213 
tarsus, 342 
temporal bone, 197 
temporary teeth, 10 38 


221 





INDEX 


i thymus gland, 105 
` thyroid body, 105 
tibia, 325 
tongue, 103 
tonsil, 105 
ulna, 284 
urinary organs, 146 
veins, 132 
vertebras, 169 
vertebral column, 96 
vomer, 222 
Wormian, 207 
Development of organs, chrono- 
logical table of, 157 
Diameters of pelvis, 310 
Diaphragm, 479 
development of, 145 
lymphatics of, 761 
of the pelvis, 1054 
trefoil tendon of, 480 
Diaphragma sellæ, 804, 846 
_ Diaphysis, 32, 160 
' Diarthrosis, 349 | 
| Diaster, or daughter star, 3 | 
! ‘Diencephalon, 113 
| Digastric fossa, 193 
muscle, 450 
nerve, from facial, 874 : 
Digestion, organs of, 1030 : 
Digital arteries from palmar | 
arch, 669 | 
plantar, 716 
fossa, 315 | 
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| 
| nerves of foot, 928 
i from median, 994 
| from radial, 907 
from ulnar, 905 
La - 
Dilatator naris anterior muscle, 
435. 
| posterior, 435 
| Dilator tubæ, 987 : 
Diploé, 160 
veins of, 723 | 
| Direct auditory nucleus, 781 
cerebellar tract of cord, 770 
inguinal hernia, 1184 
course of, 1184 | 
coverings of, 1184 | 
peripheral band, 773 
pyramidal tract, 770 ! 
Discus proligerus, 1158 
Dispirem or daughter skeins, 
Dissection of abdominal mus- 
cles, 482 
arm, 511 
auricular region, 429 
axilla, 502 
back, 464 
epicranial region, 427 
eye, 958 
face, 430 
femoral hernia, 1186 
foot, 567 
forearm, 515 
gluteal region, 551 
hand, 525 
heart, left auricle, 588 
left ventricle, 588 
right auricle, 584 
right ventricle, 586 
hernia, femoral, 1 186 
inguinal, 1175 
iliac region, 541 
inferior maxillary 
437 











region, 
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of 
_ region, 448 
inguinal hernia, 1175 
intermaxillary region, 437 
ischio-rectal region, 1194 
leg, 558 
lingual region, 452 
neck, 443 
orbit, 432 
palatal region, 458 
palm of hand, 525 
palpebral region, 430 
pancreas, 1105 
pectoral region, 502 
perineum, 1194 
pharynx, 456 
pterygoid muscles, 440 
radial region, 520 
scalp, 427 
sole of foot, 567 
suprahyoid region, 450 
temporal muscle, 439 
thigh, back of, 555 
front of, 543 
_inner side of, 548 
Diverticulum, Meckel’s, 1075 
Division of cells, 3 
direct, 5 
indirect, 3 
Dorsal artery of penis, 691 
auditory nueleus, 781 
nerve of penis, 926 
nerves, 909 
anterior divisions of, 910 
peculiar, 912 
posterior divisions of, 909 
roots of, 909 
radial tubercle, 287 
vein of penis, 741 
vertebra, 165 
peculiar, 167 
Dorsales pollicis arteries, 604. 
Dorsalis hallucis artery, 712 
indicis, 664 
linguæ, 612 
nasi artery, 632 
pedis, 710 
branches of, 711 
peculiarities of, 711 
surface marking of, 711 
surgical anatomy of, 71! 
scapulæ, 657 


infrahyoid 


5 | Dorsi-spinal veins, 736 


Dorsum of scapula, 268 
ephippii or sella, 199 
Douglas, pouch of, 1060, 1152 
semilunar fold of, 487, 490 
Ductless glands, 1162 
spleen, 11 
suprarenal capsule, 1172 
thymus, 1165 
thyroid, 1162 
Decrs or Duct, of Bartholin, 
1046 
biliary, 1100 
of Cowper’s glands, 1130 
of Cuvier, 133 
cystic, 1102 
ejaculatory, 1146 
galactophorous, 1160 
of Gartner, 1159 
hepatic, L101, 1102 
cf kidney, 1114 
lactiferous, 1160 
of liver, 1101 
lymphatic, right, 749 
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Dyers or Duct (cont.) 
nasal, 978 
of pancreas, 1107 
parotid, 1045 
of Rivinus, 1046 
seminal, 1142 
Stenson’s, 1045 
thoracic, 748 
Whartcn’s, 1046 
Ductus arteriosus, 593, 59% 
how obliterated in fœtus, 
596 
communis choledochus, 1103 
endolymphaticus, 195, 995 
pancreaticus accessorius, 
1108 
Rivinus, 1046 
Santorini, 1108 
thyro-glossus, 105 
utriculo-saccularis, 994 
venosus, 133, 594 
development of, 133 
how obliterated, 596 
Duodenal fold, 1064 
fossa, inferior, 1064 
superior, 1065 
glands, 1079 
Duodeno-jejunal flexure, 1073 
fossa, 1065 
Duodeno-mesocolic ligaments, 
1065 
Duodenum, 1072 
vessels and nerves of, 1075 
Dura mater of brain, 845 
arteries of, 846 
endosteal layer of, 846 
meningeal layer of, 846 
nerves of, 846 
processes of, 846 
structure of, 846 
veins of, 846 
of cord, 847 
peculiarities of, 847 


Ear, 980 
arteries of, 982, 990, IOOI 
auditory canal, 982 
cochlea, 992 
development of, 120 
internal, or labyrinth, 991 
membranous labyrinth, 994 
muscles of pinna, 981 
of tympanum, 989 
ossicula of, 987 
pinna or auricle of, 980 
semicircular canals, 992 
surface form of, 983 
surgical anatomy of, 1001 
tympanum, 984 
vestibule, 991 
Earthy constituents of bone, 
28 
Ectoderm, 86 
embryonic, 80 
primitive, 78 
Ectodermal cloaca, 141 
Ectopia cruralis, 1144 
Efferent nerves, 45 
tracts of central nervous 
system, 842 
Egg-tubes, 1158 
Eighth nerve, 877 
surgical anatomy of, 879 
Ejaculatory ducts, 1146 
Elastic cartilage, 23. 


INDEX 


Elastic connective tissue, 16 
lamina of cornea, 958 


| Epigastric artery, deep, 95 
peculiarities, 695 


Elastin, 16 relation: to femoral 
Elbow, bend of, 658 i ring, 1192 
joint, 383 with internal ring, 
anastomoses around, 661 ; 1179 


surface form of, 386 


surgical anatomy of, 386 | 


vessels and nerves of, 385 
Eleidin, 62 
Eleventh nerve, 886 


surgical anatomy of, 886 


Embryo, delimitation of, 86 
development of, 96 
Embryonic area, 80 
ectoderm, 80 
pole, 78 


Eminence of aquæductus Fal- 


lopii, 985 
canine, 209 
frontal, 187 
genital, 154 
ilio-pectineal, 303 
nasal, 187 
parietal, 185 
Eminences and depressions 
bones, 160 
Eminentia acustica, 799 
arcuata, 194 
articularis, 191 
collateralis, 825 
teres, 799 
Emissary veins, 729 
Enamel cells, 1039 
droplet, 1040 
epithelium, 1040 
organ, 1040 
rods, 1037 
of teeth, 1037 
formation of, 1040 
Enarthrosis, 349 
Encephalon, 43 
size of, 836 
weight of, 836 
End-bulbs of Krause, 46 
End-piece of spermatozoon, 


End-plates, motorial, of Kiihne, 


50 

Endings of Ruffini, 47 
Endocardial cushions, 127 
Endocardium, 590 
Endo-gnathion, 250 
Endolymph, 994 
Endomysium, 33 
Endoneurium, 44 


Endosteal layer of dura mater, 


846 
Endothelium, 11 
Ensiform process, 255 
Entoderm, 80, 86 
Entodermal cloaca, 141 
Eosinophile corpuscles, 6 


Eparterial division of bronchus, 


1025 
Kpendyma, 323 
Ependymal layer, 108 
Epicardium, 591 


Epicondyles of humerus, 275 | 
Epidermic coat of hair follicle, | 


67 
Epidermis, development 
122 
structure of, 10, 61 
Epididymis, 1140 
development of, 148 
Epidural space, 847 


superficial, 701 
superior, 650 
_ fossa, 262 
plexus, 938 
| region, 1056 
| vein, 738 
superficial, 738 
| Epiglottic glands, 1012 
KEpiglottis, 1007 
| Epimysium, 33 
' Kpineurium, 44 
_Epiphysial cartilage, 30, 32 
Epiphysis, 33, 160 
cerebri, 806 
Epithelial cells, 10 
Epithelium, 10 
ciliated, 11 
columnar, I! 
cylindrical, 11 
germinal, 152 
of Waldeyer, 1157 
pavement, II 
spheroidal or glandular, 11 
stratified, 12 
| transitional, 13 
See Various Organs 
Epitympanic recess, 194, 984 
Eponychium, 65 
Epodphoron, 150, 1159 
Erectile tissue, its structure, 
1135 
of clitoris, 1148 
of penis, 1135 
Erector clitoridis muscle, 501, 
1148 
penis muscle, 498 
spine muscle, 470 
Eruption of the teeth, 1042 
Erythroblasts, 8, 24 
76 | Erythrocytes, § 
Ethmo-frontal suture, 231 
Ethmo-sphenoidal suture, 231 
Ethmoid bone, 204 
articulations of, 206 
cribriform plate of, 204 
development of, 206 
lateral masses of, 205 
os planum of, 205 
perpendicular plate of, 204 
plate, 99 
unciform process of, 205 
Ethmoidal artery, 630 
canal, anterior, 189 
posterior, 189 
cells, 205 
notch, 189 
plate, 99 
process of inferior turbinated, 
221 
‘spine, 198 
Eustachian tube, 196, 986 
cushion of, 1049 
surgical anatomy of, 1002 
valve, 585 
of, ' in foetal heart, 594 
_ Exo-gnathion, 250 
| Expiration, muscles of, 482 
. Extensor brevis digitorum 
: muscle, 567 
pollicis muscle, 523 





of 


Extensor carpi radialis brevior 
muscle, 520 
longior, 520 
ulnaris, 522 
coceygis, 474 
communis digitorum (hand), 
521 
indicis, 524 
longus digitorum (foot), 560 
pollicis, 524 
minimi digiti, 522 
ossis metacarpi pollicis, 523 
primi internodii pollicis. See 
Extensor longus pollicis 
proprius hallucis, 559 
secundi internodii pollicis. 
See Extensor brevis pollicis 
External abdominal ring, 485, 
1176 
annular ligament, 567 
capsule, 828 
inguinal hernia, 1181 
medullary lamina, 807 
pterygoid plate, 202 
spermatic fascia, 485 
sphincter ani, 494 
Extra-embryonic area, 80 


Extra-peritoneal connective 
tissue, 492 
fat, 340 
Extrinsic muscles of tongue, 454 
Eye, 954 


appendages of, 974 
chambers of, 970 
choroid coat of, 959 
ciliary muscle, 960 
processes, 
conjunctiva, 976 
cornea, 956 
crystalline lens, 971 
development of, 117 
elastic lamina of cornea, 958 
humours of, 970 
aqueous, 970 
hyaloid membrane, 970 
iris, QO! 
Jacob’s membrane, 968 
membrana pupillaris, 963 
pupil, 961 
retina, 964 
sclerotic, 955 
surgical anatomy of, 972 
tunics of, 955 
uvea, 96I 
vessels of globe of, 972 
vitreous body, 970 
Eyeball, muscles of, 432 
nerves of, 972 
vessels of, 972 
Eyebrows, 974 
Eyelashes, 975 
Eyelids, 975 
development of, 120 
Meibomian glands of, 976 
muscles of, 430 
palpebral ligaments of, 976 
tarsal plates of, 975 
Eye-teeth, 1034 


Face, arteries of, 613 
bones of, 180, 207 
development of, 106 
lymphatics of, 751 
muscles of, 426 
nerves of, 871 
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Face, veins of, 718 
Facial artery, 613 


peculiarities of, 615 
surgical anatomy of, 615 
transverse, 618 
bones, 207 
nerve, 871 
surgical anatomy of, 876 
vein, 718 
common, 719 
deep, 719 
surgical anatomy of, 719 
transverse, 720 


Falciform ligament of liver, 


1098 
of sacro-sciatic articula- 
tion, 372 
process of fascia lata, 545 


Fallopian tubes, 1156 


evelopment of, 151 


| 
: 
| 
| 
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Fascia (cont.) 


prevertebral, 445 

propria of spermatic cord, 
1139 

recto-vesical, 1202 

of Scarpa, 483 

spermatic, 485 

superficial, 426 
of inguinal region, 1187 
of ischio-rectal region,1 194 
of thigh, 543 

temporal, 439 

of thigh, deep, 544 
superficial, 543 

of thorax, 477, 502 

transversalis, 339, 1179 

triangular, 486 

visceral layer of pelvic, 1202 


Fasciæ, general description of, 


a 


42 
fimbriated extremity of, | Fasciculus, posterior longitudi- 


1156 
lymphatics of, 759 
nerves of, 1159 
structure of, 1156 
vessels of, 1159 


T125 
pelvis, 308 
ribs, 257 


Falx cerebelli, 846 


cerebri, 846 


Fangs of teeth, 1033 
Fasora, anal, 1202 


of arm, 512 
bucco-pharyngeal, 445 
of Camper, 483 
cervical, deep, 443 
superficial, 443 
clavi-pectoral, 65 3 
of Colles, 496 
costo-coracoid, 505 
of cranial region, 427 
cremasteric, 488 
cribriform, 543, 1187 
deep, 426 
dorsal, of foot, 567 
fibro-areolar, its structure, 


425 
of forearm, 515 
general description of, 425 
of hand, 525 
iliac, 545 
infundibuliform, 1139, 1179 
intercolumnar, 485, 1176 
intercostal, 477 
intermuscular, of arm, 512 
of foot, 567 
ischio-rectal, 1202 
lata, 544, 1187 
falciform process of, 1187 
iliao portion, 545 
pubic portion, 545 
of leg, 558 
deep transverse, 
lumborum, 469 
of mamma, 502 
masseteric, 439 
of neck, 443 
obturator, 1202 
palmar, 527 
parotid, 439, 445 
pelvic, 1202 
perineal, deep, 1198 
superficial, 1196 
plantar, 568 


562 


| 


nal, 777, 801 
retroflexus of Meynert, 808 
solitarius, 784 
of tuber cinereum, 804” 


Fasciola cinerea, 818 
False ligaments of bladder,| Fat, 18 


cells, 19 
development of, 19 


Fauces, isthmus of, 1043 
Fecundation of ovum, 77 
FEMALE ORGANS OF GENERA- 


TION— 
bulbi vestibuli, 1149 
caruncule myrtiformes, 1149 
clitoris, 1148 
development of, 150, 156 
fossa navicularis, 1148 
glands of Bartholin, 1149 
hymen, 1149 
labia majora, 1147 
minora, 1148 
nymph, 1148 
uterus, I150 
vagina, 1149 
vestibule, 1149 


FEMORAL artery, 696 


branches of, 700 
common, 696 
deep, 702 
peculiarities of, 699 
superficial, 698 
surface marking of, 699 
surgical anatomy of, 699 
or crural canal, [191 
variation in size of, accord- 
ing to position of limb, 
1192 
hernia, complete, 1193 
coverings of, 1193 
descent of, 1192 
dissection of, 1186 
incomplete, 1193 
seat of stricture, 1193 
surgical anatomy of, 1186 
region, muscles of anterior, 


543 
internal, 548 
posterior, 556 
ring, T¥9! 
position of surrounding 
parts, 1191 
sheath, 1189 
spur, 318 
vein, 740 
relation of crural ring, 1191 
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Femur, 313 
articulations of, 318 


attachment of muscles to, | Fimbria of hippocampus, 


319 
condyles of, 317 
development of, 318 


i 
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850 


Fimbrie of Fallopian tube, 
1156 
Fimbrio-dentate fissure, 829 


fracture of, above condyles, | First nerve, 852 


57 
below trochanters, 576 
head of, 313 
neck of, 314 
fracture of, 575 
structure of, 318 
surface form of, 319 
surgical anatomy of, 320 
trochanters of, 315 
Fenestra ovalis, 985 
rotunda, 985 
Fenestrated membrane 
Henle, 16, 52 
Ferrein, pyramids of, 1114 
Fertilisation of ovum, 77 
Fibræ propriæ of cerebellum, 


of 


794 
Fibre-cells, contractile, 38 
Fibres of Müller, 968 

of muscles, 33 

of nerves, 41 

of Remak, 43 
Fibrillz, termination of nerves 


ferment, 8 
Fibrinogen, 8 
Fibro-cartilage, 21 
connecting, circumferential, 
and stratiform, 22 
interarticular, 22 
ellow, 23 
Fibro-cartilages— 
acromio-clavicular, 376 
intercoccygean, 373 
intervertebral, 353 
of knee, 405 
of lower jaw, 361 
pubic, 373 
radio-ulnar, 389 
sacro-coccygean, 373 
sterno-clavicular, 375 
Fibro-serous membranes, 69 
Fibrous cartilage, 21 
connective tissue, 15 
nervous matter, 41 
rings of heart, 591 
tissue, white, 15 
ellow, 16 
Fibula, 326 
articulations of, 328 


surgical anatomy of, 852 
Fission of cells, 5 
Fissura palpebrarum, 978 
prima, 112, 819 
secunda, 112 
serotina, 819 
vestibuli, 994 
Fissure antitragohelicina, 981 
auricular, 195 
of ductus venosus, 1096 : 
for gall-bladder, 1097 
Glaserian, 191, 984 
of liver, 1096 
longitudinal, 1096 | 
transverse, 1097 | 
of lung, 1024 : 
portal, 1097 
pterygo-maxillary, 239 
spheno-maxillary, 239 
sphenoidal, 201 
of spinal cord, 765 | 
umbilical, 1096 
for vena cava, 1097 
Fissures of cerebrum, 810 
calcarine, 816 
callosal, 818 
calloso-marginal, 811 
collateral, 311 
congenital, in cranium, 207 
dentate, 818 
gopek longitudinal, 809 
ippocampa!, 818 
arieto-occipital, 811 
post-limbic, 816 
Rolando, 811, 839 
Sylvius, 811, 838 
transverse, 831 
of cerebellum, 788 
horizontal, 788. 
post-centra], 789 
post-clival, 789 
post-nodular, 791 
post-pyramidal, 791 
precentral, 789 
preclival, 789 
pre-pyramidal, 791 
of the cerebrum (embryonic), 


11S 
of the medulla, 776 
of the spinal cord, 765 
Flat bones, 159 


attachment of muscles to,} Flechsig, oval area of, 773 


328 
development of, 328 
fracture of, with dislocation 
of the foot, 577 
surface form of, 328 
aier region, muscles of, 
505 
Fifth nerve, 857 
surface marking of, 869 
surgical anatomy of, 869 
ventricle of brain, 829 


Filiform papillæ of the tongue, 


945 

Fillet, 780, 801 
lateral, 801 
mesial, 801 


Filtration area of eyeball, 974 | 


Flexor accessorius muscle, 570 
brevis digitorum, 569 
hallucis, 571 
minimi digiti, (foot) 571, 
(hand) 531 
ae f: 30 
carpi radialis, 516 
n 516 
digitorum profundus, 518 
sublimis, 517 
longus digitorum, 563 
hallucis, 563 
pollicis, 519 


Flexures of embryonic brain, | 


cephalic, 110 
nuchal, 110 
pontine, 110 





lum terminale of cord, 764,| Floating ribs, 257 
: Flocculus, 791 
824 | Flood’s ligaments, 379 


Fluids, nutritive, 5 

Foetus, circulation in, 594 
Eustachian valve in, 594 
foramen ovale in, 127, 594 
liver of, distribution of its 

vessels, 594 

vascular system in, pecu- 
— liarities, 593 


Fold of Douglas, 487, 490 
Folds, aryteno-epiglottidean, 


1009 

genital, external, 154 
inner, 156 

recto-uterine, I152 

recto-vesical, 1125 

utero-vesical, 1151 


- Folium cacuminis, 789 


Follicle of hair, 67 
simple, of intestine, 1079 
Follicles, Graafian, 1158 
Fontana, spaces of, 958 
Fontanelles, 206 
Foot, arteries of, 710, 715 
bones of, 331 
development of, 342 
dorsum, fascia of, 567 
muscles of, 567 
ligaments of, 416 
sole of, fascia of, 567 
muscles of, 568 
nerves of, 927 
surface form of, 343 
surgical anatomy, 344 
veins of, 738 
Foramen cæcum of frontal 
bone, 189, 231 
of medulla oblongata, 776 
of tongue, 942 
of Vicq d’Azyr, 776 
carotid, 195 
condyloid, 182, 184 
dental inferior, 224 
ethmoidal, 231 
of Huschke, 198 
infra-orbital, 209 
intervertebral, 161 
jugular, 234 
lacerum anterius, 233 
medium, 233 
posterius, 234 
magnum, 182 
of Majendie, 798, 849 
mastoid, 193 
mental, 223 
of Monro, 806, 829 
development of, 113 
obturator, 306 
optic, 202, 233 | 
ovale of heart, 127, 593 
of sphenoid, 200, 233 
palatine, anterior, 212, 234 
posterior, 218, 234 
parietal, 186 
pterygo-palatine, 200 
quadratum of diaphragm, 
480 
rotundum, 200, 233 
sacro-sciatic, 304, 372 
of Scarpa, 213, 234 
singulare, 195, LOO! 
of Sémmerring, 964 
spheno-palatine, 220, 240 
spinosum, 201, 233 


INDEX 


Foramen of Stenson, 213, 234 | Fossa subarcuata, 198 


sternal, 255 
stylo-mastoid, 195 
supra-orbital, 188 
thyroid, 306 
Vesalii, 200, 233 
of Winslow, 139, 1060 
Foramina of diaphragm, 480 
of Key and Retzius, 798, 
849 
malar, 215 
nervosa, 998 
olfactory, 204 
sacral, 172 
Thebesii, 585, 746 
Forceps major, 822 
minor, 822 
Forearm, arteries of, 661 
bones of, 281 
fascia of, 515 
lymphatics of, 754 
muscles of, 515 
nerves of, 904 
veins of, 730 
Fore-brain, 112, 803 
Fore-gut, 37 
development of, 135 
Form of bones, 159 
Formatio reticularis alba, 784 
of cord, 766 
grisea, 784 
of medulla, 783 
Formative yolk, 74 
Fornix, 828 
conjunctivee, 977 
pillars of, 828 
Fossa acetabuli, 306 
of antihelix, 980 
canine, 209 
cochlearis, 991 


of helix, 980 
iliac, 302 
incisive, 209, 223 


supra-spinous, 


inguinalis lateralis, 1180 
mesialis, 1180 
ischio-rectal, 1195 
in 195 
achrymal, 189 
myrtiform, 209 
navicularis of urethra, 1130 
of vulva, 1148 
occipital, 183 
olfactory, of fœtus, 106 
ovalis, 585 
ovarii, 1157 
palatine, anterior, 212 
aravesical, 1123 
patellaris, 970 
pituitary, 199 
pterygoid, of lower jaw, 225 
of sphenoid, 202 
of Rosenmüller, 1049 
scapha, 980 
scaphoid, 202 
sigmoidea, 193 
of skull, anterior, 231 
middle, 232 
posterior, 233 
spheno-maxillary, 239 


| 


| 
| 
| 


sublingual, 224 
submaxillary, 224 
subscapular, 267 
supra-tonsillaris, 1050 
supravesicalis, 1180 
temporal, 237 
triangularis, 980 
trochanteric, 315 
vesicalis, 1097 
zygomatic, 238 


| Fosse, nasal, 242, 950 


of skull, 231 


Fourchette, 1148 
i Fourth nerve, 851 


surgical anatomy of, 851 
ventricle, 797 


: Fovea centralis retinz, 969 


? 
s 
i 


inferior of fourth ventricle, 


_ 799 

inguinalis lateralis, 1180 
mesialis, 1180 

superior of fourth ventricle, 


799 — 
supravesicalis, 1180 


Fracture of acromial end of 


clavicle, 537 
of acromion process, 537 
of centre of clavicle, 537 
of coracoid process, 537 
of femur above condyles, 576 
below trochanters, 576 
of fibula, with dislocation of 
tibia, 577 
of humerus, shaft of, 538 
non-union of, 279 
surgical neck, 537 
of neck of femur, 575 
of olecranon process, 538 
of patella, 576 
Pott’s, 577 
of radius, 539 
lower end of, 539 
shaft of, 539 
and ulna, 539 
of tibia, shaft of, 576 
of ulna, shaft of, 539 
Fræna of ileo-caxcal 
1183 
Frenulum of cerebellum, 789 
Frænum clitoridis, 1148 
labii superioris et inferioris, 
1031 
linguæ, 942 
præputii, 1135 
Fretum Halleri, 125 
Frontal artery, 631 
bone, 187 
articulations of, 190 
attachment of muscles to, 


valve, 


190 
development of, 190 
structure of, 190 
convolutions, 812 
crest, 189 
eminence, 187 
fissures, surface form of, 
840 
lobe, 811 
nerve, 858 
operculum, 817 
process of malar, 215 
sinuses, 187 
suture, 187, 228 
vein, 718 
Frontalis muscle, 428 
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Fronto-malar suture, 229 
Fronto-nasal process, 106 
Fronto-parietal operculum, 817 
Fundus tympani, 984 

of uterus, 1150 
Fungiform papille of tongue, 


Funioulus cuneatus, 777 
gracilis, 777 
of nerve, 44 
of Rolando, 778 
solitarius, 784 
Furcalis, nervus, 914 
Furcula, 104 
Furrow, iliac, 312 
sternal, 261 
Furrowed band of cerebellum, 
792 


Galactophorous ducts, 1160 
Galen, veins of, 726, 831 
Gall-bladder, 1102 
development of, 143 
fissure for, 1097 
structure of, 1102 
surface form, 1103 
valve of, 1103 
GANGLION OR GANGLIA, 
General Anatomy of, 50 
of Andersch, 880 
|! gortic-renal, 788, 938 
Arnold’s, 867 
of Bochdalek, 862 
cardiac, 938 
carotid, 932 
cephalic, 860 
of cerebellum, 796 
cervical, inferior, 936 
middle, 934 
superior, 932 
ciliary, 860 
on circumflex nerve, 900 
diaphragmatic, 940 
on facial nerve, 872 
of fifth nerve, 860 
Gasserian, 858 
geniculate, 872 
of glosso-pharyngeal, 880 
of habenula, 808 
impar, 931, 937 
inferius, 882 


| interpedunculare, 808 


jugular, 880 
lenticular, 860 
lumbar, 937 
Mecke!l’s, 863 
mesenteric, 940 
ophthalmic, 860 
otic, 867 
petrous, 880 
of pneumogastric, 882 
on posterior interosseous 

nerve, 
of root of vagus, 882 
sacral, 937 
of Scarpa, I00I 
semilunar, of abdomen, 938 

of fifth nerve, 860 
spheno-palatine, 863 
of spinal nerves, 890 
spirale, 100% 
submaxillary, 868 
suprarenal, 940 
of sympathetic nerve, 93! 
; thoracic, 936 

41% 
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GANGLION OR GANGLIA (cont.) 
of trunk of vagus, 882 
of Valentin, 862 
of Wrisberg, 938 
Ganglion nerve-cells, 51 
ridge or neural crest, 82 
Ganglionic branch of nasal, 
nerve, 859 
nerves, 44 
Gärtner, duct of, 150 
‘Gases of the blood, 9 | 
Gasserian ganglion, 858 
| 
f 





j 





depression for, 194 
Gastric arteries (vasa brevia), 


plexus, 940 
veins, 745 
Gastrocnemius muscle, 560 
Gastro-colic omentum, 1063 
Gastro-duodenal artery, 677 
plexus, 940 
Gastro-epiploic plexus, 940 
veins, 744 
Gastro-epiploica dextra artery, 
677 
sinistra, 678 
Gastro-hepatic omentum, 1062 | 
Gastro-splenic omentum, 1063, 
1167 | 
Gemellus inferior muscle, 555 
superior, 554 | 
Gemmation of cells, 5 | 
GENERATIVE ORGANS, develop- | 
ment of, 146 
female, 1147 
male, 1132 
Genial tubercles, 224 | 
Geniculate bodies, 808 | 
external, 808 
internal, 808 
fibres of crusta, 800 
of internal capsule, 827 
ganglion, 872 
Genio - hyo - glossus 
452 
Genio-hyoid muscle, 451 
Genital cord, 150 
corpuscles, 47 
eminence, 154 
folds, external, 154 
internal, 156 
groove, 156 
ridge, 152 
Genito-crural nerve, 916 
Gennari, band of, 835 
Genu of corpus callosum, 821 
of internal capsule, 827 
Germ, common dental, 1038 
special dental, 1038 
Germ-centres, 60 
Germinal epithelium, 152 
of Waldeyer, 1157 
spot, 73 
vesicle, 74 
Giacomini, band of, 818 
Giant cells, 24 
of Betz, 833 
Gianuzzi, crescents of, 1047 


muscle, 
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Ginglymus, 349 
Giraldés, organ of, 148, 1144 
Girdle, pelvic, 264 
shoulder, 264 
Glabella of frontal bone, 


240 
Gladiolus, 254 
GLAND oR GLANDS— 


arytenoid, 1012 

of Bartholin, 1149 
of biliary ducts, 1103 
of Bowman, 952 
Brunner’s, 1079 
buccal, 1032 
ceruminous, 983 
coccygeal, 683 
Cowper's, 1134, 1199 
development of, 122 
ductless, 1162 
duodenal, 1079 
epiglottic, 1012 
gastric, 1070 

of Havers, 347 
labial, 1031 
lachrymal, 977 

of larynx, 1012 
lingual, 946 

of Littré, 1130 

of Luschka, 683 
lymphatic, 58 
mammary, 1159 
Meibomian, 976 
molar, 1032 

of Moll, 975 


of Montgomery, 1159 


mucilaginons, 


odoriferæ Tysonii, 1125 


cesophageal, 1053 


of Pacchioni, 725, 850 


palatal, 1043, 1048 
parotid, 1044 
Peyer’s, 1079 
pharyngeal, 1051 
pineal, 806 
pituitary, 304 
prostate, 1132 


of Rosenmiller, accessory, 


978 
salivary, 1044 
sebaceous, 67 
secreting, 71 


racemose or saccular, 72 


simple, 71 
tubular, 71 
compound, 72 
convoluted, 71 
solitary, 1079 
spleen, 1166 
sublingual, 1046 
submaxillary, 1046 
sudoriferous, 68 
suprarenal, 1172 
thymus, 1165 
thyroid, 1162 
tracheal, 1015 
of Tyson, 1135 
uterine, 1153 
of vulva, 1149 


Glandule Pacchioni, 186, 725 
Tysonii odorifers, 1135 
Glandular epithelium, 11 


Gimbernat’s ligament, 486, | Glans clitoridis, 1148 


1189 


Gingival branches of dental! Glaserian fissure, 192, 984 
Gleno-humeral ligament, 379 


nerves, 862 


penis, 1135 


Glenoid cavity, 271 
fossa, 191 
ligament of Cruveilhier, 396, 
422 
of phalanges, 396 
of shoulder, 380 
Gliding movement, 351 
| Glisson’s capsule, 1062, 1098 
Globular processes of His, 106 
Globus major of epididymis, 
1140 
minor, 1140 
pallidus, 828 
Glosso-epiglottic 
942, 1007 
Glosso-pharyngeal nerve, 879 
Glottis respiratoria, 1009 
rima of, 1009 
vocalis, 1009 
Gluteal aponeurosis, 552 
artery, 693 
lymphatic glands, 756 
nerve, inferior, 924 
superior, 923 
region, lymphatics of, 756 
muscles of, 551 
ridge, 316 
veins, 740 
i Gluteus maximus muscle, 551 
| medius, 552 
minimus, 552 
| Goblet cells, 11 
' Golgi, cells of cerebellum, 796 
| organ of, 49 
Goll, tract of, 772 





ligaments, 


. m a 


t 


of Havers,; Gomphosis, 348 


Gowers, tract of, 771 
Graafian follicles, 1157 
membrana granulosa of, 
1158 
ovicapsule of, 1158 
structure of, 1158 
, Gracile funiculus, 777 
| nucleus, 778 
| Gracilis muscle, 548 
| Grande lobe limbique, 817 
Granary, tactile corpuscles of, 
47 
Granular layer of cortex of 
cerebellum, 796 
of dentine, 1037 
Granule cells, 15 
Great horizontal fissure, 788 
| longitudinal fissure, 809 
occipital nerve, 892 
| omentum, 1063 
sciatic nerve, 926 
surgical anatomy of, 930 
sinus of aorta, 599 
transverse fissure, 831 
| Greater wings of sphenoid, 200 
Grey matter of cerebellum, 


794 
of cerebral hemispheres, 


832 
of medulla oblongata, 780 
of spinal cord, 765 
nervous substance, 39 
nuclei of hemispheres, 825 
Grey or gelatinous nerve-fibres, 
43 
Groin, 1186 
cutaneous vessels and nerves 
of, 1186 
superficial fascia of, 1187 
surgical anatomy of, 1186 
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Groove, auriculo-ventricular, ; Havers, glands of, 347 
584 Haversian canals of bone, 26 
bicipital, 275 systems of bone, 25 





cavernous, 199 
infra-orbital, 210 | 
lachrymal, 210 | 
mvlo-hyoid, 224 | 
occipital, 193 
optic, 198 
subclavian, 259 

Grooves, interventricular, 584 
in the radius, 286 
Ground bundle, antero-lateral, 


Head, lymphatics of, 749 
muscles of, 427 
of scapula, 271 
veins of, 718 

Head-cap of spermatozoon, 76 

, Head-kidney, 148 

HEART, 583 


59I 
arteries of, 592, 599 
circular fibres of, 591 
component parts of, 584 
development of, 125 





772 
Growth of bone, 32 
Gubernaculum dentis, 1042 


testis, 153 | endocardium, 590 
Gums, 1032 | fibres of the auricles, SQI 
Gustatory hair, 945 | of the ventricles, 591 

nerve, 867 fibrous rings of, 591 

pore, 945 infundibulum of, 586 
Gyri, or convolutions of brain,; left auricle, 583 

810 ventricle, 588 
breves, 817 looped fibres of auricles, 591 


of Heschl, 816 | 
Gyrus, first annectant, 815 l 
hippocampi, 818 
longus, 817 
marginal, 814 
rectus, 814 
subcallosus, 822 


lymphatics of, 592, 762 
muscular fibres of, 591 
structure of, 38 
nerves of, 592, 884, 938 
position of, 583 | 
right auricle, 584 
| ventricle, 586 | 
septum ventriculorum, 590 | 
| size and weight, 583 
spiral fibres of, 592 
structure of, 591 : 
subdivision into cavities, | 
583 | 
surface marking of, 592 | 
i 





Hæmatoidin crystals, 9 
Hæmin crystals, 9 
Hæmoglobin, 6 
crystals, 9 
Hzmorrhoidal artery, inferior, 
veins of, 592 
vortex of, 592 
Heidenhain, demilunes of, 1047 . 
| Helicine arteries, 11 36 
' Helicis major muscle, 982 
minor, 982 


690 
middle, 687 
superior, 680 
nerve, inferior, 924 i 
plexus of nerves, 941 | 
venous plexus, 740, 1090 i 
surgical anatomy of, 740 ; Helicotrema of cochlea, 993 | 
Hair cells of internal ear, | Helix, 980 | 
| 


inner, 995 | fossa of, 980 
outer, 1000 muscles of, 982 
Hairs, 66 spine of, 981 
cuticle, 67 Hemiazygos vein, 736 
follicles, 66 accessory, 730 
shaft, 67 Hemispheres of brain, 809 


development of, 114 
Hallucis magna artery, 712 Henle, ligament of, 486 

Ham, region of the, 705 looped tubes of, mas. 
Hamstring tendons, surgical Henly’s layer of hair follicle, 67 


structure of, 66 


anatomy of, 558 Hensen, canalis reuniens of, 
Hamular process of humerus, 1OOI 
276n lines of, 35 





of lachrymal, 215 supporting cells of, 1000 
of sphenoid, 202 : Hensen’s stripe, 1000 
Hamulus, 994 | Hepatic artery, 676, 1100 





Hand, arteries of, 669 | cells, 1099 
bones of, 290 cylinders, 143 
fascia of, 525 duct, 1102 
ligaments of, 392 plexus, 940 
muscles of, 525 veins, 743, 1100 


| Herbst, corpuscles of, 48 
| Heenta, congenital, 1182 
direct inguinal, 1184 
encysted, 1182 
femoral, coverings of, 1193 
descent of, 1192 
dissection of, 1186 
' of funicular process, 1182 
{ infantile, 1182 


nerves of, from median, 904 
from radial, 907 
from ulnar, 905 
surface form of, 299, 536 
veins of, 730 
Hard palate, 1043 
Harmonia, 348 
Harrison’s sulcus, 203 
Hasner, valve of, 978 
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HERNIA, inguinal, 1181 
dissection of, 1175 
oblique inguinal, 1181 
scrotal, 1182 
Heschl, gyri of, 816 
Hesselbach, ligament of, 486, 


490 
triangle of, 1180, 1184 
Hiatus Fallopii, 194 
semilunaris, 950 


annular fibres of auricles,' Highmore, antrum of, 210 


Hilus of kidney, 1111 
of spleen, 1167 
Hind-brain, 110, 775 
Hind-gut, 87 
development of, 141 
Hinge-)j oint, 349 
Hip-joint, 397 
muscles in relation with, 399 
surface form of, 401 
surgical anatomy of, 401 
Hippocampal convolution, 818 
fissure, 818 
Hippocampus major, 824 
minor, 816 
Horizontal cells of retina, 966 
fissure, great, 788 
plate of ethmoid, 204 
of palate, 218 
Horner’s muscle, 431 
Houston’s valves of rectum, 
1088 
Howship’s lacune, 24 
Huguier, canal of, 192, 985 
Humerus, 273 
anatomical neck, fracture of, 
279 
articulations of, 278 
attachment of muscles to, 
278 
development of, 277 
head of, 273 
neck of, 275 
nutrient artery of, 661 
shaft, fracture of, 538 
surface form of, 278 
surgical anatomy of, 279 
neck, fracture of, 537 
tuberosities of greater, 275 
of lesser, 275 
Humours of the eye, 970 
Hunter’s canal, 696 
Huschke, foramen of, 198 
Huxley’s layer of hair follicle, 67 
er cartilage, 20 
ce 


Hyaloid membrane of eye, 970 

Hyalopiasm, 2 

Hydatid of Morgagni, 148, 
1140, 1156 

Hymen, 1149 

Hyo-epiglottic ligament, 1007 

Hyo-glossal membrane, 942, 


Hyo-glossus muscle, 453 
Hyoid arch (fœtal), 102 
bone, 227 
attachment of muscles to, 
228 
cornus of, 227 
development of, 228 
region, muscles of infra, 448 
supra-, 450 
Hyparterial bronchus, 1014, 


1025 l 
| Hypochondriac regions, 1050 
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Hypochordal bar, 96 
Hypogastric arteries in fœtus, 
594, 685 f 
how obliterated, 596 
plexus, 941 
region, 1057 
zone, 1056 
Hypoglossal nerve, 886 
surgical anatomy of, 889 
nucleus, 781 
Hypophysis cerebri, 804 
development of, 105 


Tieo-ceecal fossa, 1065 
valve, 1083 
Heo-colie artery, 679 
fossa, 1065 
Ileum, 1075 
Iliac arteries, common, 683 
peculiarities, 684 
surface marking of, 684 
surgical anatomy of, 685 
external, 693 
surface marking of, 694 
surgical anatomy of, 694 
internal, 685 
at birth, 686 
peculiarity in the fœtus, 
686 
surgical anatomy of, 687 
colon, 1086 
fascia, 541 
fossa, 302 
furrow, 312 
lymphatic glands, 756 
portion of fascia lata, 545 
region, muscles of, 541 
veins, common, 741 
peculiarities of, 74I 
external, 740 
internal, 740 
Tiiacus muscle, 542 
Ilio-coccygeus muscle, 495 
Hio-costalis muscle, 472 
Llio-femoral ligament, 398 
Tlio-hypogastric nerve, 916 
Hhio-inguinal nerve, 916 
{lio-lumbar artery, 692 
ligament, 369 : 
vein, 741 
Tlio-pectineal eminence, 303 
ligament, 541 
llio-pelvic colon, 1058, 1086 
Llio-sacralis muscle, 496 
Thio-tibial band, 544, 546 
Niio-trochanteric ligament, 398 
Ilium, 302 
erest of, 302 
dorsum of, 302 
spines of, 303 
tubercular point of, 312 
venter of, 302 
Impressio colica, 1095 
duodenalis, 1096 
renalis, 1095 
suprarenalis, 1096 
Incisive bone, 213 
fossa, 209, 223 
Incisor crest, 213 


teeth, 1033 


; 


Incisura cardiaca, 1024 
cerebelli anterior or semi- 
lunaris, 788 
posterior or marsupialis, 
788 


INDEX 


Incisura intertragica, 980 
Rivini, 984, 989 
Santorini, 983 
tentorii, 846 
Incremental lines of dentine, 
1037 
Tncus, 988 
development of, 121 
ligament of, 989 
superior, 989 
Infantile hernia, 1182 
Inferior dental artery, 621 
canal, 224 
external frontal artery, 633 
internal frontal artery, 633 
maxillary bone, 222 
changes produced by age 
im, 225 
meatus of nose, 245 
occipital fossa, 183 


posterior lobe of cerebellum, | 


792 
profunda artery, 664 
turbinated bones, 220 
articulations of, 221 
development of, 221 
ethmoidal process of, 221 
lachrymal process 
220 
maxillary process of, 221 
vena cava, 741 
development of, 133 
Infra-axillary region, 262 
Infraclavicular region, 262 
: Infracostal line, 1056 
| museles, 478 
Infraglenoid tubercle, 270 
Infrahyvid artery, 611 
Inframammary region, 262 








| facial, 876 


Infra-orbital artery, 622 
branches of facial, 876 
canal, 210 
foramen, 209 
groove, 210 
plexus of nerves, 363 

' Infraspinatus muscle, 510 

Infraspinous fascia, 510 

fossa, 268 
, Infrasternal noteh, 262 
| Infratrochlear nerve, 860 
Infravomerine centre, 214 
Infundibula of kidney, 1112 
' Infundibuliform fascia, 492 

Infundibulum of brain, 804 
of ethmoid, 206 
of heart, 586 
of nasal fosse, 950 

Ingrassias, processes of, 201 

Inguinal canal, 1178 
glands, deep, 756 

superficial, 755, 1175 
i hernia, 1175 
dissection of, 1175 
| region, 1057 
' Inion, 246 
Inlet of pelvis, 309 
Innominate artery, 603 
peculiarities of, 603 
surgical anatomy of, 604 
bone, 300 
articulations of, 307 
attachment of muscles to, 
307 l 
development of, 306 





Inframandibular nerves from! 


-Innoniinate veins, 733 
peculiarities of, 733 
| Inorganic constituents. of bone, 
2 


Insertion of muscles, 425 
Inspiration, muscles of, 482 
Interalveolar cell-islets, 1109 
Interarticular chondro-sternal 

ligaments, 367 

fibro-cartilage, 22 
of acromio-clavicular joint, 
376 

of jaw, 301 

of knee, 405 

of racdio-ulnar joint, 389 

of sterno-clavicular joint, 


374 

ligament of ribs, 364 
Inter-brain, 803 
Intercavernous sinus, anterior 

and posterior, 728 
Intercellular biliary passages, 

IIOI 
| Interchondral ligaments, 368 
| Interclavicular ligament, 375 
 Intercolumnar fascia, 485, 1176 
| fibres, 485 | 


of, | Intercondyloid notch, 317 


Intercostal arteries, 672 
anterior, 650 
superior, 651 
fascia, 477 
lymphatic glands, 761 
lymphatics, 761 
muscles, 477 
nerves, 910 
spaces, 257 
|! Veins, superior, 734 
| Intercosto - humeral nerves, 
904, 912 
i Interglobular spaces, 1037 
. Interlobular arteries of kidney, 
ILty 
; biliary plexus, 1101 
| Intermaxillary bone, 213 
suture, 240 
; Intermediate cell-mass, 84 
' Internal abdominal ring, 1179 
: annular ligament, 567 
' capsule, 827 
| carotid artery, 625 
| Cutaneous nerve, 902 
inguinal hernia, 1181 
mammary artery, 649 
| vein, 734 
| maxillary artery, 619 
| branches of, 620 
| medullary lamina, 807 
oblique muscle, 486 
| occipital crest, 183 
pterygoid plate, 202 
secretion, 72 
sphincter, 494 
Internasal suture, 240 
| Internodal segment of nerves, 
42 


Internodia, or phalanges, 298 
Interossei muscles, dorsal, 
of foat, 572 
of hand, 533 
palmar, 534 
plantar, 572 
Interosseous artery of foot, 
712 
of forearm, 667 
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recurrent, 667 
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majora, 1147 


Interosseous membrane of fore- Iter chordæ posterius, 984 :ı Labbé, posterior anastomotio 
o am 388 | Ivory of tvoth, 1036 vein of, 579- 
of leg, 412 Labia cerebri, 820 
nerve, anterior, vog 


posterior, QOS | 
veins of forearm, 7 32 


803 
Intersegmental neurones, 767 
Intersigmoid fossa, 1005 
Interspinales muscles, 474 
Interspinous ligaments, 355 
Intertransversales muscles, 
474 | 
laterales, 474 ' 
mediales, 4.75 | 
Intertransverse ligaments, 355 
Intertrochanteric line, anterior, 
315 
posterior, 315 
Intertubercular plane, 1056 


Intertubular stroma of kidney, | 


1118 
Intervertebral foramina, 161 
notches, 161 
substance, 353 
Intestine, development of, 135 | 
large, 1082 
coats of, 1088 
lymphatics of, 760 
small, 1072 
coats of, 1076 | 
surface marking, 1090 | 
surgical anatomy of, 1090 
Intracartilaginous ossification, 





29 
Intra - epithelial plexus of 
cornea, 958 
Intragracile fissure, 792 | 
aa el process, 182 | 
Intralobular veins, 1100 | 
Intramembranous ossification, | 
29 i 
Intranuclear network, 2 
Intraparietal sulcus, 814 
surface marking of, 841 
Intrathyroid cartilage, 1005 
Intrinsic muscles of tongue, | 
454 
Involuntary muscle, 37 
Tris, 961 
Irregular bones, 160 
Ischiatic lymphatic 
756 
Ischio-capsular ligament, 398 
Ischio-rectal fascia, 1202 
fossa, 1195 
position of vessels and 
nerves in, 1195 
region, surgical anatomy of,. 
1197 
Ischium, 304 : 








glands, : 


Y 


body of, 394 

ramus of, 305 

spine of, 304 

tuberosity of, 304 
Island of Reil, 817 
Isthmus, aortic, GOO 

of auditory canal, 983 

of the fauces, 1043 

faucium, 1031 

of thyroid gland, 1162 

rhombencephali, 110 i 
Iter a tertio ad quartum ven- 

triculum, 803 
chordæ anterius, 985 


| Jacob's mombrane, 968 
Interpeduncular space of brain, Jacobson, cartilage of, 950 


Jaw, lower, 222 


Krause, end bulbs of, 46 





nerve of, 880, 999 
canal for, 195 
organ of, 107, 950 | 


articulations of, 225 
attachment of muscles to, , 
225 | 
changes produced in, by. 
age, 225 | 
condyle of, 225 | 
development of, 225 | 
ligaments of, 360 | 
oblique line of, 223 
pterygoid fossa of, 225 
rami of, 224 l 
sigmoid notch of, 225 | 
symphysis of, 222 
_ Upper, see Maxillary Bone 
Jejunuim, 1075 | 
Jelly of Wharton, 17, 96 | 


4 


j 


Joint. See Articulations 
Jugular foramen, 237 
fossa, 195 : 
ganglion, 880 | 
process, 182 | 
vein, anterior, 72! | 
external, 721 
surgical anatomy of, 721 | 
posterior external, 721 
internal, 721 | 
surgical anatomy of, 722 
sinus or bulb of, 721 
surface, 195 


| 
j 
! 


minora, 1143 
pudendi, lymphatics of, 758 


Labial artery, 614 


glands, 1031 
veins, inferior, 719 
superior, 719 


| Labio-dental strand, 1038 
| Labium tympanicum, 998 


vestibulare, 998 


| Labyrinth, 99: 


arteries of, 1001 
fibro-serous membrane of, 
1000 


Lachrymal apparatus, 977 


development of, 120 

artery, 629 

bone, 214 
articulations of, 215 
attachment of muscle to, 

215 

development of, 215 

canals, 978 

caruncula, 978 

crest, 215 

fossa, 189 

gland, 977 

groove, 212 

nerve, 858 

notch, 210 

papilla, 978 

process of inferior turbinated 
bone, 220 

puncta, 978 

sao, 978 

tubercle, 212 


| Lacteals; 10, 747, 700, 1078 


Lactiferous ducts, 1100 
Lacuna magna, 1130 


Karyokinesis, 3 

Karyomitosis, 3 | 

Keratin, 63 

Kerkring, valves of, 

Koy and Retzius, 
798, 849 

Kidney, 1110 
calices of, 1112 
cortical substance of, 1112 | 
development of, 146 : 
ducts of, 1120 | 
hilus of, 1111 
infundibula of, 1112 | 
lymphatics of, 759, 1118 
Malpighian bodies of, 1113 | 
medullary substance, 1112 | 
nerves of, 1118 
papillæ of, 1112 
pelvis of, I112 
pyramids of Ferrein, 1114 | 
renal artery, 681, 1116 : 
sinus of, 1112 
surface marking of, 1118 
surgical anatomy of, 1119 | 
tubuli uriniferi, 1114 j 
veins of, 743, 1118 
weight and dimensions of, | 


1076 


1110 


| Knee-joit, 402 


surface form of, 409 
surgical anatomy of, 410 


membrane of, 35 
ventricle of, 766 


Lacuna of bone, 27 


Howship’s, 24 
laterales, 550 


i Lacus lacrimalis, 975 
foramina of, ` Lagena, 1001 

Lambda, 231 

1 Lambdoid suture, 229 

| Lamella of bone, artioular, 


34 
of ethmoid, horizontal, 204 
perpendicular, 205 


' Lamellæ of bone, 27 


circurmferential, 26 
interstitial, 20 
primary, 20 | 
secondary, 20 


Larmcilar cells, 14 
| Lamina basatis, 960 


chorio-capillaris, 959 
cornea of corpus striatum, 828 
of cornea, elastic, 958 
cribrosa, 194 

of sclerotic, 955 
dorsal or alar, 108 
fusca, 955 
spiralis ossoa of cochlea, 993 
suprachoroidea, 959 
terminalis, 113, 806 
vasculosa, 959 
ventral or basal, 108 
of the vertebræ, 101 


i 
Lamin (fœtal), 82 

. Langhans, layer of, 860 

' Lantermann, segments of, 43 


1224 


Lanugo (foetal hairs), 123 
Large intestine, 1082 
areolar coat, 1088 
cæcun, 1082 
colon, 1084 
ileo-cæcal valve, 1083 
mucous coat, 1088 
muscular coat, 1088 
rectum, 1086 
serous coat, 1088 


Laryngeal artery, inferior, 647 | 


superior, O11 

nerve, external, 884 
internal, 884 
recurrent, 884 
superior, 884 
from sympathetic, 934 


INDEX 


| Leg, nerves of, 927 
| veins of, 738 
Lens, 971 
changes produced in, by age, 
972 
development of, 118 
suspensory ligament of, 971 
vascular capsule of, 120 
| vesicle, 118 
Lenticular ganglion, 860 
glands of stomach, 107! 
| nucleus, 826 
Lesser Jachrymal bone, 215 
omentum, 1062 
wings of sphenoid, 201 
Leucocytes, 6 
development of, 8, 123 


nerves, surgical anatomy of, | Levator anguli oris, 436 


885 
pouch, 1010 
veins, 721 
Laryngotomy, 1017 
Laryngo-tracheotomy, 1017 
Larynx, 1004 
actions of muscles of, 1012 
arteries of, 1013 
cartilages of, 1004 
cavity of, 1008 
glands of, 1012 
interior of, 1008 
ligaments of, 1007 
lymphatics of, 1013 


mucous membrane of, 1012 


muscles of, IO10 

nerves of, 1013 

rima glottidis, 1009 

superior aperture of, 1008 

surface form of, 1016 

surgical anatomy of, 1016 

veins of, 1013 

ventricle of, 1010 

vestibule of, 1008 

vocal cords of, false, 1009 
true, 1010 


Lateral area of medulla ob-. 


longata, 777 
basis bundle, 772 
horn of spinal cord, 766 
nerve-cells in, 768 
ligaments of liver, 1098 
limiting zone, 772 
longitudinal striz, 822 
masses of ethmoid, 205 
mesoderm, 84 
nasal processes, 106 
patellar ligaments, 403 


recesses of fourth ventricle, 


797 

region of skull, 237 

sensory fasciculus, 772 

sinus of brain, 726 

ventricles of brain, 823 
Lateralis nasi artery, 615 
Latissimus dorsi muscle, 467 
Layer of Langhans, 80 


Layers of cerebral cortex, 833 


Lecithin, 6 
Leg, arteries of, 696 
bones of, 321 
fascia of, 558 
deep transverse, 562 
ligaments of, 411 
lymphatics of, 755 
muscles of, 558 
back of, 560 
front of, 558 


scapula, 468 
ani, 494 
glandule thyroideæ, 1163 
labii inferioris, 437 
| superioris, 436 
aleeque nasi, 435 
menti, 437 
palati, 458 
palpebra, 432 
prostatz, 495 | 
Levatores costarum, 478 
Lieberkiihn, crypts of, 1079 
Lieno-renal ligament, 1064, 
1167 
LigaMENT— 
acromio-clavicular, inferior, 
376 
superior, 376 
alar of knee, 406 
of ankle, anterior, 413 
lateral, 413 
annular, of ankle, 413 
external, 414 
internal, 413 
of stapes, 989 . 
of wrist, anterior, 390 | 
| 








. +e mum è 


a 


| 
| posterior, 391 
| anterior, of knee, 403 
| arcuate, 479 

aryteno-epiglottic, 1007 





astragalo-fibular, anterior, 
414. | 
posterior, 414 
astragalo-navicular, 417 
astragalo-tibial, anterior, 413 | 
deep, 413 
posterior, 413 
atlanto-axial, anterior, 356 
posterior, 356 
of bladder, false, 1125 
true, 1125 
calcaneo-astragaloid, 
terior, 417 
external, 417 
interosseous, 417 
osterior, 417 , 
calcaneo-cuboid, interna], : 
418 
long, 418 
short, 418 l 


| 
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superior, 418 | 
calcanco-fibular, 414 
calcaneo-navicular, inferior, i 
419 | 
superior, 418 
calcaneo-tibial, 413 
capsular,see Individual Joints 


| 


LIGAMENT (cont.) 


carpo-metacarpal, dorsal, 


ae 
interosseous, 394 
palmar, 394 
of carpus, 392 
central, of spinal cord, 851 
check, 359 
chondro-sternal, anterior, 
367, 
posterior, 367 
common vertebral, anterior, 
352 
posterior, 353 
conoid, 377 
of Cooper, 486 
coraco-acromial, 378 
coraco-clavicular, 376 
coraco-humeral, 379 
coronary, of liver, 1098 
costo-clavicular, 375 
costo-transverse, 365 
costo-vertebral, or stellate, 
363 
cotyloid, 399 
crico-arytenoid, 1008 
crico-thyroid, 1008 
crucial, of knee, 405 
cruciform, 357 
deltoid, 413 
dorsal, see Individual Joints 
of elbow, 383 
anterior, 383 
external lateral, 385 
internal lateral, 384 
posterior, 384 
falciform, of liver, 1098 
of pelvis, 371 
Flood’s, 379 
Gimbernat’s, 486, 1189 
glenoid, 380 
glosso-epiglottidean, 
1007 
of Henle, 486 
of Hesselbach, 486, 490 
of hip, 397 
hyo-epiglottic, 1007 
ilo-femoral, 398 
ilio-lumbar, 369 
ilio-pectineal, 541 
ilio-trochanteric, 398 
of incus, 989 
interarticular, of ribs, 364 
interchondral, 368 
interclavicular, 375 
interosseous, see Individual 
Joints 
interspinous, 355 
intertransverse, 355 
intervertebral, 353 
ischio-capsular, 398 
of jaw, 360 
of knee, 402 
of larynx, 1007 
lateral, see 
Jointe 
patellar, 403 
long plantar, 418 
lumbo-sacral, 369 
of malleus, 989 
metacarpal, 395 
metacarpo-phalangeal, 396 
metatarsal, 421 
metatarso-phalangeal, 422 
mucosum, of knee, 406 
nuchæ, 355 


942; 


Individual 


Lig aMENT (cont.) 
oblique, 388 
sacro-iliac, 371 
occipito-atlantal, anterior, 
358 
lateral, 353 
posterior, 358 
occipito-axial, 359 
odontoid, 359 
orbicular, 337 
of ossicula, 988 
of ovary, 1157 
palpebral or tarsal, 976 
of patella, 403 
of pelvis, 369 
of the phalanges, foot, 423 
hand, 397 
phrenico-pericardiac, 742 
phreno-colic, 1063 
of the pinna, 981 
plantar, 418 
posterior, of knee, or pos- 
ticum Winslowii, 404 
Poupart’s, 485, 1188 
pterygo-mandibular, 438 
pterygo-spinous, 283 
pubic, anterior, 373 
posterior, 373 
superior, 373 
pubo-femoral, 398 
pubo-prostatic, 1125 
radio-carpal, 390 
radio-ulnar joint, inferior, 388 
middle, 388 
superior, 387 
recto-uterine, 1152 
rhomboid, 375 
round, of hip, 397 
of liver, 1098 
of radius and ulna, 387 
of uterus, 1152 
gacro-coccygeal, anterior, 372 
posterior, 372 
gacro-iliac, anterior, 371 
oblique, 371 
posterior, 371 
sacro-sciatic, great, 371 
lesser, 372 
sacro-vertebral, 369 
of scapula, 378 
scapulo-clavicular, 376 
Schlemm’s, 379 
of shoulder, 379 
spheno-mandibular, 361 
spino-glenoid, 378 
Spring, 419 
stellate, 363 
sterno-clavicular, 
Ja 
posterior, 375 
sterno-pericardiac, 581 
of sternum, 369 
structure of, 346 
stylo-mandibular, 362 
subpubic, 373 
superior, of incus, 989 
of malleus, 989 
suprascapular, 378 
supraspinous, 354 
suspensory, of lens, 971 
of mamma, 502 
of penis, 1134 
sutural, 346 
tarsal, of eyelids, 431 
tarso-metatarsal, 420 
of tarsus, 410 


anterior, 
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pectinatum iridis, 958 
| 
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LigaMENT (cont). 
teres, of hip, 398 
of thumb, ie 
thyro-arytenoid, 

IOIO 
superior, 1009 
thyro-epiglottic, 1007 
thyro-hyoid, 1007 
tibio-fibular, 411 
tibio-navicular, 413 
tibio-tarsal, 412 
transverse, of atlas, 356 
of hip, 399 
humeral, 380 
of knee, 406 
of scapula, 378 
trapezoid, 376 
triangular, of urethra, 1198 
of tympanic bones, 988 
utero-sacral, 1152 
utero-vesical, 1151 
of uterus, 1151 
of vertebrae, 352 
vesico-uterine, 1151 
of Winslow, 404 
of Wrisberg, 406 
of wrist, anterior, 390 
lateral external, 390 
internal, 390 
posterior, 391 
of ZINN, 433 

Ligamenta alaria, 406 
brevia, 518 
longa, 519 
subflava, 354 
suspensoria of mamma, 502 


Ligamentous action of muscles, 


351 


| Ligamentum apicis dentis, 359 


arcuatum externum, 480 
internum, 479 
medium, 480 

arteriosum, 598 

denticulatum, 351 

Jambdoideum, 418 

latum pulmonis, 1021 

mucosum, 406 

nuche, 355 

patellze, 403 


posticum Winslowii, 404 
spirale, 998 

teres, 398 

uretericum, 1127 


inferior, 


I 


j 


Ligature of arteries, see each | 


Artery 
Ligulæ, 797 
Limbic lobe, 817 
Limbs, development of, 100 
Limbus laminæ spiralis, 998 
Limiting sulcus, 817 

zone, lateral, 772 
Linea alba, 491 


| aspera, 316 


ilio-pectinea, 302 
quadrata, 315 
splendens, 850 
suprema, 182 
' Lineæ semilunares, 491 
| transverse of abdomen, 491 
| Lines of Hensen, 35 
| of Schreger, 1037 
| Lingual artery, O11 
surgical anatomy of, 612 
| bone, 227 
lobule, 816 
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Lingual nerve, 867, 
strand, 1038 
tonsils, 943 
veins, 722 
Lingualis muscle, inferior, 455 
superior, 454 
transverse, 455 
vertical, 455 
Lingula, 789 
of inferior maxilla, 224 
of sphenoid, 199 
Lips, 1031 
arteries of, 614 
Liquor amnii, 89 
sanguinis, 8 
Lissauer, tract of, 772 
Lithotomy, parts avoided in 
operation of, 1200 
concerned in operation of, 
1200 
divided, 1200 
Littré, glands of, 1130 
LIVER, 1094 
changes of position in, 1104 
development of, 143 
distribution of vessels to, in 
foetus, 132, 594 
ducts of, 1102 
fibrous coat of, 1099 
fissures of, 1096 
hepatic artery, 676, 1100 
cells, 1099 
duct, 1102 | 
veins, 743, 1100 
ligaments of, 1098 
coronary, 1098 
falciform, 1098 
lateral, 1098 
round, 1098 
lobes of, 1097 
lobules of, 1099 
lymphatics of, 759 
nerves of, 940 
portal vein, 745 
situation, size, and weight, 
1094 
structure of, 1099 
surface marking of, 1103 
surfaces and borders, 1094 
surgical anatomy, 1104 
vessels of, 1100 
Lobe, central, 817 
cuneus, 816 
frontal, 811 
limbic, 817 
marginal, 814 
coal 816 
orbital, 813 
parietal, 814 
post-central, 817 
precentral, 817 
quadrate, 816 
temporal, 816 
Lobes of cerebellum, 787 
of cerebrum, 810 
of kidney, 1112 
of liver, 1097 
of lung, 1024 
of prostate, 1133 
of testis, 1142 
of thymus, 1165 
of thyroid, 1162 


| Lobule of the ear, 980 
` Lobules of kidney, 1112 


of liver; 1099 
of lung, 1026 
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Lobuli testes, 1142 

Lobus cacuminis, 790 
caudatus, 1098 
centralis, 789 
clivi, 789 
culminis, 789 
gracilis, 792 
noduli, 791 
pyramidis, 792 
quadratus, 1098 
Spigelii, 1098 
tuberis, 792 
uvulæ, 792 


433 
Locus cæruleus, 780, 799 
Long bones, 159 
saphenous nerve, 920 


Longissimus dorsi muscle, 4 


Longitudinal fasciculus, 
inferior, 832 
perpendicular, 832 
superior, 832 


Longitudinal fasciculus of cord, 


769 
posterior, 801 
fissure of brain, 809 
of liver, 1096 


ginus of brain, inferior, 726 


superior, 725 
surface form of, 838 
striæ, lateral, 822 
mesial, 822 
Longus colli muscle, 461 


Looped tubes of Henle, 1115 
Lower extremity, arteries of, 


bones of, 300 
fascia of, 540 
ligaments of, 397 
lymphatics of, 755 
muscles of, 540 
surface form of, 573 
nerves of, 914. 
veins of, 738 
visual centre, 809 
Lower, tubercle of, 580 
Ludovic, angle of, 261 
Lumbar arteries, 6082 
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| Lungs, development, 144 


| 
| 
f 
| 
: 


lobes and fissures of, 1024 

lobules of, 1026 

lymphatics of, 762, 1028. 

nerves of, 1028 

pulmonary artery, 1028 
veins, 1028 

root of, 1024 

structure of, 1026 

surface marking of, 1028 

surgical anatomy of, 1028 

weight, colour, &., 1020 


— Lunule of nails, 65 
Lockwood, superior tendon of, Luschka, foramina of, 798 


gland of, 683 


_ Luys, nucleus of, 809 
_ Lymph, 9 


72 | 


capillaries, 9 
path or sinus, 60 


| Lymphatic duct, right, 749 


' LYMPHATIC GLANDS, 


| 
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Anatomy of, 58 
Descriptive Anatomy -¢ 

anterior mediastinal, 761 

auricular, posterior, 750 

axillary, 753 

brachial, 753 

bronchial, 762 

buccal, 750 

cervical, deep, 751 
superficial, 751 

in front of elbow, 753 

gluteal, 756 

of head, 749 

iliac, external, 756 
internal, 757 

inguinal, deep, 756 
superficial, 755 

intercostal, 761 

internal mammary, 760 

ischiatic, 756 

of large intestine, 700 

of lower extremity, 755 

lumbar, 758 

of neck, 751 

occipital, 749 

parotid, 750 

of pelvis, 756 

popliteal, 756 
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LYMPHATICS (cont. ) 
of chest, 760 
of clitoris, 758 
of cranium, 751 
of diaphragm; 761 
of face, deep, 751 
superficial, 75! 
of Fallopian tubes, 759 
of gluteal region, 756 
of head, superficial, 751 
of heart, 762 
intercostal, 761 
internal mammary, 761 
of intestines, 760 
of kidneys, 759 
of labia, 758 
lacteals, 760 
of large intestine, 700 
of leg, 755 
of liver, 759 
of lower extremity, 755 
of lung, 762 
meningeal, 751 
of mouth, 751 
of neck, 752 
of nose, 751 
of nymphe, 758 
of œsophagus, 762 
of ovaries, 759 
of pancreas, 760 
of pelvis, 758 
of penis, 753 
of perinzum, 758 
of pharynx, 731 
of pinna, 750 
of prostate, 758 
of rectum, 760 
of scrotum, 758 
of small intestine, 760 
of spleen, 760 
of stomach, 759 
of testicle, 759 
of thorax, 760 
thymic, 762 
of upper extremity, 753 
deep, 754 
superficial, 753 
of uterus, 759 
of vagina, 759 





enlargement of spinal cord,| radial, 753 Lymphocyte, 7 





765 sacral, 757 Lymphoid connective tissue, 
fascia or aponeurosis, 540 of small intestines, 760 |. 
ganglia, 937 | of spleen, 760 ' Lyra of fornix, 829 
glands, 758 | of stomach, 759 
nerves, 913 | submaxillary, 75! 


i 
; McBurney’s spwt, 1090 
| Macula acustica sacculi, 994 


of thorax, 760 
tibial anterior, 756 


anterior divisions of, 913 
posterior divisions of, 913 ` 


roots of, 913 | ulnar, 753 utriculi, 994 
plexus of nerves, 914 | of upper extremity, 753 cribrosa media, 99I 
surgical anatomy of, 929 Lympnarios, General Anatomy lutea, 969 


regions, 1056 
vein, ascending, 734 
veins, 742 
vertebrae, 167 
development of, 171 
Lumbo-sacral ligament, 369 


of, 57 
origin of, 57 
subdivision into deep and 
superficial, 747 
terminations of, 58 
valves of, 57 





Magnum of carpus, 293 
Majendie, foramen of, 798, 
849 
Malar bone, 215 
articulations of, 217 
attachment of muscles to, 





I 
nerve, 914 Descriptive Anatomy . | 217 
Lumbricales muscles, foot, of abdomen, 756 | development of, 217 
of arm, 753 foramina of, 215 
hand, 533 of bladder, 758 , frontal process of, 215 
Lung-buds, 145 of bone, 25 | maxillary process of, 217 
Lungs, 1022 of broad ligaments, 759 | orbital process of, 215 


cardiac, 762 

cerebral, 751 : 

cervical, superticial, 
deep, 751 


air-cells of, 1027 

bronchial arteries, 1027 
veins, 1027 

capillaries of, 1027 


zygomatic process of, 217 
canals, 217 

contre, 213 
nerves, from facial, 875 


| 
| 
| 
570 | 
| 
i 


and 


Malar process of superior maxil-. 


lary, 212 
Male urethra, 1129 
Malleolar arteries, external and 
internal, 710 
folds, anterior and posterior, 


' Meatus acusticus internus, 194 


, Of nose, inferjo”, 245 l 


INDEX 


1227 

Maxillary vein, internal, 720 | Membrana granulosa of Graaf- 
ian follicle, 1158 

hyaloidea, 970 

limitans of retina, 964, 968 

nictitans, 977 

propria, 17 


auditorius externus, 192, 982 - 
internus, 194 | 


middle, 244 


superior, 244 
urinarius, female, 1149 
7 male, 1130 
' Meatuses of the nose, 244 
i Meckel’s cartilage, 102 
diverticulum, 83, 1075 
ganglion, 863 ! 
Median artery of forearm, 607 


987 
Malleolus, external, 327 
internal, 325 
Malleus, 988 
development of, 121 
superior ligament of, 989 
Malpighi, pyramids of, 1112 | 
Malpighian bodies of kidney, | 
1113 | 
| 
| 


of spinal cord, 645 
capsules, 1113 nerve, 904 
tufts, 1113 surgical anatomy of, 908 
bodies ot spleen, 1170 vein, 731 


Mamma, areola of, 1159 
lobules of, 1160 
nerves of, 1161 
nipple or manilla of, 1159 
vessels of, 1161 ‘subpleural plexus, 650 
Mammæ, development of, 123 | Mediastinum, anterior, 1021 
Mammary artery, internal, 649 | middle, 1021 
glands, 1159 : posterior, 1022 
lymphatic glands, 761 superior, 1021 
veins, internal, 734 tostis, 1141 
Mammilla of breast, 1159 Medio-tarsal joint, 415, 418 
Mammillary processes, 169 MEDULLA OBLONGATA, 775 
Mandible, 222. See Lower- arcuate fibres of, 782 
Jaw 3 areas of, 776 
Mandibular arch, 102 back of, 777 
Mantle layer, 108 fissures of, 776 
Manubrium of malleus, 988 formatio reticularis of, 783 
of sternum, 254 funiculus cuneatus of, 777 
Marginal artery, 600 gracilis of, 777 
gyrus, 814 of Rolando of, 778 
layor or veil, 108 furrows of, 776 
Marrow of bone, 23 i grey matter of, 780 
red, 23 Jateral area, 777 : 
yellow, 23 olivary body of, 777 l 
Marshall, vestigial fold of, 134, | pyramids oi, 776 
582 ; raphé of, 770 
Masseter muscle, 439 restiform bodies of, 778 — : 
Masseteric arteries, 621 structure of, 778 : 
. Medulla of hair, 67 | 
| 


' Mediastinal arteries, from in- 

| ternal mammary, 650 
posterior, from aorta, 672 | 

lymphatic glands, 701 ! 


i 


fascia, 439 
nerve, 866 Medullary arteries of brain, ©37 
veing, 720 artery of bone, 25 
Mastoid antrum, 193 canal of bone, 23, 159 

opening of, 985 formation of, 32 
cells, 193 centre of hemispheres of | 
foramen, 193 brain, 831 
portion of temporal bone, folds, 82 

i groove, 82 


193, 238 i l 
process, 193 of spine, development of, 
vein, 720 82 

Masto-occipital suture, 239 

Masto-parictal suture, 239 

Mat or tapetum, 823 

Maternal hlood-sinuses, 94 

Matrix of nail, 65 

Maturation of ovum, 75 

Maxillary artery, internal, 619 
bone, inferior, 222 

superior, 209 
development of, 213 
nerve, inferior, 865 
superior, 860 
process of inferior turbi-’ 
nated, 221 
of malar bone, 217 
processes (foetal), 106 
sinus, 210 
tuberosity, 210 
vein, anterior internal, 719 


lamina of embryo, 82 
external, 807 
internal, 807 

lamina, 826 

membrane of bone, 23 | 

portion of kidney, 1112 | 
of suprarenal capsules, 1174 | 
segments of nerves, 43 | 
sheath of nerve-fibres, 42 ) 
spaces of bone, 31 ! 
velum inferior of cerebellum, | 
794, 797 | 
superior, 794, 797 | 
Medullated nerve-fibres, 41 
| Meibomian glands, 976 | 
| Meissner’s plexus, 1082 
' tactile corpuscles, 47 
' Membrana basilaris, 997 
flaccida, 987 ! 


* 
i 


pupillaris, 120, 963 
sacciformis, 390, 395 
tectoria, 797 
of occipito-axoid articula- 
tion, 359 
tympani, 987 
secundaria, 985 


: Membrane of aqueous chamber, 


958 
arachnoid, 848 
of Bruch, 960 
of Corti, 1000 
costo-coracoid, 505 
crico-thyroid, 1008 
of Descemet, 953 
fenestrated, 52 
hyaloid, 970 
Jacob’s, 908 
Kölliker, 1000 


vr 


of Krause, 35 
iting, 964, 968 
pituitary, 951 
pupillary, 963 
of Reissner, 997 
Schneiderian, 951 
thyro-hyoid, 1007 
MEMBRANES OF SPINAL CORD 
AND BRAIN, 345 
of foetus, $8 
Membranous primordial cra- 
nium, 98 
canal of cochlea, 997 
labyrinth, 994 
portion of urethra, 1129 
semicircular canals, 995 
Meningeal artery, from ascend- 
ing pharyngeal, 618 






anterior, from internal 
carotid, 629 
middle, from internal 


maxillary, 620 
from occipital, 616 
posterior, from vertobral, 
645 . 
small, from internal maxil 
lary, 621 
layer of dura mater, 346 
lymphatics, 751 
veins, 846 
Meninges. See Membranes 
Menisci, 22 
Menisco-femoral joint, 409 
Menisco-tibial joint, 409 
Mental foramen, 223, 245 
process, 223 
tubercles, 223 
Mesencephalon, 112, 799 
Mesenteric artery, inferior, 680 
superior, 678 
glands, 760 
plexus of nerves, inferior, 
941 
superior, 940 
vein, inferior, 745 
superior, 744. 
Mesenterico-parietal fold, 1065 
Mesenteries, 1063 
development of, 139 
Mosial fillet of mid-brain, 
801 
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Mesial longitudinal striæ, 822 
process, 106 | 
Mesoblast, 81 
Mesoblastic somites, 84 | 
Mesocolon, 138 | 
ascending, 1063 
descending, 1063 
transverse, 1063 
Mesoderm, 86 
formation of, 81 
lateral, 34 
paraxial, 84 
Mesodermic somites, 84 
Mesogastrium, 138 | 
Meso-gnathion, 250 | 
Mesonephros, 147 
Mesorchium, 152 
Mesorectum, 138, 1086 


Moss-fibres, 796 
. Mother star, or monaster, 3 
' Motor, efferent,:or descending 


INDEX 


nerve-tracts, 842 
nerves, 45, 49 
oculi nerve, 854 
surgical anatomy of, 856 
tracts, 842 


Motorial end-plates, 50 
Mouth, 1030 


development of, 104 


muscles of, 437 
surface form of, 1048 


Movement admitted in joints, 


350 


| Mucigen, 11 
Mucilaginous glands, 347 


Mesosalpinx, 1152 Mucous glands of tongue, 
Mesosternum, 254 946 
Mesovarium, 152 membrane, 70 
Metacarpal artery, 664 tissue, 17 
articulations, 395 Mucus, 70 


Metacarpo-phalangeal articula- 
tions, 396 
Metacarpus, 295 
common characters of, 295 
development of, 298 
peculiar bones of, 295 
Metanephros, 150 
Metaphase of karyokinesis, 3 
Metasternum, 255 
Metatarsal artery, 711 
articulations, 421 
bones, 338 
Metatarso-phalangeal articula- 
tions, 422 
Metatarsus, 338 
development of, 342 
Metencephalon, 110 | 
Metopic suture, 228 
Microcytes, 5 
Micropyle, 75 
Mid-brain, 112, 799 
Mid-carpal joint, 393 
Mid-gut, 87 
development of, 135 
Middle clinoid processes, 199 
ear, or tympanum, 984 
ethmoidal cells, 206 
fossa of skull, 232 
frontal convolution, 813 | 
internal frontal artery, 633 | 
meatus of nasal fossæ, 244 
odontoid ligament, 359 
Milk teeth, 1035 | 
Mitral cells, 836 
valve, 589 
Mixed bones, 160 
Moderator band, 587 
Modiolus of cochlea, 993 
Molar glands, 1032 
teeth, 1035 
Molecular layer of cortex of 
cerebellum, 795 
of cerebrum, 833 
Moll, glands of, 975 
Monaster, or mother star, 3 
Monro, foramen of. 113, 806, 





829 
sulcus of, 113, 806 
Mons Veneris, 1147 
Montgomery, glands of, 1159 
Morgagni, hydatid of, 148 
sinus of, 457 | 
Morula, 78 | 


| 
mucous membrane of, 1031 | 
| 
| 
j 
| 


Miiller, fibres of, 986 
Miillerian ducts, 150 


eminence, 150 


Multicuspidati teeth, 1035 
Multifidus spinæ muscle, 474 
Muscuxn, General Anatomy o*,' 


33 
arrangement of fibres of, 33 | 
bipenniform, 424 : 
blood-vessels of, 37 i 
chemical composition of, 38 | 
columns, 35 | 
derivation of names, 425 | 
development of, 38, 123 | 
fasciculi of, 33 
fibres of, 33 
form of, 424 | 
fusiform, 424 
insertion of, 425 


involuntary, 37 


lymphatics of, 37 
meaning of the terms 
gin’ and ‘ insertion,’ 425 
mode of connection of, with 

bone, cartilage, skin, &c., 


¢ . 


AzA 
nerves of, 37, 49 
origin of, 425 
penniform, 424 
plates, 96 
quadrilateral, 424 
rhomboidal, 424 
sarcous elements of, 36 
sheath of, 33 
size of, 424 
skeletal, 33 
striped, 33 
structure of, 33 
tendons of, 425 
triangular, 424 
unstriped, 37 
voluntary, 33 


| 


Musos og Muscie, Deserip- | 
| 


tive Anatomy : 
of abdomen, 482 
abductor hallucis, 568 
indicis, 533 
minimi digiti, (foot) 569 
pollicis, 529 i 
accelerator urinæ, 497 
accessorius ad ilio-costalem, ` 


472 


: Muscizs on Muscr3 (cont.) 


accessorius pedis, 570 
adductor brevis, 550 
longus, 549 
magnus, 550 
obliquus hallucis, 571 
pollicis, 530 
transversus hallucis, 571 
pollicis, 530 
anconeus, 522 — 
antitragicus, 982 
aryteno-epiglottideus, 101! 
arytenoideus, IOII 
attollens auriculam, 430 
attrahens auriculam, 430 
azygos uvule, 459 
biceps (arm), 512 
(thigh), 556 
biventer cervicis, 473 
brachialis antious, 513 
brachio-radialis, 520 
buccinator, 438 
cervicalis ascendens, 472 
chondro-glossus, 453 
ciliary, of eye, 960 
circumflexus palati, 458 
coceygeus, 496 
complexus, 473 
compressor naris, 435 
narium minor, 435 
urethra, 500 
in female, 501 
constrictor isthmi faucium, 
459 
pharyngis inferior, 456 
medius, 456 
superior, 457 
coraco-brachialis, 512 
corrugator, of cranial region, 
427 
cutis ani, 494 
supercilil, 431 
cremaster, 487 
crico-arytenoideus lateralis, 
IO1I 
posticus, [O11 
crico-thyroid, 1010 
crureus, 547 
deltoid, 508 


depressor alz nasi, 435 


anguli oris, 437 
labii inferioris, 437 
diaphragm, 479 
digastric, 450 
dilatator naris, 
435. 
posterior, 435 
dilator tubæ, 987 
erector clitoridis, 501 
penis, 498 
spins, 470 
extensor brevis digitorum, 
567 
pollicis, 523 
carpi radialis brevior, 520 
longior, 520 
ulnaris, 522 
coccygis, 474 
communis digitorum, 521 
indicis, 524 
longus digitorum, 560 
pollicis, 524 
minimi digiti, 522 
ossis metacarpi pollicis,§23 
proprius hallucis, 559 
of external ear, 429 


anterior, 


MuscLES OR Muscis (cont.) 
external sphincter, 494 
of face, 426 
femoral region, anterior, 543 
internal, 548 
‘ posterior, 556 
fibular region, 565 
flexor accessorius, 570 
brevis digitorum, 569 
hallucis, 571 
minimi digiti, of foot, 


571 
of hand, 531 , 
pollicis, 530 
carpi radialis, 516 
ulnaris, 516 
digitorum sublimis, 517 
longus digitorum, 563 
hallucis, 563 
pollicis, 519 
profundus digitorum, 518 
frontalis, 428 
gastrocnemius, 560 
gemellus inferior, 555 
superior, 554 
genio-hyo-glossus, 452 
genio-hyoid, 451 
gluteus maximus, 551 
medius, 552 
minimus, 552 
gracilis, 548 
of hand, 525 
of head and face, 426 
helicis major, 982 
minor, 982 
Horner’s, 431 
hyo-giossus, 453 
iliac region, 54I 
iliacus, 542 
jlio-costalis, 472 
incisivus inferior, 438 
superior, 438 
infracostal, 4738 
infraspinatus, 510 
intercostal, 477 
internal sphincter, 494 
interossei, of foot, 572 
of hand, 533 
interspinales, 474 
intertransversales, 474 
labial, 436 
of larynx, 1010 
latissimus dorsi, 467 
of leg, 558 
levator anguli oris, 436 
scapulæ, 468 


ani, 494 
glandule thyroidex, 1163 
labii inferioris, 437 
superioris, 436 
alæque nasi, 435 
menti, 437 
palati, 458 
palpebræ, 432 
prostatæ, 495 
levatores costarum, 478 
lingualis, 454 
longissimus dorsi, 472 
longus colli, 461 
lumbricales, (foot) 570 
(hand) 533 
masseter, 439 
multifidus spinæ, 474 
musculus accessorius ad ilio- 
costalem, 472 
mylo-hyoid, 451 


MuscLES oR Muscrs (cont.) 


| 


| 
| 
| 
| 


| 
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_ MUSCLES on Muscus (cont.) 


naso-labialis, 438 semitendinosus, 557 


of neck, 44200 serratus magnus, 506 
obliquus abdominis externus, posticus, inferior, 469 
483 superior, 469 


internus, 486 
auricule, 982 


of sole of foot, 567 
capitis inferior, 475 | 
| 


first layer, 568 

fourth layer, 572 

second layer, 570 

third layer, 571 
soleus, 561 
sphincter ani, external, 494 

internal, 494 

vagina, 501 

vesics, 1126 
spinalis colli, 473 

dorsi, 472 
splenius, 470 

capitis, 470 

colli, 470 
stapedius, 989 
sterno-cleido-mastoid, 446 
sterno-hyoid, 448 
sterno-thyroid, 448 
stylo-glossus, 453 
stylo-hyoid, 450 
stylo-pharyngeus, 457 


superior, 475 
obturator externus, 555 
internus, 554 
occipitalis, 428 
occipito-frontalis, 427 
oculi, inferior, 434 
superior, 433 | 
omo-hyoid, 449 
opponens minimi digiti, 532 
pollicis, 529 
orbicularis oris, 437 | 
palpebrarum, 430 | 
of palate, 458 
palato-glossus, 459 
palato-pharyngeus, 459 
palmaris brevis, 53! 
Jongus, 516 
pectineus, 549 
pectoralis major, 503 





minor, 505 subanconeus, 514 
of perineum, female, 500 subclavius, 506 
male, 496 subcrureus, 548 
peroneus brevis, 565 subscapularis, 509 
supinator brevis, 522 
tertius, 560 longus, 520 


supraspinatus, 510 
temporal, 440 
tensor fasciæ femoris, 545 
palati, 458 
tarsi, 431 
tympani, 989 
teres major, 511 
minor, $11 


pharyngo-glossus, 454 

of pharynx, 456 

plantaris, 562 

platysma myoides, 443 

popliteus, 563 

pronator quadratus, 519 
radii teres, 515 

psoas magnus, 541 


parvus, 542 thyro-arytenoideus, 1011 
pterygoid, external, 441 thyro-hyoid, 448 

internal, 441 tibialis anticus, 559 
pyramidalis abdominis, 490 posticus, 564 

nasi, 435 of tongue, 452 


| 
longus, 565 
| 
| 


trachelo-mastoid, 472 
tragicus, 982 
transversalis abdominis, 488 


pyriformis, 553 
quadratus femoris, 555 
lumborum, 493 


menti, 437 cervicis, 472- 
quadriceps extensor cruris,| transversus auricule, 982 
546 perinzi, 497 


(female), 500 
profundus, 1207 
trapezius, 465 
triangularis sterni, 478 
triceps extensor cubiti, 514 
of tympanum, 989 
of ureters, 1126 
vastus externus, 547 
internus and crureus, 547 
zygomaticus major, 436 


recto-coccygeal, 912 
rectus abdominis, 488 
capitis anticus major, 460 
minor, 460 
lateralis, 461 
posticus major, 475 
minor, 475 
externus, superior, inferior, 
and internus of eyeball, 








433 ; 
retrahens auriculam, 430 minor, 436 
minor, 468 of inspiration and expiration, 
risorius, 438 482 


of pelvic outlet, 494 
of the ureters, 1126 
Muscular fibres of heart, 38 
process of arytenoid, 1006 
Muscularis mucoss, 71 
Musculi papillares, left ven- 
tricle, 590 
right ventricle, 587 
pectinati in left auricle, 588 
in right auricle, 585 


rotatores spinx, 474 
sacro-lumbalis, 472 
salpingo-pharyngeus, 459 
sartorius, 540 
scalenus anticus, 462 
medius, 463 
posticus, 463 
semimembranosus, 557 
semispinalis colli, 473 
dorsi, 473 


rhomboideus major, 468 Muscles of expression, 442 
| 
| 
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Musculi pubo-vesicalis, 1126 
Musculo-cutaneous nerve 
arm, GOI 
from peroneal, 929 
Musculo-pbrenie artery, 650 | 
Musculo-pubo-vesicalis, 1126 
Musculo-spiral groove, 275 
nerve, 906 
surgical anatomy of, 909 
Musculus accessorius ad ilio- 
costalem, 472 
incisivus inferior, 438 
superior, 438 
guspensorins duodeni, 1075 
Myelencephalon, 110 
Myelocytes, 24 
Myeloplaxes, 24 
Myelospongium, 108 
Mylo-hyoid artery, 621 
groove, 224 
muscle, 451 
nerve, 867 
ridge, 224 
Myocardium, 591 
Myocoel, 34 
Myotome, 96 
Myrtiform fossa, 209 





i 
Nails, 65 | 
lunula of, 65 
matrix of, 65 
Nares, anterior, 245, 950 | 
posterior, 245, 950 
septum of, 244, 950 
Nasal angle, 208 
artery, of internal maxil- 
Jary, 622 
of ophthalmic, 631 
of septum, 615, 622 
transverse, 032 
bones, 207 
articulations of, 208 
development of, 208 
cartilages, 948 
centre, 213 
erest, 208 
duct, 978 
eminence, 187 i 
fossa, 242, 950 | 
arteries of, 952 
mucons membrane of, 951 
nerves of, 953 
surgical anatomy of, 953 
veins of, 953 
ventricle of, 950 


oove, 208 
laminee (foetal), 106 
nerve, 859 > 


nerves from Meckel’s gan- 
glion, 865 
notch, 188 
process, 212 
(foetal), 106 
spine, 188 
anterior, 213, 240 
posterior, 218 
venous arch, 718 
Nasi, dorsalis, artery, 632 
Nasion, 188 
Nasmyth’s membrane, 1040 
Naso-labialis muscle, 438 | 
Naso-maxillary suture, 240 | 
Naso-palatine nerve, 865 
recess, 950 | 
Naso-pharynx, 1049 


_ Nates of brain, 802 
of | Navel or umbo, 987 
Navicular bone, 335 


Nélaton’s line, 312 
Nerve-cells of cerebral cortex, 


Nerve-cells or 


NERVES OR NERVR, 


INDEX 


articulations of, 336 — 

attachment of muscles to, 
336 

tuberosity of, 335 


Neck, glands of, 751 


lymphatics of, 752 

muscles of, 442 

triangle of, anterior, 623 
posterior, 624 

veins of, 721 


a 


833 


corpuscles, 39 


Nerve-epithelium cells, 49 
Nerve-fibres, 41 


medullated, 41 
non-medullated, 43 
of cerebral cortex, 834 


Nerve-roois, antorior, 773 


posterior, 773 


Í Nerve-tracts, 842 


motor, 842 
sensory, 842 
of cord, 769 


Nerves, General Anatomy of, 44 


cerebro-spinal, 44 
development of, 116 
endoneurium of, 44 
epineurium of, 44 
funiculi of, 44 
origin of, 46 
perineurium of, 44 
plexus of, 45 
sheath of, 44 
spinal roots of, 889 
sympathetic, 45 
termination of, 40 
vessels of, 45 | 
Descrip- : 
tive Anatomy of : | 
abducent, 870 
accessory obturator, 918 
acromial, 896 | 
anterior crural, 919 
auditory, 877 
auricular, posterior, 874 

of auriculo-temporal, 866 

of sécond cervical, 893 

of small occipital, 894 

of vagus, 883 
of brachial plexus, 897 
buccal, 866 

of facial, 876 
calcaneo-plantar, 927 
cardiac, inferior, 936 

middle, 934 

plexus, deep, 938 

superficial, 93% 

of pneumogastric, 884 

superior, 934 
carotico-tympanic, 932 
cavernous, of penis, 941 
cervical, anterior, 893 

posterior, 891 

superficial, 896 
cervico-facial, 876 
chorda tympani, 873, 990 
ciliary, long, 860 

short, 860 
circumflex, 900 
clavicular, 896 


| 


ganglion- 





: NERVES or NERVE (cont.) 


coccygeal, 921 
cochlear, 877, 1001 
communicantes hypoglossi, 
896 
peronei, 928 
of Cotunnius, 865 
cranial, 851 
crural, anterior, 919 
cutaneous, see that heading 
deep palmar, 906 
temporal, 866 
dental, 867 
anterior superior, 862 
middle superior, 862 
posterior inferior, 867 
superior, 862 
descondens hypoglossi, 889 
digastric, from facial, 874 
digital (foot), 928, 929 
dorsal (hand), 907 
of penis, 926 
spinal, 909 
of dura mater, 847 
eighth pair, 877 
eleventh pair, 886 
of eyeball, 852 
facial, 871 
fifth, 857 
fourth, 857 
frontal, 858 
ganglionic branch of nasal, 
859 
gastric branches of vagus, 
885 
genito-crural, 916 
glosso-pharyngeal, 879 
gluteal, inferior, 924 
superior, 923 
great auricular, 894 
occipital, 892 
petrosal, 864. 
sciatic, 926 
splanchnic, 936 
gustatory, 867 
hemorrhoidal, inferior, 924 
of heart, see Cardiac 
hepatic, 940 
hypoglossal, 886 
ilio-hypogastric, 916 
ilio-inguinal, 916 
incisive, 867 
inferior maxillary, 865 
inframandibular, of facial, 
876 
infraorbital, of facial, 876 
infratrochlear, 860 
intercostal, 910 
intercosto-humeral, 912 
interosseous, anterior, 904 
posterior, 908 
ischiadic, great, 926 
small, 924 
Jacobson’s, 880 
labial, 863 
of labyrinth, 1001 
lachrymal, 858 
large cavernous, 941 
laryngeal, external, 884 
internal, 884 
recurrent, 884 
superior, 884 
lesser splanchnic, 936 
lingual, of fifth, 867 
of glosso-pharyngeal, 880 
long buccal, 866 


NERVES on NERVE (cont.) 
long ciliary, 860 
saphenous, 920 
thoracic, 899 
lumbar, 913 
lumbo-sacral, 914 
malar branch of facial, 875 
of orbital, 862 
masseteric, 866 
maxillary, inferior, 865 
superior, 860 
median, 904 
mental, 867 
middle cardiac, 934 
motor, of eye, common, 854 
external, 870 


musculo-cutaneous, of arm, 


gol 

of leg, 929 
musculo-spiral, 900 
mylo-hyoid, 867 
nasal, ophthalmic, 859 


from Meckel’s ganglion, 


865 

from Vidian, 365 
naso-palatine, 865 
ninth, 879 
obturator, 918 
occipital, of facial, 374 

great, 892 

small, 894 

of third cervical, 893 
csophageal, 885 
olfactory, 852 
ophthalmic, 858 
optic, 852 


orbital, their relation, in) 
cavernous sinus, | 


870 
in orbit, 371 
in sphenoidal fis 
gure, 871 
of superior maxillary, 862 


palatine, anterior or large, 


865 
external, 865 
posterior or small, 865 


” 
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_ NERVES OR NERVE (cont.) 
| pudendal, inferior, 924 | 
pudic, 924 | 
pulmonary, from vagus, 835 ; 
radial, 907 
, rami communicantes, 931 
efferentes, 931 
recurrent laryngeal, 884 
to tentorium, 855 
respiratory, external, 899 
i internal, 896 
sacral, 920 
plexus, 922 
saphenous, long or internal, | 
| 920 
i short or external, 927 
sciatic, great, 926 
small, 924 
short ciliary, 860 
sixth, 870 
small cavernous, 941 
spinal, 889 | 
| accessory, 386 | 
|  gplanchnic, great, 936 
: small, 936 
| smallest, 930 
| sternal, 896 
| stylo-hyoid of facial, 875 
| 
| 
j 


i 


| 


i 


. — eee : 


to subclavius, 899 
suboccipital, 891 
subscapular, goo 
superficial cervical, 89 
superior cardiac, 934 
maxillary, 860 ! 
supramandibular of facial, | 
876 
supra-orbital, 859 
suprascapular, 899 
‘ gupratrochlear, 859 
| temporal, of auriculo-tem- 
poral, 866 
! 
j 


Ì 


deep, 860 

of facial, 875 

| middle deep, 866 
!  temporo-facial, 875 | 
` temporo-malar, 862 
l tenth, 880 


palmar cutaneous, of me- : 
dian, 904 
of ulnar, 905 
palpebral, 863 
pars intermedia, 872 
perforating cutaneous, 924 
perineal, 924 
branch of fourth sacral, 922 
superficial, 924 
peroneal, 928 
petrosal, deep, large, 864 


small, 990 
superficial, large, 864 
smali, 990 
pharyngeal, of external | 


laryngeal, 884 

of glosso-pharyngeal, 880 

of Meckel’s ganglion, 865 

of pneumogastric, 384 

of sympathetic, 934 
phrenic, 896 7 
plantar, cutaneous, 927 

external, 928 

internal, 927 
pneumogastric, 880 
popliteal, external, 928 

internal, 926 


posterior suricular, 874 


pterygoid, 866 


i Nervi-nervorum, 45 


third, or motor oculi, 854 
thoracic, posterior, 909 
anterior, 910 | 
thyro-hyoid, 889 | 
tibial, anterior, 928 | 
posterior, 927 | 
of tongue, 940 
tonsillar, 880 
transverse cervical, 896 | N 
trigeminus, 857 | 
trochlear, 857 
twelfth, 386 
tympanic, of facial, 873 | 
of glosso-pharyngeal, 880, | 
990 i 
ulnar, 905 | 
uterine, 941 
vaginal, 941 | 
vagus, 380 | 
vestibular, 877, TOOL 
Vidian, 864 
of Wrisberg, 902 


' Nervous system, development | N 
of, 107 
Nervous TISSUE, General 


Anatomy of, 38 
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i Nervous Tissue (cont) 


fibrous nervous matter, 41 

ganglia, 52 

gelatinous fibres, 43 

grey, 39 

sympathetic, 45 

white ov medullated fibres, 
åI 


: Nervus cardiacus magnus, 934 


minor, 936 
cutaneus patella, 920 
furcalis, 914 
jugularis, 934 
petrosus profundus, 864 
superficialis cordis, 934 


Nest of egg-tubes, 1155 
“Neumann, dentinal sheath of, 


037 
eural arch, 161 
canal, 82 
crest, 82 
groove, 82 
tube, 82 


| Nourenteric canal, 82 

| Neurilemma, 41, 43 
Neuroblasts, 43, 107 
Neuroglia, 39 


of cord, 766 


Neurokeratin, 42 
Neuromeres, spinal, 764 
Neuro-muscular spindles, 49 
Neurones, 703 
Neuro-tendinoas spindles, 48 
Nidus 


avis of cerebellum, 


792 


| Ninth nerve, 879 
. Nipple, 1159 

i NissI’s granules, 40 

: Nodes of Ranvier, 42 

. Nodule of cerebellum, 791 
i Non-medullated 


nerve-fibres, 


j 43 
| Normoblasts, 24 
' Nose, 948 


arteries of, 950 

bones of, 207 

cartilage of septum of, 949 

dovelopment of, 106 

fossæ of, 242, 950 

lateral cartilages of, 948 

mucous membrane of, 951 

muscles of, 435 

nerves of, 950 

surgical anatomy of, 953 

veins of, 950 

otch, cotyloid, 300 

ethmnoidal, 189 

intercondyloid, 317 

nasal, 188 

sacro-sciatic, great, 304 
lesser, 304 

sigmoid, 225 

spheno-palatine, 220 

supra-orbital, 185 

suprascapular, 270 

suprasternal, 463 


' Notochord, 83, 97 

Notochordal sheath, 83 l 
Nuchal flexure of embryonic 
= brain, 110 


UCK, canal of, 154, 1152, 1179 


| Nuclear membrane, 2 


substance, 2 


Nucieated sheath of Schwann, 


; 7 f t 
chemical composition of, | Nuclei, accessory auditory, 781 


43 
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Nuolei of auditory nerve, 787 | Obliquus capitis, inferior, 475 | Olfactory pits, 106 


of fifth nerve, 787 superior, 475 sulcus, 813 
of glosso-pharyngeal andj oculi, inferior, 434 tract, 818 
vagus nerves, 781 superior, 433 Olivary bodies of medulla 


olivary, 782 
of origin of motor nerves, 851 
pontis, 785 
of sensory nerves, 852 
of termination of sensory 
nerves, 852 
Nuclein, 2 
Nucleoli, 2 
pseudo-, 2 
true, 2 
Nucleo-proteid, 6 
Nucleus, accessory auditory, 
781 
ambiguus, 781 
amygdalx, 825 
amygdaloid, 827 
arcuate, 782 
of auditory nerve, 781, 787 
of Bechterew, 787 
caudatus, 825 
of a cell, 2 
central, 784 
of Deiters, 787 
emboliformis, 796 
of the facial nerve, 787 
fastigii, 796 
globosus, 796 
hypoglossal, 781 
inferior central, 784 
lateralis, 784 
lenticularis, 826 
lentis, 971 
of Luys, 809 
motor, 781 
olivary, 782 
of optic thalamus, anterior, 
807 
inner, 807 
outer, 807 
prepyramidal, 783 
red, 801 
resting, 3 
of Roller, 784 
roof, of Stilling, 796 
segmentation, first, 78 
of the sixth nerve, 787 
of the spinal accessory, 781 
superior olivary, 786 
of the tegmentum, 801 
of vagi, 781 
ventral or accessory, 787 
Nuel, space of, 1000 
Nutrient artery of bone, 25 
Nutritive fluids, 5 
Nymphaea, 1148 
lymphatics of, 758 


Obelion, 231 
Obex, 797 
Oblique inguinal hernia, 1181 
coverings of, 1182 
ligament, 388 
line of the clavicle, 265 
of the fibula, 327 
of lower jaw, 223 
of radius, 285 
ridge of ulna, 283 
Obliquus abdominis externus, 
483 
internus, 486 
auricule muscle, 982- 


Obturator artery, 688 


peculiarities of, 689 
relation of, to femoral 
ring, 1192 
externus muscle, 555 
fascia, 1202 
foramen, 306 
internus muscle, 554 
membrane, 554 
nerve, 918 
accessory, 918 
surgical anatomy of, 930 
veins, 740 


Occipital artery, 615 


bone, 181 
articulations of, 185 
attachment of muscles to, 
185 
development of, 184 
crests, 182, 183 
fissure, transverse, 815 
fossæ, 183 
groove, 193 
lobe, 816 
lymphatic glands, 749 
nerve, great, 892 
small, 894 
protuberances, 182, 183 
sinus, 727 
sulcus, lateral, 816 
transverse, 816 
triangle, 624 
vein, 720 
Occipitalis musole, 428 


oblongata, 777 


nucleus, dorsal accéssory, 782 


inferior, 782 
mesial accessory, 782 
superior, 786 


peduncle, 782 

process, 199 
Olive, peduncles of, 782 
Omenta, 1062 
Omental tuberosity of liver, 


1095 
of pancreas, 1106 


Omentum, gastro-colic, 1063 


gastro-hepatic, 1062 
gastro-splenic, 1063 
great, 1063 


lesser, 1062 
Omo-hyoid muscle, 449 
Omphalo-mesenteric duct, 87 
Opening of aorta in left ven- 


tricle, 589 

aortic, in diaphragm, 480 

caval, in diaphragm, 480 

of coronary sinus, 585 

of inferior cava, 585 

left auriculo-ventricular, 588 

cesophageal, in diaphragm, 
480 

of pulmonary artery, 586 
veins, 588 

right auriculo-ventricular, 
586 

saphenous, 545, 1187 

of superior cava, 585 


Occipito-atlantal articulation, | OPERATIONS :— 


358 
Occipito-axial articulation, 359 
Occipito-frontalis muscle, 427 
Occipito-temporal convolution, 
816 
sulcus, 816 
Occiput, arteries of, 615 
Oculo-motor sulcus, 799 
Oculo-nasal sulcus, 106 
Odontoblasts, 1035, 1041 
Odontoid ligaments, 359 
process of axis, 164 
tubercles for, 182 
(Esophageal arteries, 671 
branches of vagus nerve, 835 
glands, 1053 
opening in diaphragm, 480 
plexus, 885 
(Esophagus, 1051 
lymphatics of, 762 
structure of, 1052 
surgical anatomy of, 1053 
Olecranon fossa, 277 
process, 281 
fracture of, 538 
Olfactory areas, 106, 114 
bulb, 818, 836 
cells, 952 
fasciculus, 829 
foramina, 204 
hair, 952 
lobe, 818 
lobule, anterior, 818 
posterior, 819 
nerve, 852 
development of, 117 
surgical anatomy of, 853 


amputations of foot, 344 
of penis, 1137 
arteries, ligature of, 
dominal aorta, 674 
axillary, 655 
brachial, 659 
carotid, common, 608 
external, 610 
internal, 628 
femoral, 699 
iliac, common, 685 
external, 694 
internal, 687 
innominate, 604 
lingual, 612 
popliteal, 707 
radial, 663 
subclavian, 642 
thyroid, inferior, 647 
tibial, anterior, 710 
posterior, 713 
ulnar, 666 
catheterism of Eustachian 
tube, 1003 
cholecystenterostomy, I 105 
for cleft palate, 460 
colotomy, 1093 
division of nerves, facial, 876 
infra-orbital, 869 
lingual, 869 
sciatic, great, 930 
spinal accessory, 886 
supra-orbital, 869 
excision of ankle, 416 
of elbow, 387 
of hip, 402 
of knee, 411 


ab- 


OPERATIONS (cont.) 
excision of shoulder, 383 
extirpation of spleen, 1172 
of thyroid, 1164 
gastrostomy, 1071 
gastrotomy, 1071 


hamstring tendons, division | 


of, 558 
laryngotomy, 1017 
lithotomy, 1200 © 
nephrectomy and 

tomy, II20 
nephrorrhaphy, 1120 
cesophagotomy, 1053 


nephro- 


INDEX Pan 


Ovum, fertilisation of, 77 

germinal spot of, 73 
vesicle of, 74 

maturation of, 75 
segmentation of, 78 
structure of, 73 

yolk of, 73 

| of Rosenmiiller, 150, 1159 | zona pellucida of, 73 
Orifice, cardiac, of stomach, | Oxyntic cells, 1071 

| 1067 : glands, cardiac, 1070 


_ Orbitalis muscle, 434 
Orbito-nasal centre, 213 
Orbito-sphenoids, 202 
Organic constituent of bone, 28 
Organs of Giraldés, 148, 1144 
| of Golgi, 49 
of Jacobson, 950 | 


pyloric, of stomach, 1067 pyloric, 1070 
Origin of muscles, 425 
of nerves, 46 
Os acetabuli, 307 





Pacchionian depressions, 180 


paracentesis of pericardium, 
583 

pericardotomy, 583 

prostatectomy, 1134 

puncture of the bladder, 1128 

removal of the clavicle, 267 | 
of lower jaw, 252 
of scapula, 273 


calcis, 331 
development of, 342 

cordis, 591 

hyoides, 227 

innominatum, 300 
development of, 306 

| magnum of carpus, 292 : 

| orbiculare, 988 

| planum, 205 | 

| 








: 
| 


of testis, 1145 

of tongue, 455, 947 pubis, 305 

of upper jaw, 251 trigonum, 334 
for strabismus, 435 unguis, 214 
tapping chest, 263 uteri, 1151 


for torticollis, 448 

tracheotomy, 1017 | Ossa triquetra, 207 

venesection, 732  Ossicula auditus, 987 
Opercula of the insula, 817 ligaments of, 988 
Ophthalmic artery, 629 | Ossification of bone, 29 


internal, 1150 


ganglion, 860 | intracartilaginous, 29 
nerve, 858 _ intramembranous, 29 
vein, 728 | of spine, defects in, 179 
inferior, 728 | progress in, 171 
| 


Opisthion, 182 
Opponens minimi digiti muscle, 
in foot, 571 
in hand, 532 
pollicis muscle, 529 
Optic commissure, 808, 853 
cup, 117 
foramen, 202, 233 | 
groove, 198, 233 


subperiosteal, 32 i 
Osteoblasts, 23, 31 | 
Osteoclasts, 24, 31 i 
| Osteo-dentine, 1038 | 
| Osteogenetic fibres, 29 ! 
: Osteology, 159 
' Ostium abdominale of F allo- 

pian tube, 1156 
internum or uterinum, I152 . 


lobes, 802 | primum of head, 127 

nerve, 852 | secundum, 127 
surgical anatomy of, 853 Otic ganglion, 867 

recess, 806 | vesicle, 98, 120 


thalamus, 807 | Otoliths, 995° . . 

nuclei of, 807 ; Outlet of pelvis, 310 | 
radiation of, 807 . Oval area of Flechsig, 773 

anterior tubercle of, 807; bundle, 110 i 

posterior tubercle of, 807 | Ovarian arteries, 682 | 

| 

! 

| 

| 


stalks of, 117, 807 plexus of nerves, 940 


glands, 725, 850 


| Pacinian corpuscles, 47 
Palatal glands, 1043 


processes (foetal), 106 


Palate, arches of, 1043 


bone, 217 
articulations of, 200 
attachment of muscles to, 

200 

development of, 200 
horizontal plate of, 218 
orbital process of, 219 
sphenoidal process of, 219 
turbinated crest of, 218 
vertical plate of, 218 

development of, 104 

hard, 1043 

muscles of, 458 

process of superior maxil- 
lary, 212 

soft, 1043 


' Palatine aponeurosis, 459 


artery, ascending, 613 
descending or posterior, 
622 
canal, anterior, 212 
posterior, 210, 218 
accessory, 219 
centre of ossification, 213 
fossa, anterior, 212 
nerves, 865 
veins, inferior, 719 


' Palato-glossus muscle, 453, 459 
Palato-pharyngeus, 459 
Palmar arch, deep, 


3 
superficial, 669 
surface marking of, 669 
cutaneous nerves, 904, 905 
fascia, 527 
interossei arteries, 665 
nerve, deep, of ulnar, 


tract, 852 | veins, 743 superficial, 906 
vesicle, 117 | Ovary, 1157 veins, 730 — 
Ora serrata, 964 development of, 151 Palmaris brevis muscle, 531 
Oral cavity, 1030 fossa of, 1157 | longus muscle, 516 
plate, 31 Graafian follicles of, 1157, Palpebre, 975 | 
Orbicular bone, 988 ligament of, 1157 | Palpebral arteries, 631 
ligament, 387 lymphatics of, 759 l external, 629 
Orbicularis oris muscle, 437 nerves of, 1159 fissure, 975 


ovicapsule of, 1158 





Orbiculus ciliaris, 900 shape, position, and dimen- 
Orbit, 241 sions of, 1157 
arteries of, 629 


tunica albuginea of, 1157 


' vessels of, 1159 l 
| Ovicapsule of Graafian follicle, 


muscles of, 432 
relation of nerves in, 871 
Orbital convolutions, 813 


| 
| 
| 
| 
| 
palpebrarum, 430 | 
| 
i 
| 
| 


stroma of, 1157 


fascia. 1159 | 
nerve, dea | Oviducts, 1156 L 
operculum, 817 Ovula of Naboth, 1154 | 
process of malar, 215 Ovum, 1, 73 ! 
of palate, 219 coverings O1, 75 | 
sulcus, 813 | discharge of, 1158 | 


surface form of, 978 
folds of conjunctiva, 977 
ligaments, 976 
muscles, 430 
veins, inferior, 719 

superior, 718 


‘Pampiniform plexus of veins, 


742, 1139 


ancreas, 1105 


development of, 144 
lymphatics of, 760 
structure of, 1108 
surface marking of, 1109 


4 
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Pancreas, surgical anatomy, Pars orbitalis, 813 





1109 | triangularis, 813 
vessels and nerves of, 1109 | Patella, 321 
Pancreatic arteries, 678 articulations of, 321 
duct, 1107 attachment of muscles 
accessory, 1108 22 
plexus of nerves, 940 development of, 322 
veins, 745 fracture of, 576 
Pancreatica magna artery,! surface form of, 322 
678 ; _ surgical anatomy of, 322 


artery, | Patellar ligaments, 403 
Pavement epithelium, 11 
Pecquet, cistern of, 748 
Pectineus muscle, 549 


Pancreatico-duodenal 
inferior, 678 
superior, 677 

plexus of nerves, 940 


vein, 745 Pectiniforme septum, 1135 
Papilla lacrimalis, 978 | Pectoral region, dissection 
spiralis, < : 502 
Papillæ conice vel Gliformes,; Pectoralis major, 503 
945 minor, 505 


fungiformes (medi). 944 

of kidney, 1112 

maxims (circumvallate), 944 | 

of skin, 64 

of tongue, 944 

of tooth, 1039 | 

Papillary layer of skin, 64 i of the olive, 782 

Paracentral convolution, 814 | Pelvic colon, 1086 

Parachordal cartilages, 93 fascia, 1202 
t 
| 
| 
| 





128 
| Pedicles of a vertebra, 161 


of corpus callosum, 822 


portion of base of skull, 98 


Parallel striæ of Retzius, 1037 | 1202 
sulcus, 816 visceral layer, 1202 
Paramastoid process, 182 girdle, 264 


mesocolon, 1086 
plexuses, 941 

| Pelvis, 308, 1122 

' arteries of, 685 
articulations of, 369 
axes of, 311 
boundaries of, 308 
brim of, 309 
cavity of, 310 
diameters of, 310. 
false, 308 

in foetus, 312 

inlet of, 319 

of kidney, 1112 
ligaments of, 369 
lymphatics of, 756 


Paranucleus, 1109 
Paraplasm, 2 
Parathyroids, 1164 
Paravesical fossa, 1123 
Paraxial mesoderm, 84 | 
Paries carotica, 986 
jugularis, 984 
labyrinthica, 985 
mastoidea, 985 
tegmentalis, 984 | 
Parietal bones, 185 
articulations of, 187 
attachment of museles to, 
187 
development of, 187 
eminence, 185 | 
foramen, 186 
cells of gastric glands, 107) | 
convolutions, 815 
lobe, 814 
veins, 133 
Parieto-colic fold, 1065 
Parieto-occipital fissure, 811 
surface marking of, 840 
Paricto-temporal artery, 633 
Parodphoron of Waldeyer, 150, 


between, 311 
outlet of, 310 
position of, 308 


surface form of, 312 
surgical anatomy of, 312 
true, 308 

Penis, 1134 
arteries of, 1136 


1I59 body of, 1135 ` 

Parotid duct, 1045 corpora cavernosa, 1135 
fascia, 439, 445 corpus spongiosum, 1136 
gland, 1044 development of, 156 


accessory portion of, 1045 
lymphatic glands, 750 
nerves of, 1045 
vessels of, 1045 

Parovarium, 1159 

Pars basalis, 813 
ciliaris retinæ, 118, 969 
externa, interna et media, 

of auditory canal, 982 
intermedia, 871 | Pennitorm muscle, 424 
iridica retinæ, 118, 961 | 


dorsal artery of, 691 
veins of, 741 

lymphatics of, 758, 1137 

muscles of, 498 

nerves of, 1137 

prepuce of, 1135 


i 
| root of, 1134 


laryngea, 1050 
nasalis, 1049 
oralis, 1049 | 665 


posterior, 805 


Peculiar dorsal vertebra, 167 
Peculiarities of fatal heart, 


i. Peduncles of cerebellum, 792 


parietal or obturator layer, 


viscera at outlet of, 1199 


surgical anatomy of, 1137 
suspensory hgament, 1134 


Perforated space, anterior, 819 | 


| Perforating arteries, of band, 


| Perforating arteries from in- 
| ternal mammary artery, 
650 
from plantar, 716 
from profunda, 703 
cutaneous nerve, 924 
fibres of Sharpey, 27 
| Perforator of spermatozoon, 76 
Periceecal fossse, 1065 
Pericardiac arteries, 650, 671 
' Pericardial area, 81 
Pericardium, development of, 


to, 


134. 
diverticula of, 581 
fibrous layer of, 581 
nerves of, 582 
relations of, 580 
serous layer of, 531 
structure of, 580 
transverse sinus of, 582 
vessels of, 582 
vestigial fold of, 582 
| Perichondrium, 20, 30 
; Perichoroidal lymph space, 955 
' Perilymph, 1001 
Perimysium, 33 
Perinzum, abnormal course of 
arteries in, [201 
deep boundaries of, 1195 
in the female, 1201 
lymphatics oi, 756 
in the male, 1194 
muscles of, 496 
surgical anatomy of, 1200 
, Perineal artery, superficial, 690 
transverse, 690 
| body, 1088 
~ branch of fourth 
| nerve, 922 
| 


F 
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sacral 


ectopia, 1144 
fascia, deep, 498, 1198 
superficial, 496 
nerve, 924 
superficial, 924 
| Perineurium, 44 
| Periosteum, 23 
internal, 23 
| of teeth, 1032 





male and female, differences - Peripheral band, dorsal, 773 


end bulbs, 46 
organs, 50 
termination of nerves, 46 
_ Perisclerotic lymph space, 954 
Peritoneum, lesser sac of, 1061 
ligaments of, 1062 
mesenteries of, 1063 
omenta of, 1062 
reflections traced, 1058 
Perivascular lymphatics, 58, 
725 
Perivitelline fluid, 76 
Permanent cartilage, 20 
teeth, 1033 
Peroncal artery, 713 
anterior branches, 714 
peculiarities of, 714 
posterior branches, 714 
nerve, 928 
| tubercle, 332 
|_ veins, 739 
Peroneus brevis muscle, 565 
longus, 565 
tertius, 560 
Perpendicular line of ulna, 283 
plate of ethmoid, 204 
Pes anserinus, 872 





í 








Pes of crus cerebri, 800 
hippocampi, 824 

Petit, canal of, 971 
triangle of, 485 

Petro-mastoid portion of tem- 
poral bone, 193 
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Pinna of ear, 980 


ligaments of, 981 
muscles of, 981 
nerves of, 982 
vessels of, 982 


Pisiform bone, 292 
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| Plexus or Nerves (cont.) 


ileo-colic, 940 
infra-orbital, 863 
lumbar, 914 

| mesenteric, inferior, 941 
. superior, 940 


Petro-occipital suture, 229 
Petro-sphenoidal suture, 229 
Petro-squamous sinus, 727 


| Piso-metacarpal ligament, 392 | 
} Liso-uncinate ligament, 392 
Pit of the stomach, 262 


osophageal, 88 3 
ovarian, 940 
pancreatic, 940 


Petrosal nerve, deep, large, 364; Pituitary body, 804 





small, 990 
small superficial, 990 : 
superficial, from Vidian, 
864. 





process, 199 f 
sinus, inferior, 728 
superior, 728 
Petrous ganglion, 880 
portion of temporal bone, 194 | 
Peyer’s glands, 1079 
Phalanges of cochlea, 1000 
of foot, 341 
articulations of, 341 | 
development of, 343 
of hand, 298 
articulations of, 298 
development of, 299 
Pharyngeal aponeurosis, 1050 | 
artery, ascending, 617 


Sr. 





development of, 105 
fossa, 199 
membrane, 951 


Pivot-joint, 349 
Placenta, 94 


circulation through, 94 
cotyledons of, 95 
formation of, 94 
separation of, 95 


Placental circulation, 594 
Plain muscle, 37 
Plantar arch, 715 


artery, external, 715 
internal, 715 
fascia, 568 
ligaments, 418 
nerve, external, 923 
internal, 927 
veins, external, 739 


glands, 1051 l internal, 739 
nerve, from external laryn-' Plantaris muscle, 562 
eal, 884 | Plasma, 8 
from glosso-pharyngeal,|, cells, 15 
880 ' Plasmodioblast, 78 





from Meckel’s ganglion,365 | 
from sympathetic, 934 
from vagus, 884 
plexus of nerves, 884, 934 
septum, 104 
spine, 183 
tonsil, 1051 
vein, 722 , 
Pharyngo-glossus muscle, 454 
Pharynx, 1049 | 
aponeurosis of, 1050 
arteries of, 617 
development of, 101 | 
mucous membrane of, 1050 
muscles of, 456 
surgical anatomy of, 1051 
Philtrum, 281 l 
Phleboliths, 741 | 
Phrenic arteries, inferior, 682 
nerve, 896 
plexus of nerves, 939 
veins, 743 
Phrenico-costal sinus, 1020 
Phrenico-pericardiac ligaments, 


P 


8 E 





742 
Phreno-colic ligament, 1063 
Pia mater, 850 
Pigment, 19 
cells, 15 
of iris, 961 
of skin, 63 | aa 
Pigmentary layer of retina, 908 
Pigmented epithelial cells, 19 
Pillars of diaphragm, 480 
of external abdominal ring, 
485 : 
of fauces, 1043 | 
Pineal eye of lizards, 806 | 
gland, 806 | 
| 
| 


t 





development of, 114 
recess, 
striæ of, 806 


; Platelets of blood, 7 

|, Plates, tarsal, 975 

. Platysma myoides, 443 
leuræ, 1018 


cavity of, 1018 

cervical, 1018 

costalis, 1018 
diaphragmatic, 1018 
mediastinal, 1018 
pulmonalis, 1018 
reflections of, traced, 1019 
surgical anatomy of, 1021. 
vessels and nerves of, 1021 


PLEXUS OF NERVES, 45 


aortic, 940 
brachial, 897 
cardiac, ae 
superficial, 
carotid, 932 
external, 934 
cavernous, 932 
cervical, 894 
posterior, 893 
cooliac, 940 
of cornea, intra-epithelial, 


938 
938 


958 l 
sub-epithelial, 958 
coronary, anterior, 9 38 

posterior, 938 
cystic, 940 
diaphragmatic, 939 
epigastric or solar, 938 
of Exner, 834 
facial, 934 
gastric, 940 
gastro-duodenal, 940 
gastro-epiploic, 940 

left, 940 
hæmorrhoidal, inferior, 941 

superior, 941 
hepatic, 940 
hypogastric, 941 


| 
| pancreatico-duodenal, 940 
| patellw, 920 
pharyngeal, 884 934 
| phrenic, 939 
prostatic, 941 
pulmonary, anterior, 385 
posterior, 885 
pyloric, 940 
renal, 940 
; sacral, 922 
! sigmoid, 941 
solar, 938 
spermatic, 940 
| splenic, 940 
| gubsartorial, 919 
| superficial cardiac, 938 
suprarenal, 940 
| tonsillar, 880 
tympanic, 990 
uterine, 941 
vaginal, 941 
vertebral, 936 
vesical, 941 
Plica epigastrica, 1180 
fimbriata, 942 
gubernatrix, 153 
hypogastrica, 1179 
| salpiugo-palatina, 1049 
| salpingo-pharyngea, 1049 
semilunaris, 977 
triangularis, 1050 
i urachi, 1179 
| vascalaris, 153 
i Pneumogastric nerve, 880 
' Polar bodies, 75 
' Pole of eye, anterior, 955 
posterior, 955 
i Polymorphonuclear leucocytes, 
6 


Polyspermy, 78 
| Pomum Adami, 1004 
i Pons hepatis, 1096 
: Tarini, 805 
Varolii, 784 
development of, 112 
Ponticulus, 981 
Pontine flexure of embryonic 
: brain, 110 
Popliteal artery, 704 
branches of, 707 
peculiarities of, 700 
surface marking of, 706 
surgical anatomy of, 700 
lymphatic glands, 756 
norve, external, 928 
surgical anatomy of, 930 
internal, 926 
notch, 323 
space, 705 
surface of femur, 316 
vein, 740 
| Popliteus musele, 563 
Pores of the skin, 68 
Portal canals, 1098 
fissure, 1097 
vein, 745, 1098, L100 
development of, 132 
4K 2 
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Porus opticus, 964 
Post-allantoic gut, 143 
Post-central fissure, 788 
Post-central lobe, 817 
sulcus, 814 
surface marking of, 840 
Post-clival fissure, 788 
Post-glenoid process, 192 
Post-gracile fissure, 791 
Post-limbic fissure, 816 
Post-nodular fissure, 791 | 
Post-parietal convolution, 815 : 
Post-pyramidal fissure, 791 i 
Post-sphenoid part of sphenoid, 
203 
Post-vesicular column, 768 
Posterior basal column, 769 
choroid artery, 647 
clinoid process, 199 , 
commissure of brain, 803 | 
crescentic lobe, 789 | 
horn, nerve cells in, 708 | 
inferior lobe, 792 
internal froutal artery, 033 
nerve-roots, 773 
olfactory lobule, 819 
perforated space, 805 
superior lobe, 790 
vesicular column, 768 
Postero - lateral ganglionic 
arteries, 647 
Postero - median ganglionic 
arteries, 647 
Pott’s fracture, 577 
Pouch of Douglas, 1152 
of Prussak, 989 
of Rathke, 106 
Pouches, laryngeal, 1010 
Poupart’s liguincent, 485, 1188 
Preauricular point, 240 
Precentral convolution, 812 
tissure, 788 
lobe of island of Reil, 817 
sulcus, 812 
surface marking of, 840 
Prechordal portion of base of 
skull (foetal), 98 
Preclival fissure, 788 
Precuneus lobe of brain, 316 
Premaxillary centre, 214 
Pre-olivary sulcus, 770 
Prepatellar bursa, 548 
Prepuce, 1135 
of clitoris, 1148 
Prepyramidal fissure, 791 
nucleus, 783 
Presphenoid part of sphenoid, 
203 
Presternal notch, 261 , 
Presternum, 254 
Prevertebral fascia, 445 
Prickle cells, 13, 62 
Primary areolz of bone, 30 
cephalic flexure, 110 
cerebral vesivles, 109 
Primitive alimentary canal, 87 | 
amniotic cavity, 80 | 
aortæ, 123 
ectoderm, 78 
fibrille of Schultze, 42 
groove, 81 
jugular veins, 133 | 
ova, 152 i 
i 
| 


i 
i 
! 


sheath of nerve-fibre, 43 
sperm-cells, 153 
streak, 81 


INDEX 


' Primitive vertebral bow, 96 
| P 


rimordial cranium, 98 


ova, 1158 


' Princeps cervicis artery, 616 


pollicis artery, 664 


| Proamnion, 81 
PROCESSES OR PROCESS— 


acromion, 270 
alveolar, 212 
angular, external, 188 
internal, 188 
basilar, 182 
ciliary, 960 
clinoid, anterior, 202 
middle, 199 
posterior, 199 
cochleariform, 196, 986 
condyloid, of lower jaw, 225 
coracoid, 271 
coronoid, of lower jaw, 225 | 
of ulna, 281 
costal, 169 
ethmoidal, of inferior tur- ` 
binated, 221 
frontal, of malar, 215 
glubular, of His, 106 ) 
hamular, of lachrymal, 215 | 
of sphenoid, 202 
of Ingrassias, 201 | 
intrajugular, 182 | 
jugular, 182 
lachrymal, of inferior tur- 
binated bone, 220 
walar, 212 
mammillary, 169 
mastoid, 193 
maxillary, of inferior tur- 
binated, 221 
of malar bone, 217 
mental, 222 
pasal, 212 
odontoid, of axis, 164 2 
olecranon, 281 
olivary, 199 | 
orbital, of malar, 215 
of palate, 219 
palate, of superior maxillary, ' 
212 | 
post-glenvid, 192 
pterygoid, of palate bone, | 
| 
| 
j 


' 








P 219 

of sphenoid, 202 
sphenoidal, of palate, 219 
spinous, of ilium, 302 

of sphenoid, 201 

of tibia, 323 
styloid, of radius, 286 

of temporal, 197 

of ulna, 283 
unciform, 294 

of ethmoid, 205 
vaginal, of sphenoid, 200 

of temporal, 195 
zygomatic, 217 


' Processus brevis of malleus, 988 | 


cuchleariformis, 196, 986 


gracilis of malleus, 988 | 
l 


sphenoidalis, 949 


Proctodeum, 142 
| Profunda cervicis artery, 651 


femoris artery, 702 
vein, 740 
inferior artery of arm, 661 


superior, 660 
Proiection fibres of 
eres, 831 i 





i 


4 


hemis | 


Promontory of sacrum, 172 
of tympanum, 985 
Pronator quadratus muscle, 


519 
radii teres muscle, 515 
ridge, 283 
Pronephric duct, 148 
Pronephros, 148 


. Pronucleus, female, 76 


male, 78 
Prophase of karyokinesis, 3 
Prosencephalon, 109 


Prostate — 1132 


development of, 151 
levator muscle of, 495, 1133 
lobes of, 1133 
ly nphatics of, 758 
surgical anatomy of, 1134 
vessels and nerves of, 1134 

Prostatic plexus of nerves, 
941 

of veins, 741 
portion of urethra, 1129 
sinus, 1129 

Prothrombin, 8 
Protoplasin, 1 
Protoplasimic process of nerve- 
cells, 41 
Protovertebral somites, 84 
Protuberance, occipital, 
ternal, 182 
internal, 183 
Psalterium, 829 
Pseudo-nucleoli, 2 
Pseudopodium, 7 
Pseudostomata of serous mem- 
branes, 70 
Psoas magnus muscle, 541 
surgical anatomy of, 542 
parvus, 542 
Pterion, 201 
ossicle, 207 
Pterygoid arteries, 621 
fossa of lower jaw, 225 

of sphenvid, 202 
muscles, 440 
nerves, 866 
notch, 202 
plexus of veins, 720 
process of palate bone, 219 
processes of sphenvid, 202 
ridge, 201 
tubercle, 202 


ex- 


| Pterygo-mandibular ligament, 


438 
Pierygo-maxillary fissure, 239 
Pterygo-palatine artery, 622 
canal, 200 
Pterygo-sphenoid ligament, 288 
Pterygo-spinous ligament, 445 
Pubic arch, 310 
articulations of, 373 
portion of fascia lata, 545 
Pubis, os, 305 
angle of, 305 
crest of, 305 
spine of, 305 
symphysis of, 305, 373 


| Pubo-coccygeus muscle, 496 


Pubo-femoral ligament, 398 


' Pubo-prostatic ligaments, 1125, 


: 1133 
Pubo-rectalis muscle, 496 


Pudendum, 1147 
Pudic artery, accessory, 690 
deep external, 702 
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Pudic artery, internal, in male, Radio-carpal articulation, 390 . Recurrent artery, tibial, an- 


689 
peculiarities of, 690 
in female, 691 
superficial external, 701 | 
band of sacral plexus, 922 | 
nerve, 924 
vein, external, 738: | 
internal, 740 
Pulmonary artery, 597, 1027 | 


| 
tricle, 586 
capillaries, 1027 | 
nerves from vagur, 885 | 
ainuses, 588 
veins, 716, 717, 1027 | 
openings of, in left auricle, | 
588 | 
Pulp of spleen, 1168 | 
Pulp-cavity of teeth, 1035 
development of, 1041 | 
Pulvinar of optic thalamus, 807 | 
Puncta lacrimalia, 978 
vasculosa, 820 
Pupil of eye, 961 
Pupillary membrane, 120, 963 
Purkinje, axis-cylinder of, 41 


cells of, 796 i 


Putamen, 828 
Pyloric artery, 677 
glands, 1070 


plexus, 940 
| Ranvier, nodes of, 42 
' Raphé of medulla, 776 


Pylorus, 1067 
Pyramid of cerebellum, 792 
of thyroid gland, 1162 | 
of tympanum, 986 | 
Pyramidal cells of cerebral: 
cortex, 833 
eminence of pons, 784 
fibres of crusta, 800 
of internal capsule, 827 
tracts, 779 
Pyramidalis muscle, 490 ! 
nasi, 435 : 
Pyramids of Ferrein, 1114 
of Malpighi, 1112 : 
of medulla, 776 | 
decussation of, 776, 843 | 
 Pyriformis muscle, 553 


? 
j 


Quadrate lobe, 816 


Radio- 


surface form of, 391 
surgical anatomy of, 391 


ferior, 388 
middle, 388 
superior, 387 


ar articulations, in- ' 


terior, 710 
posterior, 710 
ulnar, anterior, 667 
posterior, 667 
laryngeal nerve, 884 
nerves to tentorium, 857 


region, anterior, muscles of, ; Red corpuscles, 5 


520 


nucleus, 801 


posterior, muscles of, 529 | REQION— 
opening of, in right ven-; Radius, 285 


articulations of, 286 
development of, 286 
fracture of, 533 

grooves in lower end of, 286 
muscles attached to, 286 
oblique line of, 285 
sigmoid cavity of, 286 
surface form of, 287 
surgical anatomy of, 287 
tuberosity of, 285 

and ulna, fracture of, 539 


| Rami communicantes, 931 


efferentes, 931 
of the lower jaw, 224 


. Ramus of ischinm, 305 


occipitalis, 815 

of os pubis, 305 
ascending, 305 
descending, 306 


. Ranine artery, 612 


vein, 719, 722 


of palate, 1043 

of perineum, 1196 
of scrotum, 1138 
of tongue, 942 


: Rathke, pouch of, 106 
Receptaculi arteriæ, 629 

` Receptaculum chyli, 749 
Recess, optic, 800 


pineal, 
of Tréltach, 990 


Recessus ellipticus, 991 


labyrinthi, 120 
pinealis, 806 
sphzricus, 991 
supra-pinealis, 806 


| Reciprocal reception, articu- 


lations by, 349 


' Rectal ampulla, 1086 
: Recto-coccygeal muscle, 1088 


Quadratus femoris muscle, 555: Recto-uterine folds, 1152 


lumborum, 493 
fascia covering, 493 i 
menti, 437 
tubercle of, 315 
Quadriceps extensor cruris i 
muacle, 546 | 
Quadrigeminal bodies, 801 i 


' Recto-vesical fascia, 1202 


pouch, 1059 


| Rectum, 1086 

development of, 14I 

folds of, 1088 

lymphatics of, 760 
relations of, 1086 
surgical anatomy of, 1092 


' Rectus abdominis, 488 


Racemose glands, 72 
Radial artery, 661 
branches of, 664 
peculiarities of, 665 
surface marking of, 665 | 
surgical anatomy of, 665 
fossa, 277 


capitis anticns major, 460 
minor, 460 
lateralis, 401 
posticus major, 475 
minor, 475 


femoris muscle, 546 


surgical anatomy of, 548 


| 


abdominal, muscles of, deep, 
493 
superficial, 482 
acromial, muscles of, 508 
auricular, 429 
back, muscles of, 464 
cervical superficial, muscles 
of, 443 
cranial, 427 
epigastric, 1056 
femoral, muscles of, 
terior, 543 
internal, 548 
posterior, 556 
fibular, 565 
foot, dorsum of, 567 
gole of, 567 
gluteal, muscles of, 551 
groin, 1186 
hand, muscles of, 525 
humeral, anterior, 511 
posterior, 514 
hypochondriac, 1056 
hypogastric, 1057 
iliac, muscles of, 541 
infrahyoid, 448 
inguinal, 1057, 1173 
intermaxillary, muscles of, 


an- 


437 
ischio-rectal, 494 
laryngo-tracheal, 
anatomy of, 1016 
lingual, muscles of, 452 
lumbar, 1056 
maxillary, muscles of, in- 
ferior, 437 
superior, 430 
nasal, muscles of, 435 
orbital, muscles of, 432 
palatal, musoles of, 458 
palmar, middle, 533 
palpebral, 430 
perineum, female, 500 
male, 496 
pharyngeal, muscles of, 456 
popliteal, 705 
pterygo-mandibular, muscles 
of, 440 
radial, muscles of, 520 
radio-ulnar, anterior, 515 
posterior, 521 
scapular, muscles of, an- 
terior, 509 
posterior, 509 
Scarpa’s triangle, 696 
suprahyoid, muscle: 


surgical 


of, 
50 
temporo-mandibular, mus- 
cles of, 439 
thoracic, 477 
anterior, 502 


internal, superior, inferior, 


— s3 and external of eyeball, 


nerve, 907 

recurrent artery, 664 

region, muscles of, 520 

vein, 731 
Radialis indicis artery, 665  ' 


lateral, 506 
tibio-fibular, anterior, 558 
posterior, 560 
667 ulnar, of hand, 531 
radial, 664 | umbilical, 1056 


433 
| Recurrent artery, interosseons, 
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REGION (cont.) Ridge, temporal, 186, 188, 237 Sacro-sciatic foramen, greater, 
vertebral, muscles of, an-| Rima glottidis, 1009 304, 372 
terior, 460 Ring, abdominal, external, 485, lesser, 304, 372 
lateral, 462 1176 notch, greater, 304 
Reatons of abdomen, 1056 internal, 1179 lesser, 304 
Reil, island of, 817 femoral or crural, 1191 Sacro-uterine ligaments, 1152 
Remak, fibres of, 43 fibrous, of heart, 591 Sacro-vertebral angle, 172 
Renal afferent vessels, 1113,| muscle of Müller, 961 Sacrum, 171 
1117 Risorius muscle, 438 ala of, 174 
artery, 681 Rivinus, ducts of, 1046 articulations of, 176 
inferior, 1116 incisura of, 984, 987 attachment of muscles to, 
efferent vessels, 1113, 1117 | Rod-bipolar cells, 966 | 176 
plexus, 940 Rod-granules of retina, 968 development of, 175 
veins, 743, 1118 Rods of Corti, 999 peculiarities of, 175 
Reservoir of Pecquet, 748 of retina, 968 structure of, 174 
RESPIRATION, muscles of, 482 | Rolando, fissure of, 811 Sacs, dental, 1040 
organs of, 1004 topography of, 839 | Saddle joint, 349 
Respiratory nerves of Bell, funiculus of, 778 Sagittal suture, 228 
external, 899 substantia gelatinosa of, 766 | Salivary glands, 1044 
internal, 896 tubercle of, 778 development of, 104 
organs, development of, 144 | Roller, nucleus of, 784 structure of, 1046 
Restiform bodies of medulla} Roof nuclei of Stilling, 796 Salpingo-pharyngeus muscle, 
oblongata, 778, 782 Root of lung, 1024 459 
Resting nuclei, 3 Rootlets of lymphatics, 57 | Salter, incremental lines of, 
Rete mucosum of skin, 62 Root-sheath of hair, 67 1037 
testis, 1143 Roots of spinal nerves, 773 Santorini, cartilages of, 1006 
Reticular lamina of Kolliker, of teeth, 1032 Saphenous nerve, long, or 
1000 of zygomatic process, IQI internal, 920 
layer of skin, 64 Rosenmiiller, accessory gland external, 927 
tissue, 17 of, 978 | opening, 545, 1187 
Reticularis alba, 784 fossa of, 1049 vein, external or short, 
grisea, 784 organ of, 150, 1159 | 738 
Retiform connective tissue, 17 | Rostrum of corpus callosum, Í internal or long, 738 
Retina, 964 821 surgical anatomy of, 738 
central artery of, 632, 970 of sphenoid bone, 200 Sarcolemma, 34 
fovea centralis of, 969 Rotation, 351 Sarcomere, 36 
layers of, 964 Rotatores spine muscles, 474 | Sarcoplasm, 35 
membrana limitans interna, ; Round ligaments of liver, 1098 | Sarcostyles, 35 
964 of uterus, 1152 Sarcous elements of muscle, 36 
externa, 968 relations of, to femoral; Sartorius muscle, 546 
structure of, 964 ring, IIQI i Scala media of cochlea, 997 
Retinacula of capsular liga-! Ruffini’s endings, 47 | tympani, 994 
ment of hip, 397 Ruge of stomach, 1069 | vestibuli, 994 
of ileo-czecal valve, 1083 of vagina, 1150 Scalæ of cochlea, 994 
Retrahens auriculam muscle, ! Rupture of urethra, course | Scalenus anticus, 462 
430 taken by urine in, 1196 | medius, 463 
Retro-peritoneal fosse, 1063 | Rust-coloured layer of cere-) posticus, 463 
Retro-pharyngeal space, 445 | bellar cortex, 796 ; Scalp, skin of, 427 





Retro-pubic pad, 1123 
Rhinencephalon, 114 | 
Rhodopsin, or visual purple, 
964 
Rhombencephalon, 110 


Scaphoid bone, (hand) 290, 
(foot) 335 

Sac, lachrymal, 978 fossa of sphenoid, 202 

Saccular secretory glands, 71 | Scapula, 267 


compound, 72 articulations of, 272 









Rhombic lip, 110 , Saccule of vestibule, 994 attachment of muscles to, 
Rhomboid impression, 266 ' Sacculus laryngis, 1010 292 
ligament, 375 . Sacral arteries, lateral, 692 development of, 271 


Rhomboideus major, 468 
minor, 468 

Ribs, 257 
angle of, 258 


canal, 174 | dorsum. of, 268 
cornua, 173 | glenoid cavity of, 271 
foramina, 172 | head of, 271 
ganglia, 937 | ligaments of, 378 

| 











articulations of, 363 ' groove, 173 muscles of, 509 
attachment of muscles to,; lymphatic glands, 757 spine of, 270 
260 nerves, 920 | gurface form of, 272 
development of, 97, 259 anterior divisions of, 921 surgical anatomy of, 273 
false, 257 | posterior divisions, 921 venter of, 267 
floating, 257 | roots of, 920 Scapular artery, posterior, 648 
head of, 258 nucleus of spinal cord, 769 notch, great, 270 
ligaments of, 363 | plexus, 922 region, muscles of, anterior, 
neck of, 258 vein, lateral, 741 509 
peculiar, 259 middle, 741 | posterior, 509 
true, 257 peculiarities of, 741 Scapulo-clavicular articulation, 
tubercle of, 258 | Sacra-media artery, 683 376 
Ridge, crucial occipital, 183 Sacro-coccygeal ligaments, 372 i Scarf-skin, 61 
mylo-hyoidean, 224 | Sacro-iliac articulation, 371 ' Scarpa, fascia of, 483 
pterygoid, 201 ligaments, 371 | foramina of, 213, 234 


superciliary, 187 | Sacro-lumbalis muscle, 472 | ganglion of, 1001 


Scarpa’s triangle, 696 

Schachowa, spiral tubes of, 
1115 

Schindylesis, 348 

Schlemm, canal of, 958 
ligament of, 379 

Schneiderian membrane, 951 

Schreger, lines of, 1037 

Schultze, primitive fibrillz of, 


42 
Schwann, nucleated sheath of, 
41 
white substance of, 41 
Sciatic artery, 691 
band of sacral plexus, 922 
nerve, great, 926 
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Septum intermedium, 127 


, lucidum, 829 


mobile nasi, 950 
of nose, 244 
artery of, 622 
cartilage of, 949 
orbitale, 976 
pectiniforme, 1135 


sceroti, 1138 
| Superius, 127 
| of tongue, 942 


| posticum, 849 


transversum, 135 
of semicircular canals, 995 
ventriculorum, 590 
: Serosa, or false amnion, 89 


surgical anatomy of, 930 | Serous glands of tongue, 946 


small, 924 

veins, 740 
Scleratogenous layer, 96 
Sclerotic, 955 
Sclerotome, 96 
Scrobiculus cordis, 262 
Scrotal hernia, 1182 
Scrotum, 1138 

dartos of, 1138 

development of, 156 

lymphatics of, 755 

nerves of, 1139 

septum of, 1138 

surgical anatomy of, 1140 

vessels of, 1139 
Sebaceous glands, 67 
Second nerve, 852 

surgical anatomy of, 853 

Secondary areola of bone, 31 
Secreting glands, 7! 
Secretion, internal, 72 
Segment, internodal, 42 

of Lantermann, 43 

medullary, 43 
Segmentation of cells, 5 

of ovum, 78 

nucleus, first, 78 
Segments, spinal, 764 
Sella turcica, 199, 233 
Semicircular canals, 992 
Semilunar bone, 291 

fascia, 513 

fibro-cartilages of knee, 405 

fold of Douglas, 487, 490 

ganglion of abdomen, 938 


lobe, inferior, of cerebellum, | 


792 
valves, aortic, 590 
pulmonary, 587 
Semimembranosus muscle, 557 
Seminal cells, 1142 
tubes, 1142 
vesicles, 1145 
Semispinalis muscle, 473 
Semitendinosus muscle, 557 
Senses, organs of the special, 
942 
Sensory, afferent, or ascending 
nerve-tracts, 343 
decussation, 843 
epithelium cells, 49 
fasciculus, lateral], 772 
nerves, 45 
tracts, 843 
Septum, aortic, 127 
auricularum, 588 
between bronchi, 1014 
crurale, 1192 
inferius, 127 


membranes, 69 
Serratus magnus, 506 
posticus inferior, 469 
superior, 469 
Serum, 9 
albumen, 8 
globulin, 8 
Sesamoid bones, 345 
cartilages, 949 
Seventh nerve, 871 
surgical anatomy of, 876 
| Shaft of a bone, its structure, 
159 
| of a hair, 67 
| Sheath of arteries, 53 
| femoral or crural, 1189 
of muscles, 33 
| of nerves, 44 
| of rectus muscle, 490 








Short bones, 159 
Shoulder, muscles of, 508 
girdle, 264 
joint, 379 
actions of, 381 
surface form of, 382 
surgical anatomy of, 382 
vessels and nerves of, 381 
| Sigmoid artery, 680 
cavity of radius, 286 
greater, of ulna, 281 
| 


i 


Shin, 324 


lesser, of ulna, 283 
flexure of colon, 1086 
mesocolon, 1063 
notch of lower jaw, 225 

Simple epithelium, 10 

Sinus, costo-mediastinal, 1020 
of external jugular vein, 721 
great, of aorta, 509 
intercavernous, 728 
of internal jugular vein, 721 
of kidney, 1112 
of Morgagni, 457 
petro-squamous, 727 
phrenico-costal, 1020 
pecularis, 150, 1129 
preecervicalis, 103 
prostaticus, 1129 
pyriformis, 1050 
reuniens of His, 125 
rhomboidalis, 82 
spheno-parietal, 727 
tarsi, 332 
transverse, of pericardium, 

582 
venosus, 125, 584 

scleræ, 958 

| Sinuses, basilar, 729 
cavernous, 727 
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| Sinuses, circular, 728 
| of coronary vein, 585, 746 
| cranial, 1877, 717, 725 
ethmoidal, 206 
frontal, 187 
of heart, of left auricle, 588 
of right auricle, 584 
lateral, 726 
| jongitudinal, inferior, 726 
superior, 725 
| maxillary, 210 
| occipital, 727 
petrosal, inferior, 728 
superior, 728 
sphenoidal, 199 
straight, 726 
transverse, 726 
| of Valsalva, aortic, 590, 599 
pulmonary, 588 
| Sixth nerve, 870 
surgical anatomy of, 871 
| Skein, or spirem, 3 
— muscles, 33 
| Skeleton, 159 
number of its pieces, 159 
SKIN, General Anatomy of, 61 
appendages of, 65 
arteries of, 64 
corium of, 64 
cuticle of, 61 
derma, or true skin, 64 
development of, 122 
epidermis of, ÓI 
furrows of, 62 
hairs, 66 
muscular fibres of, 67 
nails, 65 
nerves of, 65 
papillary layer of, 64 
rete mucogum of, 62 
sebaceous glands of, 67 
sudoriferous or sweat glands 
| of, 68 
| tactile corpuscles of, 47 
| vessels of, 64 
| SKULL, 180, 230 
anterior region, 240 
| base of, external surface, 234 
internal surface, 231 
| development of, 98 
fossa of, anterior, 231 
middle, 232 
posterior, 233 
lateral region of, 237 
surface marking of, 245 
surgical anatomy of, 247 
| tables of, 160 
| vertex of, 230 
i vitreous table of, 160 
î Slender lobe of cerebellum, 792 
| Small intestine, 1072 
! areolar coat of, 1076 
duodenum, 1072 
| ileum, 1075 
i jejunum, 1075 
mucous coat of, 1076 
muscular coat of, 1076 
serous coat of, 1076 
simple follicles, 1079 
valyule conniventes, 1076 
villi of, 1077 
sciatic nerve, 924 
Socia parotidis, 1045 
Soft palate, 1043 
aponeurosis of, 1044 
arches or pillars of, 1043 


| 
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Soft palate, muscles of, 1044 
structure of, 1043 
parts, development of, 122 
Solar plexus, 933 
Sole of foot, muscles of, first 
layer, 568 
fourth layer, 572 
second layer, 570 
third layer, 571 
Soleus muscle, 561 
Solitary cells, 769 
glands, 1079 


Somatic layer of mesoderm, 54 . 


Somatopleure, 84 
Sémmerring, yellow spot of, 
904 
Space, anterior perforated, 819 
axillary, 651 
intercostal, 257 
of Nuel, 1000 
popliteal, 705 
posterior perforated, 805 
of Retzius, 1129 
Spaces of Fontana, 958 
SPERMATIC ARTERY, 681, 1139 
canal, 1178 
cord, 1139 
arteries of, 1139 
course of, 1139 
lymphatics of, 1140 
nerves of, 1140 
relation to femoral ring, 
IIQI 
relations of, in inguinal 
canal, 1139 
veins of, 1139 
fascia, external, 485 
plexus of nerves, 940 
of veins, 742 
veins, 742, 1139 
surgical anatomy of, 743 
Spermatids, 76, 1142 
Spermatoblasts, 1142 
Spermatocytes, 76, 1142 
Spermatogenesis, 1142 
Spermatogonia, 76, 1142 
Spermatozoon, 76 
body of, 76 
head of, 76 
neck of, 76 
perforator of, 76 
tail of, 76 
Spheno-ethmoidal recess, 244, 
950 
Spheno-frontal suture, 229 
Sphenoid bone, 198 
articulations of, 204 
attachment of muscles to, 


204 
body of, 198 
development of, 203 
greater wings of, 200 
lesser wings of, 201 
pterygoid processes of, 202 
rostrum of, 200 
spinous processes of, 201 
vaginal processes of, 200 
Sphenoidal fissure, 201 
nerves in, 871 
process of palate, 219 
sinuses, 199 
spongy, or turbinated bones, 
202 
Spheno-malar suture, 229 


361 


INDEX 


| foramen, 220 

. ganglion, 863 

' nerves, 862 

{| notch, 220 

| Spheno-parietal sinus, 727 

| suture, 229 

: Spheroidal epithelium, 11 

Sphincter muscle of bladder, 

: 1126 

of rectum, external, 494 | 

' internal, 494 

i of vagina, 501 | 

( recti muscle, 496 | 

| Spina bifida, 179 | 
helicis, 931 

| vestibuli, 127 

' Spinal accessory nerve, 886 | 

| surgical anatomy of, 886 ' 

| arteries, anterior, 645 | 

| lateral, 645 i 

| median, 645 

| posterior, 645 | 
canal, 179 

| SPINAL CORD, 763 

| arachnoid of, 848 

i 


arrangement of grey and 
white matter in, 765 

central canal of, 766 
ligament of, 851 

columns of, 769 

development of, 107 

distribution of nerve-cells 
in, 768 

dura mater of, 847 

fissures of, 765 | 


1 


foetal peculiarity of, 764 
ey commissure of, 765 
matter of, 767 

| minute structure of, | 

: 765 | 

| ligamentum denticulatum ' 

| of, 851 | 

membranes of, 845 

| nerve-tracts in, 769 

neuroglia of, 766 

pia mater of, 850 

sections of, 766 | 
surgical anatomy of mem- : 
branes of, 851 | 
white commissure of, 765 | 
matter of, 769 i 
Spinal ganglion of posterior. 
roots, 764 
nerves, 889 
arrangement into groups, ' 
889 
development of, 116 
distribution of, 890 


a 


posterior, 890 l 
ganglia of, 890 








of roots, anterior, 773 
posterior, 773 


segments, 764 
veins, 736 


aw ey ee 9 





_ posterior, 737 
Spinalis colli muscle, 473 
dorsi, 472 


Spheno-mandibular ligament, ' Spindle, achromatic, 3 


poles of, 3 


| Spheno-maxillary fissure, 239 Spindle, aortic, 600 
| fossa, 239 
| Spheno-palatine artery, 622 


SPINE, 160 


General Description of, 177 
articulations of, 352 
development of, 96 
ossification of, 169 

surface form of, 179 
surgical anatomy of, 179 


Spines of bones, ethmoidal, 198 


of ischium, 304 
nasal, 188 
anterior, 213 
posterior, 218 
of os pubis, 305 
pharyngeal, 183 
scapula, 270 


Spino-glenoid ligament, 378 
Spino-olivary tract, 782 
Spinous process of ilium, 302 


of sphenoid, 201 
of tibia, 323 
of vertebra, 161 


Spiral canal of cochlea, 993 


line of femur, 315 


Spirem or skein, 3 


Splanchnic layer of mesoderm, 
84 
nerve, greater, 936 
lesser, 936 
amallest or renal, 936 
Splanchnopleure, 84 
SPLEEN, 1166 
artery of, 1169 
capillaries of, 1170 
development of, 144 
fibro-elastic coat of, 1168 
lymphatics of, 760, 1171 
Malpighian bodies of, 1170 
nerves of, 1171 
proper substance of, 1168 
relations of, 1166 
serous coat of, 1168 
size and weight, 1167 
structure of, 1169 
surface marking of, 1171 
surgical anatomy of, 1171 
trabecule of, 1169 
veins of, 1170 
Splenial centre of ossification, 
225 
Splenic artery, 678 
distribution of, 1169 
corpuscles, 1170 
plexus, 940 
pulp, 1168 
vein, 744 
Splenium of corpus callosum, 
821 
Splenius muscle, 470 
Spongioblasts, 107 


| Spongioplasm, 2 
divisions of, anterior, 890 Spongy portion of urethra, 


1129 
tissue of bone, 159 


origin of, in cord, 773, 889 Spring ligament, 419 

. Spur of malleus, 988 

l : Squamo-parietal suture, 229 
points of emergence of, 890 Squamo-sphenoidal suture, 229 
Squamo-zygomatic process of 


temporal bone, 191 


longitudinal, anterior, 736 Squamous portion of temporal 


bone, 191 
suture, 229 


Stalk of optic thalamus, 


antcrior, 807 
inferior, 808 


Stalk of optic thalamus, 
parietal, 808 
posterior, 807 

of pituitary body, 804 
Stapedius muscle, 989 
Stapes, 988 

annular ligament of, 989 

development of, 121 
Stellate ligament, 363 

plexus of kidney, 1118 

Stenson, foramina of, 212, 234 

Stenson’s duct, 1045 

Stephanion, 237 


Sternal end of clavicle, frac- 


ture of, 537 
foramen, 254 
furrow, 261 
ligaments, 369 
Sterno-clavicular articulation, 


374 
surface form of, 376 
surgical anatomy of, 376 
Sterno-hyoid muscle, 448 


Sterno-mastoid artery, 611, 616 


muscle, 446 


Sterno-pericardiac ligaments, 


581 
Sterno-thyroid muscle, 448 
Sternum, 254 
articulations of, 257 


attachment of muscles to, 


257 
development of, 97, 255 
ligaments of, 369 
Stilling, canal of, 120, 970 
roof nucleus of, 796 
StomacH, 1066 


alteration in position of, 1067 


alveoli of, 1069 
areolar coat of, 1069 
cardiac glands of, 1070 
curvatures of, 1067 
development of, 137 
fundus of, 1066 
gastric follicles of, 1070 
lymphatics of, 1071 
mucous membrane of, 1069 
muscular coat of, 1069 
orifices of, 1067 
pyloric end of, 1066 
as of, 1070 
pylorus, 1066 
serous coat of, 1068 
structure of, 1068 
surface marking of, 1071 
surfaces of, 1066 
surgical anatomy of, 1071 
vessels and nerves of, 1071 
Stomatodceum, 104 
Straight sinus, 726 
tubes of kidney, 1114 
Strand, lateral, 774 
mesial, 774 
Stratified epithelium, 12 
Stratiform fibro-cartilage, 22 
Stratum cinereum, 802 
compactum of decidua, 92 
corneum, 61 
dorsale, 809 
germinativum, 62 
granulosum, 62 
lemnisci, 802 
lucidum, 63 
Malpighii, 62 
opticum, 802 
spongiosum, 92 
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Stratum zonale, 802 
Streak, primitive, 81 
Striæ acusticæ, 778, 798 
gravidarum, 492 
laterales, 822 
longitudinales, 822 
pinealis, 806 
vascularis, 998 
Stripe of Hensen, 1000 
Striped muscle, 33 
Stroma of ovary, 1157 
Stylo-glossus muscle, 453 
Stylo-hyoid ligament, 451 
muscle, 450 
nerve from facial, 875 


Stylo-mandibular ligament, 362 


Stylo-mastoid artery, 617 
foramen, 195 
vein, 720 
Stylo-pharyngeus muscle, 457 
Styloid process of fibula, 326 
of radius, 286 
of temporal bone, 195 
of ulna, 284 
Subanconeus muscle, 514 


Subarachnoid space of brain 


and cord, 849 
Subcecal fossa, 1065 
Subclavian arteries, 637 
branches of, 643 
first part of left, 638 
right, 637 
peculiarities of, 640 
second portion of, 639 
surface form of, 640 
surgical anatomy of, 640 
third portion of, 639 
groove, 259 
triangle, 625 
vein, 733 
Subclavius muscle, 506 
nerve to, 899 
Subcostal angle, 253 
artery, 672 
muscles, 478 
zone, 1056 
ubcrureus muscle, 548 
Subcutaneus male nerve, 862 
Subdural space, 847 


Sub-epithelial plexus of cornea, 


958 
Sublingual artery, 612 
fossa, 224 
gland, 1046 
vessels and nerves 
1046 
Sublobular veins, 1100 
Submaxillary artery, 613 
fossa, 224 
ganglion, 868 
gland, 1046 
nerves of, 1046 
vessels of, 1046 
triangle, 624 
vein, 719 
Submental artery, 613 
vein, 719 
Submucous tissue, 71! 
Subnasal point, 213 
Suboccipital nerve, 891 
triangle, 475, 644 | 
Subperitoneal connective tis- 
gue, 492 l 
Subpleural mediastinal 


of, 


plexus, 
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! Subpubic ligament, 373 
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Subsartorial plexus, 919 
Subscapular angle, 268 
artery, 657 
fascia, 509 
fossa, 267 
nerves, 900 
Subscapularis muscle, 509 
Substantia corticalis, 971 
ferruginosa, 799 
gelatinosa centralis, 766 
of Rolando, 766 
nerve-cells in, 769 
innominata of Meynert, 828 
nigra, 800 
Subthalamic region, 809 
tegmental region, 809 
Suctorial pad, 438 
Sudoriferous glands, 68 
Sulci of cerebrum, 810 
of spinal cord, 765 
Sulcus centralis, 817 
frontal, inferior, 812 
superior, 812 
intraparietal, 814 
iateralis, 799 
limiting, 817 
lunatus, 816 
of Monro, 113, 806 
occipital, lateral, 816 
transverse, 816 
occipito-temporal, 817 
oculo-motor, 799 ` 
olfactory, 813 
orbital, 813 
parallel, 816 
paramesialis, 813 
post-central, 814 
precentral, 812 
of right auricle, 585 
spiralis, internus et externus, 


998 
temporal, first, 816 
second, 816 
terminalis of His, 942 
tympanicus, 983, 987 
valleculaz, 790 
Supercilia, 974 
Superciliary ridge, 187 
Superficial cervical artery, 
nerve, 896 
circumflex iliac artery, 701 
epigastric, 701 
external pudic, 701 
palmar arch, 669 
perineal artery, 690 
temporal artery, 618 
surgical anatomy of, 618 
transverse ligament of fingers, 
528 
Superficialis volæ artery, 664 
Superior ligament of incus, 989 
of malleus, 989 
maxillary bone, 209 
articulations of, 214 
attachment of muscles 
to, 214 
changes in, produced by 
age, 214 
development of, 213 
nerve, 860 
meatus, 244 
mediastinum, 1021 
medullary velum, 794 
rofunda artery, 
thyroid artery, 610 
surgical anatomy of, O11 
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Superior turbinated crest, 212 , Surrace Form orn MARKING 


of palate, 218 | 
vena cava, 734 
Supernumerary splcens, 1168 
Supinator brevis muscle, 522 
longus, 520 
Supporting cells of Hensen, 
1000 
Supra-acromial artery, 648 
Supraclavicular nerves, 894 | 
Supracondylar process, 276 | 
ridge, external, 275 | 
internal, 275 
Supraglenoid tubercle, 271 | 
Suprahyoid aponeurosis, 450 
artery, O12 
Supramandibular nerves from 
acial, 876 
Supramarginal 
815 
Supramastoid crest, 191 
Suprameatal triangle, 192 
Supra-optic recess, 806 
Supra-orbital arch, 187 
artery, 629 
foramen, 188, 240 
nerve, 859 
notch, 188 
Suprarenal arteries, 680 
capsules, 1172 
development of, 156 
nerves of, 1174 
veasels of, 1174 
plexus, 940 
veins, 743 
Suprascapular artery, 648 
ligament, 378 
nerve, 899 
notch, 270 
Supraspinatus muscle, 510 
Supraspinous fascia, 509 | 


convolution, 


as ae a ee me 


me te e a 


fossa, 268 
ligaments, 354 
Suprasternal artery, 648 
notch, 463 
Supratrochlear foramen, 277 
nerve, 858 
Sural arteries, 707 
veins, 740 
Surracnh FORM or Markine-—— 
of abdominal aorta, 674 
of acromio-clavicular joint, 
378 | 
of ankle-joint, 415 
of anterior tibial artery, 


So ee 


Se 





i 
s 


te 


709 

of axillary artery, 655 

of bladder, 1127 

of brachial artery, 659 

of branches of internal 
iliac artery, 693 

of carpus, 299 


(cont.) 
of femoral artery, 699 
of femur, 319 l 
of fibula, 328 
of fifth cranial nerve, 869 | 
of fissures of brain, 838 | 
of foot, 423 ! 
of heart, 592 | 
of hip-joint, 401 | 
of humerus, 278 7 
of hyoid bone, 228 l 
of intestines, 1090 
of kidney, 1118 
of knee-joint, 409 
of knuckles, 396 
of larynx, 1016 
of liver, 1103 
of lungs, 1028 
of mouth, 1048 
of muscles of abdomen, 492 | 
of back, 476 | 
of head and face, 442 | 
of lower extremity, 
573 
of neck, 463 
of upper extremity, 


534 

of palmar arches, 669 

of palpebral fissure, 978 

of pancreas, 1109 

of patella, 322 

of pelvis, 312 

of plantar arch, 715 

of popliteal artery, 706 

of posterior tibial artery, 

713 

of radial artery, 663 

of radio -ulnar joint, 
inferior, 390 
superior, 388 | 

of radius, 287 | 

i 





of scapula, 272 

of shoulder-joint, 382 

of skull, 245 

of spine, 179 

of spleen, 1171 

of sterno-clavicular joint, 

376 i 

of sterno-mastoid, 447 

of stomach, 1071 | 

of subclavian artery, 640 ; 
| 
i 
| 





of tarsus and foot, 343 

of temporo - mandibular 
joint, 363 

of thorax, 261 

of tibia, 326 

of ulna, 284 ; 

of ulnar artery, 666 | 

of vertebral column, 179 | 

of wrist and hand, 299 | 

of wrist-joint, 391 


of cerebral convolutions,| SURGICAL ANATOMY— 


838 
of clavicle, 267 
of common carotid artery, | 


iliac artery, 684 

of cranium, 245 

of dorsalis pedis artery, 

711 
of elbow, 386 
of external auditory 
meatus, 1002 

carotid artery, 610 


iliac artery, 684, 694 — 


of abdominal aorta, 674 

of abducent nerve, 871 

of acromio - clavicular | 
joint, 378 | 

of adductor longus muscle, ; 


551 | 
of ankle-joint, 415 i 
of anterior tibial artery, : 

710 ; 
of arch of aorta, 602 
of artery of the bulb, 691 
of ascending pharyngeal 

artery, 618 


SURGICAL ANATOMY (cont.) 
of auditory nerve, 877 
of axilla, 652 
of axillary artery, 655 
fascia, 503 
glands, 753 
vein, 733 
of azygos veins, 736 
of base of bladder, 1200 
of bend of elbow, 658 
of biceps of arm, 513 
of bones of face, 250 
of brachial artery, 659 
plexus, 908 
of branches of internal 
iliac, 691 
of carpal bones, 300 
of cavernous sinus, 727 
of cervical fascia, 445 
glands, 752 
vertebra, 360 
of clavicle, 267 
of club-foot, 566 
of common carotid, 608 
iliac, 685 
of deep epigastric, 695 
of deltoid muscle, 509 
of descending aorta, 671 
of dorsalis pedis artery, 
7II 
of elbow-joint, 386 
of Eustachian tube, 1003 
of extensor muscles of 
thumb, 525 
of external carotid artery, 
610 
ear, 1001 
iliac artery, 694 
jugular vein, 721 
of eye, 978 
of facial artery, O15 
nerve, 876 
vein, 719 
of femoral artery, 699 
hernia, 1186 
of femur, 320 
of fibula, 331 
of flat foot, 419 
of foot, bones of, 344 
joints of, 420 
of forearm, bones of, 287 
of gluteal artery, 693 
of hæmorrhoidal veins, 740 
of hamstrings, 558 
of hand, bones of, 300 
of heart, 593 
of hip-joint, 401 
of humerus, 279 
of hyoid bone, 228 
of hypoglossal nerve, 889 
of iliac fascia, 542 
of inferior thyroid artery, 


647 
of inguinal glands, 755 
hernia, 1173 
of innominate artery, 604 
of intercostal nerves, 912 
of internal carotid artery, 
627 
iliac artery, 687 
jugular vein, 722 
mammary artery, 651 
pudic artery, O91 
of intestines, 1090 
of ischio-rectal region, 
1194 


SURGICAL ANATOMY (cont.) 
of joints of cervical 
vertebra, 360 
of kidneys, 1119 
of knee-joint, 410 . 
of i apparatus, 


9 
of laryngeal nerves, 885 
of laryngo-tracheal region, 
1016 
of larynx, 1016 
of leg, bones of, 328 | 
of lingual artery, 612 | 
of liver, 1104 | 
of lumbar plexus, 929 
of lungs, 1028 : 
of membranes of spinal’ 
cord, 851 : 
of metacarpal bones, 300 | 
of middle meningeal ar- | 
tery, 621 
of motor-oculi nerve, 856 
of muscles of eye, 435 
of lower extremity, 


575 
of soft palate, 460 
of upper extremity, 


53 
of musculo-spiral nerve, 


909 

of nasal fosse, 953 

of nose, 953 

of cesophagus, 1053 

of olfactory nerve, 852 

of optic nerve, 353 

of palate, muscles of, 460 

of palmar arch, 670 
fascia, 528 

of pancreas, 1109 

of patella, 322 

of pelvis, bones of, 312 

of penis, 1137 

of pericardium, 582 

of perineum, 1194 

of peroneal or external 

popliteal nerve, 930 

of pharynx, 1051 

of plantar arch, 716 
ligaments, 419 

of pleura, 1021 











of popliteal artery, 706 
of portal vein, 745 
of posterior tibial, 713 
of pronator radii teres | 
muscle, 516 
of prostate gland, 1134 
of psoas magnus, 542 S 
of radial artery, 663 : 
of radius and ulna, 287 | 
of recti muscles of eye, 435 , 
of rectus femoris muscle, ' 
548 
of ribs, 263 
of saphena veins, 738 
of scalp, 429 
of scapula, 273 
of sciatic artery, 693 
(great) nerve, 930 
of scrotum, 1140 
of serratus magnus muscle, 


507 

of shoulder-joint, 382 

of skull, 247 

of spermatic veins, 743 

of spinal accessory nerve, 
886 


i 
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NURGICAL ANATOMY (cont.) 


of spine, 179 
of spleen, 1171 


of sterno-clavicular joint, 


376 


7 
of sterno-mastoid muscle, 


447 
of sternum, 262 
of stomach, 1071 


of subclavian artery, 640 
of superior radio-ulnar 


joint, 388 


thyroid artery, 611 
of synovial sheaths of 
tendons of wrist, 529 


of talipes, 566 
of tarsal joints, 420 


of temporal artery, 618 
of temporo-mandibular 


joint, 363 
of testis, 1144 


of thoracic aorta, 671 


of thorax, 262 


of thyroid gland, 1164 


of tibia, 331 
of tongue, 455, 947 


of triangles of neck, 623 


of triceps, 515 


of trifacial nerve, 869 
of trochlear nerve, 857 
of ulna and radius, 287 


of ulnar artery, 666 
of urethra, 1130 


of ventricles of brain, 841 
of vertebral artery, 646 
of vesico-prostatic plexus, | 


741 

of vesiculæ 
1146 

of wrist-joint, 391 


Suspensory ligament of eye, 


of lons, 971 
of penis, 1134 


Sustentacular cells of spl 


1169 


Sustentaculum lienis, 1063 


tali, 332 


Sutura, 350 


dentata, 350 
harmonia, 350 
limbosa, 350 
notha, 350 
serrata, 350 
squamosa, 350 
vera, 350 


Sutural ligament, 346 
UTUR®, basilar, 229 


coronal, 229 
cranial, 228 
frontal, 228 
fronto-parietal, 229 
fronto-sphenoidal, 229 
intermaxillary, 236 
internasal, 240 
interparietal. 228 
lambdoid, 229 
masto-occipital, 229 
masto-parietal, 229 
metopic, 228 
occipito-parietal, 229 
petro-occipital, 229 
petro-sphenoidal, 229 
tro-squamous, 190 
sagittal, 228 
spheno-frontal, 229 
spheno-malar, 229 


seminales, | 


een, | 
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| SUTURE, spheno-parietal, 229 
squamo-parietal, 229 
squamo-sphenoidal, 229 
squamous, 229 
transverse facial, 229 
! Sweat-glands, 68 
| Sylvian fossa, 115 
| Sylvius, aqueduct of, 803 
| fissure of, 817 
surface marking of, 838 
SYMPATHETIC NERVE, 45, 931 
cervical portion, 931 
lumbar portion, 937 


pelvic portion, 937 
plexuses, 937 


| cardiac, 937 
i 
| 
| 





epigastric, 938 
hypogastric, 941 
pelvic, 941 
| solar, 938 
thoracic portion, 936 
[Sympathetic system, 38, 763 
\Symphysis of jaw, 222 
| pubis, 373 
|\Synarthrosis, 348 
| Syncytium, 78 
ie ees 350 
|Synovia, 70, 347 
\Synovial ligaments, 347 
| sheaths, 347 
| SYNOVIAL MEMBRANE, 70, 347 
articular, 347 
| bursal, 347 
Ff vaginal, 347 
: See also Individual Joints 
System, Haversian, 25 
Systemic arteries, 590 
veins, 718 





954 . Tables of the skull, 160 


|Tactile corpuscles of Grandry, 


47 
of Wagner and Meissner, 47 
: Tenia of fourth ventricle, 797 
| hippocampi, 824 
| semicircularis, 828 
Teenie of muscular coat of in- 
| testine, 1082 
tects, 822 
‘Tangential fibres, 834 
Tapetum of choroid, 960 
or mat, 823 
nigrum, 968 
Tarsal artery, 711 
bones, 331 
ligament of eyelid, 431, 976 
ligaments, 416 
| plates of eyelid, 975 
Tarsi, sinus, 332 
Tarso-metatarsal articulations, 
420 
Tarsus, 331 
| articulations of, 416 
| development of, 342 
| surface form of, 343 








surgical anatomy of, 344 
synovial membranes of, 421 
: Taste-buds, 945 
| TRETH, 1032 
bicuspid, 1034 
| body of, 1032 
| canine, 1034 
;  eement,of, 1038 
| crown of, 1032 
crusta petrosa of, 1038 
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TretTu, deciduous, 1032 
dentinal tubuli of, 1036 
dentine of, 1036 
development of, 1038 
enamel of, 1037 
eruption of, 1042 
eye, 1034 
false molars, 1034 
fang of, 1032 
general characters of, 1032 
incisors, 1033 
intertubular substance of, 

1037 
ivory of, 1036 
milk, 1032, 1035 
molar, 1035 
multi-cuspidate, 1035 
permanent, 1033 | 
pulp-cavity of, 1035 | 
root of, 1032 | 
structure of, 1035 
temporary, 1032, 1035 
true or large molars, 1035 
wisdom, 1035 
Tegmen tympani, 194, 984 
Tegmentum of crus cerebri, 800 


INDEX 


Tendon, superior, of Lockwood, ‘THORAX (cont.) 


433 


Tendons of wrist, relation of, | 


527 
Tendril fibres of cerebellum, 796 : 


Tenon, capsule of, 954 


Tensor fasciæ femoris muscle, 


545 
palati muscle, 458 
tarsi muscle, 431 
pani muscle, 989 
canal for, 196, 986 
Tenth nerve, 880 


surgical anatomy of, 835 


Tentorium cerebelli, 346 
Teres major muscle, 511 
minor muscle, §11 
Terminal sinus, 766 
Termination of nerves, 46 
Testes, 1137, 1140 
coni vasculosi of, 1143 


fascias of, 477 

lower opening of, 253 

lymphatics of, 760 

muscles of, 477 

parts passing through upper 

opening of, 579 

lower opening of, 579 

surface form of, 261 

upper opening of, 252 


Thrombin or fibrin ferment, 8 


i Thumb, articulation of, with 


t 


carpus, 394 
muscles of, 522, 529 
Thymic artery, 603 
lymphatic-vessels, 762 


i Thymus gland..1165 


| 


i 


development of, 105 
lobes of, 1165 
lymphatics of, 1166 
structure of, 1166 


of corpora quadrigemina, 802 | Thyro-arytenoid ligament, 


coverings of, 1141 
descent of, 153 
development of, 151 
gubernaculum testis, 143 


l 


| 


Thyro-arytenoideus 


inferior, 1009 

superior, 1O10 

muscle, 
IOII 


lobules of, 1142 
lymphatics of, 759 
mode of descent, 153 
muliebres, 1157 


nucleus of, 801 
Tela choroidea inferior, 797 
superior, 831 
Telencephalon, 113, 803 


| Thyro-epiglottic ligament, 1007 
Thyro-glossal duct, 105, 944 

| Thyro-hyal of hyoid bone, 227 
_Thyro-hyoid arch (foetal), 102 


Telophase of karyokinesis, 3 
Temporal artery, 618 
anterior, 618 
deep, 621 
middle, 618 
posterior, 618 
surgical anatomy of, 618 
bone, 190 
articulations of, 198 
attachment of muscles to, 
198 
development of, 197 
mastoid portion, 193 
petrous portion, 194 
squamous portion, 191 
structure of, 197 
fascia, 439 
fossæ, 237 
lobe, 816 
muscle, 440 
nerves of auriculo-temporal, 
867 
deep, 866 | 
of facial, 875 | 
middle deep, 866 | 
operculum, 817 
ridges, 186, 188, 237 
sulcus, 816 
veins, 720 i 
Temporary cartilage, 21 | 
- teeth, 1032, 1035 
Temporo-facial nerve, 875 | 
Temporo-malar nerve, 862 | 
Temporo-mandibular articula- | 
tion, 360 
surface form of, 363 | 
surgical anatomy of, 363 | 


Temporo-maxillary vein, 720 | THorax, General Description 


Tendo Achillis, 562 
palpebrarum or oculi, 431 
Tendon, central, or trefoil, | 
of diaphragm, 480 | 
conjoined, of internal ob- 
lique and transversalis, 
486, 1177 
structure of, 425 | 





rete testis, 1143 

size and weight of, 1141 

structure of, 1142 

surgical anatomy of, 1144 

tubuli seminiferi of, 1142 

tunica albuginea, 1141 
vaginalis, 1141 
vasculosa, 1143 

vas aberrans of, 1144 

vas deferens of, 1143 

vasa efferentia of, 1143 

vasa recta of, 1143 

Thalamencephalon, 113, 803 


| Thalami optici, 807 


Thebesii ven, 746 
foramina, 585 


Thigh, deep fascia, fascia lata, 


544 
muscles of back of, 556 
of front of, 543 


superficial fascia, 543, 1187 
' Third nerve, 854 
surgical anatomy of, 856 


ventricle of the brain, 805 
Thoracic aorta, 670 


surgical anatomy of, 671 


artery, acromial, 656 
alar, 657 
long, 657 
superior, 656 
duct, 58, 748 


ganglia of sympathetic, 936 


nerves, anterior, 900 
posterior, or long, 899 


region, muscles of anterior, ' 


502 
lateral, 506 


of, 579 
base of, 579 
bones of, 252 
boundaries of, 252 
cavity of, 579 
cutaneous nerves of, 
anterior, 910 
lateral, 910 


) 
| 
i 


i 
t 


| 
| 
) 


ligaments, 1007 
membrane, 1007 
muscle, 448 
nerve, 889 
Thyroid artery, inferior, 647 
superior, 610 
surgical anatomy of, 611 
axis, 647 
branches of sympathetic, 934 
cartilage, 1004 
foramen, 306 
ganglion, 934 
gland, 1162 
development of, 105 
isthmus of, 1162 
veins, inferior, 734 
middle, 722 
superior, 722 
Thyroidea ima artery, 603 
Tibia, 322 
articulations of, 326 
attachment of muscles to, 
326 
crest of, 323 
development of, 325 
fracture of shaft of, 576 
nutrient artery of, 714 
spinous process of, 323 
surface form of, 326 
surgical anatomy, 328 
tubercle of, 323 
tuberosities, 323 


! Tibial artery, anterior, 709 


: 


J 
: 


i 
| 


branches of, 710 
peculiarities of, 709 
surface marking of, 709 


surgical anatomy of, 
710 
posterior, 712 


branches of, 713 

peculiarities of, 713 

recurrent, 710 

surface marking of, 713 

surgical anatomy of, 713 
lymphatic glands, 756 
nerve, anterior, 928 


Tibial nerve, posterior, 927 
veins, anterior, 740 
posterior, 739 
Tibialis anticus muscle, 559 
posticus muscle, 564 


TYibio-fibular articulations, 411 | 


region, anterior, muscles of, 
558 
posterior, 560 
Tibio-navicular ligament, 413 
Tongue, 942 
arteries of, 946 
development of, 103 
fibrous septum of, 946 
freenum of, 942 
mucous glands, 946 
meinbrane of, 942 
muscles of, 452 
nerves of, 946 
papille of, 944 
serous glands of, 946 
— anatomy of, 947 
Tonsillar artery, 613 
nerves, 880 
Tonsils, 1050 
of cerebellum, 792 
development of, 105 
nerves of, 1050 
vessels of, 1050 
Topography of cerebral hemi- 
spheres, 838 
Torcular Herophili, 184, 725 
Trabeculew of corpus caverno- 
sum, 1136 
cranii, 99 
of footal skull, 99 
of spleen, 1168 
of testis, 1141 
TRACHEA, 1013 
cartilages of, 1015 
glands of, 1015. 
relations of, 1013 
structure of, 1015 
surgical anatomy of, 1016 
vessels and nerves of, 1016 
Trachealis muscle, 1015 
Trachelo-mastoid muscle, 472 
Tracheotomy, 1017 
Trachoma glands, 977 
Tract, afferent or ascending, 843 
anterior basis bundle, 770 
of Burdach, 772 
crossed pyramidal, 771 
descending comma, 773 
direct cerebellar, 770 
pyramidal, 770 
efferent or descending, 842 
of Goll, 772 
of Gowers, 771 
lateral basis bundle, 772 
of Lissauer, 772 
of Meynert, 8047” 
Tractus solitarius, 110 
spiralis foraminosus, 195, 993 
Tragicus muscle, 982 
Tragus, 980 
Transitional epithelium, 13 
Transpyloric plane, 1056r 


'Transversalis cervicis muscle, 


472 
colli artery, 648 
fascia, 491, 1179 
humeri artery, 648 
muscle, 488 


Transverse arteries of basilar, | 


646 


INDEX 


Transverse colon, 1084 | 
coronary artery, 600 | 
facial artery, 618 | 


vein, 720 
tibres of hemispheres, 832 
fissure of brain, 831 
of liver, 1097 
. humeral ligament, 380 
| joint of foot, 415 
| ligament of atlas, 356 
| 
| 
| 


of hip, 399 
of knee, 406 


metacarpal, 395 l 


metatarsal, 422 
of scapula, 378 
of shoulder, 380 
superficial, of fingers, 528 
tibio-fibular, 412 
mesocolon, 1063 | 
nasal artery, 632 
occipital fissure, 815 | 
process of a vertebra, 161 
ginus, 729 
of pericardium, 582 
| suture, 229 
' temporal gyri, 816 
; Transversus auricule, 982 
perinai, in female, 500 
in male, 497 
profundus, 1201 : 
Trapezium, bone, 292 | 
of pons, 786 
Trapezius muscle, 465 
' Trapzeoid bone, 293 
ligainent, 376 
nucleus, 786 | 
-Trefoil tendon of diaphragm, į 
480 | 
Treitz, muscle of, 1075 | 
, Triangle of auscultation, 313 | 
' of elbow, 658 
of Hesselbach, 1180, 1184 
inferior carotid, 623 
muscular, 623 
of neck, anterior, 623 
posterior, 624 
occipital, 624 
l Scarpa’s, 696 
i we 625 
submaxillary, 624 
suboccipital, 475 
| superior carotid, 623 
| urogenital, 1195 
Triangular fascia of abdomen, 
486, 1179 
of urethra, 498, 1198 
| jnterarticular fibro-cartilage, 
389 
strand, 773 
Triangularis menti muscle, 437 


| 
| 
| 


t 


| sterni muscle, 478 | 
| Triceps extensor cubiti, 514 | 


i Tricuspid valves, 587 


! 
Trifacial or trigeminus nerves, 
8 


7 i 
surface marking of, 809 | 


surgical anatomy of, 869 


' Trigono of bladder, 1127 | 
| Trigonum acustici, 781,799 | 


habenule, 808 
hypoglossi, 781, 799 
olfactorium, 819 
vagi, 781 

ventriculi, 825 


Trochanter, great, 315 


| Trochlear fossa, 189 








Trilaminar blastoderm, 86 
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Trochanter, small, 315 

Trochanteric fossa, 315 

Trochlea of femur, 317 
of humerus, 277 


nerve, 857 
surgical anatomy of, 857 
Trochoid joint, 349 s s 


i Trolard, anastomotic vein of, 


724 


i 
| Tröltsch, recess of, 990 
| Trophoblast, 78 


True ligaments of bladder, 1125 
nucleoli, 2 
pelvis, 308 
ribs, 257 

Trunk, articulations of, 352 
muscles of, 464 

Tube, Eustachian, 986 
Fallopian, 1156 
tonsil, 987 

Tuber cinereum, 804 
ischii, 304 
omentale, 1095 
papillare, 1096 
valvulz of cerebellum, 792 

Tubercle, adductor, 316 
carotid or Chassaignac’s, 

162n 
conoid, 265 
cuneate, 778 
of Darwin, 980 
deltoid, 265 
of epiglottis, 1007 
of the femur, 315 
of hyoid bone, 227 
lachrymal, 212 
of Lower, 586 
of navicular, 335 
for odontoid ligaments, 182 
of the quadratus, 315 
of rib, 258 
of Rolando, 773 
of scaphoid, 291 
of the tibia, 323 
of ulna, 281 
of zygoma, 191 

Tubercles, genial, 224 
mental, 222 
of ribs, 258 

Tubercular point of ilium, 312 

Tuberculum acusticum, 781 
impar, 103 

Tuberosities of humerus, 

greater, 275 
lesser, 275 
of tibia, 323 

Tuberosity, cuboid, 335 
of ischium, 304 
maxillary, 210 
of the navicular bone, 335 
of palate bone, 219 
of radius, 285 

Tubes, bronchial, 1013 

structures of, in lung, 1026 

Tubular membrane of nerves, 


43 
secreting glands, 71 
compound, 72 
substance of kidney, 1114 
Tubuli, dentinal, 1036 
lactiferi, 1160 
seminiferi, 1142 
uriniferi, 1114 
Tuft, vascular, in Malpighian 
bodies of kidney, 1113 
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Tunica adventitia, 52 
albuginea, 1141 
elastica externa, 52 
intima of arteries, §! 
media, §2 
of ovary, 1157 
Ruyschiana, 959 
vaginalis, 1141 
vasculosa oculi, 958 
testis, 1142 
Tunnel of Corti, 999 
Turbinal process, 215 
Turbinated bone, inferior, 220 
middle, 205 
superior, 206 
crest, inferior, 210, 218 
superior, 212, 218 
Tutamuina oculi, 974 
Twelfth nerve, 886 
surgical anatomy of, 889 
Tympanic artery, from internal 
carotid, 628 
from internal maxillary, 
620 
nerve, 880, 990 
of facial, 873 
plate, 192 
ring, 197 
TyYMPANUM, 984 
arteries of, 990 
cavity of, 984 
membrane of, 987 
mucous membrane of, 989 
muscles of, 989 
nerves of, 990 
ossicula of, 987 
veins of, 990 
Types of human czeca, 1082 
Tyson’s glands, 1135 


Ulna, 281 
articulations of, 284 
coronoid process of, 281 
development of, 284 
fracture of coronoid process 
of, 287 
of olecranon, 538 
of shaft, 539 
muscles attached to, 284 
olecranon process of, 281 
sigmoid cavities of, 282 
styloid process of, 284 
surface form of, 284 
surgical anatomy of, 287 
tubercle of, 281 
Ulnar artery, 665 
branches of, 667 
peculiarities of, 666 
recurrent, anterior, 667 
posterior, 667 
surface marking of, 666 
surgical anatomy of, 666 
collateral branch of musculo- 
spiral, 907 
lymphatic glands, 753 
nerve, 905 
surgical anatomy of, 908 
vein, anterior, 730 
posterior, 730 
Umbilical arteries in f 
594, 686 
how obliterated, 596 
cord, 95 
fissure of liver, 1096 
region, contents of, 1056 


wtus, 96, 
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| Umbilical veins, 96 
| vesicle, 87 ; 
I gone, 1056 
i Umbilicus, 491 
| Umbo, 987 
' Unciform bone, 294 
process of, 294 
of ethmoid, 205 
Uncinate fasciculus, 832 
Uncus, 818 
Ungual phalanges, 298 
Unstriped muscle, 37 
| Upper extremity, arteries of, | 
637 | 
bones of, 264 ; 
fascia of, 501 
! ligaments of, 374 | 
| lymphatics of, 753 i 
muscles of, 501 
nerves of, 897 
i surface form of muscles of, 
534 
i surgical anatomy of, 536 | 
veins of, 730 i 
| Urachus, 91, 151, 1125 i 
| Ureters, 1120 
| muscles of, 1126 
| nerves of, 1122 
| structure of, 1121 
vessels of, 1122 j 
URETHRA, development of, 151 | 
male, 1129 
bulbous portion of, 1130 | 
| caput gallinaginis, 1129 | 
membranous portion, 1129 
prostatic portion, 1129 | 
rupture of, course taken | 
y urine, 1196 ! 
| 
| 

















ELEIT 














| sinus pocularis of, 1129 | 
spongy portion of, 1129 
| structure of, 1130 
surgical anatomy of, 1130 
verumontanum, 1129 
female, 1131 
Urinary organs, 1110 
development of, 146 
| Urogenital cleft, 154 
| _ triangle, 1195 
| Uterine arteries, 688 
plexus, 941 
of veins, 741 
| UTERUS, 1150 
arbor vitæ of, 1152 
broad ligaments of, 1152 
cavity of, 1152 
development of, 151 
in foetus, 1154 
fundus, body, and cervix of, 
j IT50 
ligaments of, 1151 
lymphatics of, 759 
masculinus, or sinus pocu- 
laris, 150, 1129 
| during menstruation, 1154 
| nerves of, 1154 





= 


i 


in old age, 1154 

after parturition, 1154 
| plexus of, 941 

| 


during pregnancy, 1154 - 
| at puberty, 1154 
; round ligaments of, 1152 
shape, positions, dimensions, 
1150 
structure of, 1152 


vessels of, 1154 
. Utricle of vestibule, 994 


i Uvea, 961 
Uvula of cerebellum, 792 


of throat, 1043 
vesicæ, 1127 


Vagina, 1149 


columns of, 1150 
lymphatics of, 759 


Vaginal arteries, 688 


plexus of nerves, 941 

of veins, 741 
process of temporal, 192, 195 
processes of sphenoid, 200 
synovial membranes, 347 


Vagus nerve, 880 


pepa of root of, 882 
of trunk of, 882 


t Valentin, ganglion of, 862 

i Vallecula of cerebellum, 788 

' Valleculæ of larynx, 1007 
Valsalva, sinuses of, 588, 590 
Valve of Bauhin, 1083 


coronary, 585 
of cystic duct, 1103 
Eustachian, 585 
of gali-bladder, 1103 
of Hasner, 978 
ileo-ceecal, 1183 
of Kerkring, 1076 
mitral, 589 
tricuspid, 589 
of Vieussens, 794 
Valves of heart, aortic, 590 
development of, 128 
of lymphatics, 57 
pulmonary, 587 
in right auricle, 585 
of veins, 56 
Valvule conniventes, 1076 
Vas aberrans, 1144 
deferens, 1143 
structure of, 1144 
spirale, 999 
Vasa aberrantia, from brachial 
artery, 659 


afferentia of lymphatic 
glands, 747 

brevia arteries, 678 
veins, 745 


efferentia of testis, 1143 
of lymphatic glands, 748 
intestini tenuis arteries, 679 
recta, 1143 
vasorum of arteries, 53 
of veins, 57 
Vascular area of yolk-sac, 88 
capsule of lens, 120 
system, General Anatomy of, 
51 
changes in, at birth, 596 
peculiarities in foetus, 593 
Vaso-motor nerves, 45 
Vastus externus muscle, 547 
internus and crureus, 547 
Vater, corpuscles of, 477 
Vems, General Anatomy of, 55 
inastomoses of, 717 
coats of, 55 
development of, 132 
muscular tissue of, 56 
plexuses of, 716 
size, form, &c., 716 
atructure of, 55 
valves of, 56 
vessels and nerves of, 57 
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VEINS, visceral, 132 


_ | VEINS OR VEIN (cont.) 
Veins on VEIN, Descriptive.’ 


} VEINS OR VEN (cont. 
ilio-lumbar, 741 | ical) 


splenic, 745 


Anatomy of, 716 
anastomotic, of Labbé, 724 
of Trolard, 724 
angular, 718 
auditory, 1001 
auricular, posterior, 720 
axillary, 732 
azygos, left lower, 736 
left upper, 736 
major, 735 
basilar, 725 
basilic, 732 
basis vertebre, 737 
of bone, 25 
brachial, 732- 
brachio-cephalic or inno- 
minate, 733 
bronchial, 736 
buccal, 719 
cardiac, 746 
cardinal, 133 
cava, inferior, 741 
superior, 7 34 
cephalic, 732 
cerebellar, 725 
cerebral, 724 
deep, 724 
inferior, 724 
median, 724 
superficial, 724 
superior, 724 
cervical, deep, 723 
choroid, of brain, 725 
circumflex iliac, 740 
superficial, 738 
common facial, 719 
condyloid, posterior, 
729 
of corpora cavernosa, 1136 
of corpus striatum, 725 
cystic, 745 
deep, or venæ comites, 717 
cerebral, 724 
cervical, 723 
facial, 719 
digital, of hand, 730 
of diploé, 723 
dorsal spinal, 736 
of penis, 741 
dorsalis pedis, 738 
emissary, 729 
surgical anatomy of, 730 
epigastric, deep, 740 
of eyeball, 972 
facial, 718 
common, 719 
deep, 719 
transverse, 720 
femoral, 740 
of fingers, 730 
frontal, 713 
of Galen, 720 
gastric, 745 
gastro-epiploic, 744 
gluteal, 740 
hemorrhoidal, 740 
of hand, 730 
of head, 718 
hemiazygos, 7 30 
accessoria, 730 
hepatic, 743 
iliac, common, 741 
external, 740 
internal, 740 


723s 


es ee a ree oe ee a. 


inferior cava, 741 
innominate, 733 
intercostal, superior, 734 
interlobular, of kidney, 1118 
of liver, 1098 
interosseous, of forearm, 732 
intralobular, of liver, 1099 
jugular anterior, 721 
external, 721 
posterior, 721 
internal, 721 
of kidney, 1118 
of Labbé, posterior anasto- 
motic, 724 
labial, inferior, 719 
superior, 719 
laryngeal, 734 
lateral sacral, 741 
lingual, 722 
of liver, 1098 
longitudinal, inferior, 726 
of lower extremity, 738 
lumbar, 742 
ascending, 742 
mammary, internal, 734 
masseteric, 719 
maxillary, anterior internal, 
719 
internal, 720 
median, basilic, 731 
cephalic, 731 
cutaneous, 731 
meningeal, 847 
ineningo-rachidian, 7 30 
mesenteric, inferior, 745 
superior, 744 
nasal arch, 718 
oblique, of Marshall, 746 
obturator, 740 
occipital, 720 
cosophageal, 736 
ophthalmic, 728 
inferior, 728 
orbital, 720 
ovarian, 743 
palmar, deep, 732 
palpebral, inferior, 719 
superior, 718 
pancreatic, 745 
pancreatico-duodenal, 745 
penis, dorsal of, 74! 
peroneal, 739 
pharyngeal, 722 
phrenic, 743 
plantar, external, 739 
internal, 739 
popliteal, 740 
portal, 716, 745, 1100 
profunda femoris, 740 
pterygoid plexus, 720 
pudie, external, 738 
internal, 740 
pulmonary, 717 
radial, 731 
ranine, 719, 722 
renal, 743, 1118 
sacral, middle, 741 
saphenous, external, or short, 
8 
sapiens or long, 738, 1186 
sciatic, 740 
spermatic, 742 
spinal, 736 
of spinal cord, 737 


stylo-mastoid, 720 
subclavian, 733 
| gublobular, 1100 
| submaxillary, 719 
submental, 719 
superficial, 717 
| supra-orbital, 718 
; suprarenal, 743 
'  guprascapular, 721 
. sural, 740 
Sylvian, deep, 725 


1 
‘ 
' 


systemic, 716 
temporal, 720 

middle, 720 
temporo-maxillary, 720 
of thorax, 730 
| thyroid, inferior, 734 
middle, 722 
: superior, 722 
| tibial, 740 
| transverse cervical, 721 
| facial, 720 


of, 724 
ulnar, anterior, 730 
common, 731 
deep, 732 
posterior, 730 
umbilical, 594 
of upper extremity, 730 
| vaginal, of liver, 1100 
| vase, brevia, 745 
'  yentricular, 724 
| vertebral, 723 
| anterior, 723 
posterior, 723 
_ -vesico-prostatic, 741 
i Vidian, 722 


$ 


| 
t 
i 
i 
i 


Vams, plexuses of, ovarian, 


| 743, 1159 


pampiniform, 742, 1139, 


1159 
i pharyngeal, 722 
| pterygoid, 720 
| spermatic, 742, 1139 
uterine, 74! 
| vaginal, 741 
| vesico-prostatic, 741 
| Velum interpositum, 831 
' pendulum palati, 1043 
Vena capitis lateralis, 134 
cava, inferior, 741 
development of, 133 
| peculiarities of, 742 
i superior, 734 
! Galeni, 828, 831 
| hemiazygos, 736 
| accessoria, 730 
magna Galeni, 331 
| Venæ basis vertebra, 737 
i comites, 717 
hepatica advehentes, 132 
revehentes, 132 
| interlobulares of 
| 1118 | 
| proprie renales, 1118 
| recta of kidney, 1118 
Thebesii, or minimæ cordis, 
740 
vorticos®æ, 959 
Venesection, 732 


Venous lacunæ of dura mater, 


iV le le 
Venter of ilium, 302 


Trolard, great anastomotic 


kidney, 
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Venter of scapula, 267 ' Vestibule of ear, 991 White fibro-cartilage, 21 
Ventral aorta, 129 aqueduct of, 195, 99! fibrous tissue, 15- 
auditory nucleus, 781 fissure of, 994 line of pelvic fascia, 494 
Ventricle of nasal fossæ, 950 of larynx, 1008 substance of cord, 769 
terminal, of Krause, 766 of nasal fossx, 950 nervous, 39 
of Verga, 829 Vestibulum oris, 1030 of Schwann, 4I 
Ventricles of brain, fifth, 829 | Vestigial fold of pericardium, | Willis, circle of, 635 
fourth, 797 |! §82 Winslow, foramen of, 139, 
lateral, 823 : Vibrisse, 948 1060 
third, 805 i Vicq d’Azyr, band of, 835 ligament of, 404 
of heart, left, 588 bundle of, 805, 828 Wisdom tooth, 1035 
right, 586 | Vidian artery, 622 Wolffian body, 146 
of larynx, 1010 | canal, 202 duct, 146 
Verga, ventricle of, 829 | nerve, 864 tubules, 147 
Vermicular motion, 38 : Vieussens, annulus of, 638 Womb. See Uterus 
Vermiform appendix, 1083 ansa of, 936 Worm. See Vermiform Process 
Vermis of cerebellum, inferior,| valve of, 794 Worm or vermis, 788 
790 Villi, 1077 Wormian bones, 207 
superior, 788 arachnoid, 850 Wrisberg, cartilages of, 1007 
Vernix caseosa, 123 of the chorion, 89 ganglion of, 938 
Vertebra prominens, 165 Viscera, pelvic, position of, in| ligament of, 406 
development of, 169 abdominal regions, 1056| nerve of, 902 
Vertebre, 160 position of, at outlet of| Wrist-joint, 390 
cervical, 161 pelvis, 1199 surface form of, 391 
development of, 169 Visceral arches (foetal), 102 surgical anatomy of, 391 
dorsal, 165 clefts (foetal), 101 Wry-neck, 447 
general characters of, 161 veins, 132 
ligaments of, 352 Visual asi ag 835 
lumbar, 16 centres, higher, 809 ha; . 
sacral, 171 A lower, 809 Xiphaidappendiz, 255 
structure of, 169 purple, 964. 
Vertebral aponeurosis, 469 Visuo-psychic area, 835 
artery, 644 Visuo-sensory area, 835 Y-ligament, 398 
column, 177 Vitelline circulation, 88, 124 | Y-shaped centre of acetabulum, 
articulation of, 352 duct, 87, 137 307 l 
ossification of, 169 fluid, 88 Yellow elastio fibrous tissue, 16 
surface form of, 179 veins, 124 cartilage, 23 
foramen, 161 Vitellus, 73 spot of retina, 964 
ligaments, 352 Vitreous body of the eye, 970 Yolk, 73 
region, muscles of, anterior,| table of the skull, 160 cleavage of, 78 
460 Vocal cords, inferior or true,| formative, 74 
lateral, 462 1010 nutritive, 74 
vein, 723 superior or false, 1009 Yolk-sac, 88 
Vertex of skull, 230 process, 1006 Yolk-stalk, 137 
Vertical plate of palate bone, Voice, organs of, 1004 
218 | Voluntary muscles, 33 
Verumontanum, 1129 | Vomer, 221 Zinn, ligament of, 433 
Vesical artery, inferior, 687 | ale of, 222 Zona arcuata, 998 
middle, 687 articulations of, 222 fasciculata, 1173 
superior, 687 development of, 222 giomerulosa, 1173 
plexus of nerves, 941 | Vomerine cartilage, 222 incerta, 809 
Vesicle, germinal, 74 i Vortex of heart, 592 orbicularis, 397 
optic, 117 | Vulva, 1047 pectinata, 998 
otic, 120 development of, 156 pellucida, 75 
umbilical, 87 of third ventricle, 806 reticularis, 1173 
Vesicles, cerebral, 109 striata, 75 
Vesico-prostatic plexus of veins, vasculosa, 1158 
741 Zonula ciliaris, 971 


Vesico-uterine ligaments, 1151 | Wagner, tactile corpuscles of, | Zonule of Zinn, 971 


Vesicula prostatica, 1129 47 Zygoma, 191 
Vesicule seminales, 1145 Waldeyer, germinal epithelium| roots of, 191 
surgical anatomy of, 1146 of, 1157 tubercle of, 191 
vessels and nerves of, 1146 | Wandering cells, 15 Zygomatic arch, 237 
Vesicular column, posterior, of | Watney on the structure of| fossæ, 238 
Clarke, 768 thymus, 1166 process of malar, 217 
Vestibular artery, 1001 Weight of organs. See In-|Zygomaticus major muscle, 
nerve, 877, LOO! dividual Organs 430 


Vestibule, aortic, 589 Wharton’s duct, 1046 minor muscle, 436 























or many years a standard medical textbook, Henry 

Gray’s exhaustive work on the structure of the 
human body was first published in 1858. Its systematic 
approach to the subject, and its emphasis on the surgical 
applications of anatomy, made it widely popular among 
student doctors and nurses in both Britain and the 
United States. 


This superb facsimile of the sixteeth edition, first 
published in 1905, contains the entirety of Henry Gray's 
original work and some later revisions by Dr. R. A. 
Bolam - including new illustrations, particularly to the 
chapters on embryology, the nervous system and the 
sensory organs. 


A land mark in scientific writing, this book is an 
important work of reference for students of medicine and 
medical history. 






toan fa plc OTR. a 


MET W N 22 


201g Si Seo Es 





£18.95 net UK 


